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PREFACE.
THE Author, when a boy, was fascinated by the working

of a hydraulic ram, which he had frequent opportunities of

seeing, near his home in the country ;
since then he

has had to do with a great many, both old and new. The

experience he has gained in practice, and from a large

number of experiments with a ram especially fitted for the

Regent Street Polytechnic, has been of great value to

him for both practical and lecturing purposes.

Thinking the subject matter of this little book would

be of interest to his fellow-workers it was published in the

"Plumber and Decorator? and, as it has been asked for, it

is now issued in its present handy form.

No claim is made to literary merit, but the Author

hopes this may be found useful, and meet with the same

kind reception that has been accorded his other books.

J. WRIGHT CLARKE.

November,

-85321
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HYDRAULIC RAMS.

A HYDRAULIC ram is a machine with no moving
parts, excepting two working valves and some-
times one air valve, and is used for raising a

portion of the water which works it to a height,
such as from a valley to a cistern in a house, or

a reservoir or water tower, in some elevated

position.
Before describing the ram and its capabilities

it will be advisable to explain certain principles
in hydro-mechanics and thus help to make the

action more clearly understood.

In earlier lectures the principles of what is

commonly known as " water-hammer " in pipes
were explained, and also the appliances used

by plumbers for preventing the objectionable
noises made when the flow oi water in pipes is

suddenly arrested.

In those lectures the action of air vessels was

explained and also their object, which is to

slowly arrest the impetus, or momentum, of the

water moving in a pipe when a cock attached to

it is suddenly closed.

If, instead of fixing an air-vessel to the

service-pipe, and near the bib-cock, the end of

the pipe was continued upwards above the level

of the cistern, or reservoir, as shown by diagram,

Fig. i, and water allowed to flow out of the

cock, on quickly closing the latter the water

will rush up the pipe A, to a considerable height
above the level of that in the cistern, and then

subside again to the level line.

As another illustration, it has been found in
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practice that where a service-pipe from a cistern

had an air-pipe fixed below the stock-cock, as

at B, it has been found necessary to turn the

end, out of which water spouted, over the top

edge of the cistern, when a bib-cock on the

service-pipe has been suddenly closed.

When arranged as shown in the diagram the

water nearly all runs out of the pipe A, when
the bib-cock is first opened. But when suddenly

B

FIG. i.

closed the water will rush up much above the
cistern level, having only an air resistance, and,
unless the pipe is continued high enough,
escape out of the top end.

By fixing a valve, which opens upwards,
wheie shown by dotted lines at C, the water is

retained in the pipe A, so that the latter does
not partially empty when the bib-cock is opened.
By constantly opening and suddenly closing the
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latter a considerable quantity can be raised to

a height above the level of the cistern. But, as

the water in the pipe is in a state of inertia, or

motionless, some of the power is spent in

putting it in motion, and not so much is driven

out of the top as would be the case if an air-

chamber was fixed just above the valve at C.

The longer the pipe D D, and with a clear

way bib-cock, not less in diameter than the pipe,
the greater the height to which the water would
be raised.

To still further show the power of water, when
suddenly checked it is only necessary to recall

memories where lead-pipes have been split

in the sides, and after repairing or renewing
them, had again to repeat the repairs or

renewals. The writer has samples of lead-pipes

split both longitudinally and transversely. A
sketch of a S in. lead bend is shown by Fig. 2,

FIG. 2.

and that the cracks were not from any defect
in the manufacture of the pipe or workmanship,
when making the bend, was evidenced by bend-

ing other portions of the same pipe without

any defects being found. It is for such reasons
as this that screw-down valves are sometimes
preferred to cocks with keys, as they are closed
more slowly. By these illustrations it will be
understood that moving water has considerable
force. In the example shown by Fig. i, the
water in the pipe D D, is first put in motion by
gravity, and, being in motion, has neither the
will nor the power of itself to stop, but keeps
moving until an opposing force takes effect.
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The opposing force in this case being gravity,
or the earth's attraction to itself, added to the

weight of the water in the pipe A ; the latter

absorbs some of the power from the moving
water and is itself put in motion.
The contents of the two vertical pipes when

at rest are in a state of equilibrium and the two
columns balance each other. But when that in

D is in motion, its weight plus its momentum
is in excess, pushes its way through the valve

C, and forces up the water above whenever the
bib cock below is closed quickly.
And this is really what takes place in a

hydraulic ram, but in this case the action is

FIG. 3.

automatic, that is, self-acting and not actuated

by any appliance worked by hand, as the open-
ing and shutting of a cock.

We may now deal with the construction of

hydraulic rams.
It is not necessary for our purpose to give a

history of them, or deal with obsolete patterns
which served their day, but are now superseded
by others of better form and capabilities. A
drawing of one, see Fig. 3, is given, as it lends

itself to a description of the working parts.
In the drawing, E is a reservoir of water

which is a few feet above the level of the ram :
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F is the "drive" or feed pipe; G is the body
with a valve, H, opening upwards into the air-

chamber, I. At J is a valve hinged at the top
so that when entirely closed it covers the orifice

or opening, and has a weight, K, on the end of

an arm which acts as a lever, which added to the

recoil of the water, causes the valve to open
inwards into the body ; L is the delivery pipe
leading to a cistern, reservoir or other storage
chamber.
The action is as follows: When the valve, J,

is opened by the weight on the lever, K, the

water from E runs down the pipe F and escapes
as shown in the sketch. After a fraction of a
second in time the velocity so increases in

speed as to force the valve, J, onto its seating,
thus arresting the flow.

If the body of the ram, or the escape valve,
was not made very strong it would be broken

by the force of the water, which, being as nearly
as possible incompressible, strikes a blow almost
as hard as a mallet or hammer, which has a
face equal in sectional area to the column of

water, and has the same velocity and weight at

the moment of impact. The strength of the

ram is sufficient to resist this force at all points

excepting at the opening beneath the air vessel.

This being covered by the valve H, which is

held down only by the weight of the water above,
will allow a portion of the moving water to be

pushed through when the force behind it is in ex-

cess of the weight above the valve.

If we assume that the weight above, which is

pressing on the valve, is 50 Ibs., it follows that

the force beneath must be greater or the valve
will not be lifted. And this force is derived
from the weight of the moving water multiplied
into the height it has fallen. And these factors

must be large enough to raise the valve, H, and
force a portion of the water through.
As soon as the motion of the water in F has

been arrested, when a slight recoil takes

place, the weight of the water alone, not being
sufficient for keeping valve H open, it closes,
and at the same time, the contents of the drive

pipe being at rest and only the dead weight of
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water pressing against the valve J, the latter

opens by the weight K, aided by the recoil

above mentioned, when the flow down F again
commences and the whole action is repeated.
This goes on for an indefinite time so long as
the water supply is sufficient and the ram is in

working order and adjustment.
We will deal with the construction of modern

rams presently, and now proceed to describe
their fitting up, commencing with the drive

.safe:
M

FIG. 4.

pipe. The writer had to do with a case a few

years ago where the water was collected from

springs on a hill side and conducted into a

filter tank for catching sand, &c , the arrange-
ments being as shown by Fig. 4. The dotted

lines represent ordinary agricultural pipes with

open joints leading to the cement lined brick

built filter tank M, and thence to the feed tank
N about a quarter of a mile away. The tank

N supplied a medium size ram at O, and the

tail water ran into the tank P, which supplied
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another ram Q, thence to tank R, which worked
a small ram at S. The available water supply
being limited and not sufficient to drive a large
ram, and the falls being suitable, a series of three
rams was fixed, those lower being worked by the
tail water from those above.
The end of the drive pipe in each feed tank

had a hinged drop valve for stopping the supply
to the ram with which it was connected, the

FIG. 5.

water then running out of an overflow into the

lower tanks and thence to a valley. Fig. 5

shows the drop valve fixed in the tank and hav-

ing a chain for opening.
Many rams are fixed by the sides of rivers,

a suitable place being near "locks," when a
" head "

is formed above the "
gates

" and the

waste can return to the river below the locks.

The same result is obtained by damming back
the water in a brook or burn. In each case a
tank and drop valve are provided on one side of

the stream.

Some time ago the writer had a ram fixed

which was driven directly by the water from a

lake of several acres in extent, as the cost of a
tank could not be afforded. The end of the

pipe was submerged about 2 ft., and had a cop-
per wire grating fixed as shown at T, Fig. 6.
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As an extra precaution for keeping dead reeds
and rushes from being drawn in, an outer grat-

ing was fixed as shown by the laced lines. This

practice, however, is not to be recommended, as

only those which come broadside on are inter-

cepted, those floating endways passing through
the meshes of the netting. Neither is it con-
venient to have a valve on the extremity of such
a pipe.

In this case a clear way sluice valve was fixed

in the drive pipe close to the ram. This valve

should alwaysbe fixed as stated, as it saves agreat

FIG. 6.

deal of time when making repairs or adjustments
and obviates the trouble of going backwards
and forwards to the tank for starting and stop-

ping purposes.
Valves for this purpose should have a clear,

straight way through, so that the direction of the
current is not changed, as is the case with many
kinds. Neither should there be any parts where
air can accumulate, and which would act as a

spring buffer and rob the " shock " of the water
of some of its force. For this reason the valve
should be fixed sideways, that is, the spindle
should be horizontal. The valve would probably
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require repairing or renewing at times and should

have screwed unions, or flanged ends fixed by
bolts and nuts, so that its removal can be done
without breaking any part of the pipe or ram.
A side elevation of a valve with flanged ends
for fixing to a cast iron pipe is shown by
Fig. 7.

Sometimes indiarubber rings are used for

packing the flanged connections, but this, being
a soft material and "

giving
" a little at each

shock, absorbs some of the power of the waters'

motion when arrested by the action of the ram.

Fig. 7.

The flanges could have "trued" faces, so that

no packing is required, but as these sometimes
rust and "

grow
"
together, a " millboard "

pack-
ing is an advantage, in that the separation can
be more easily made. When brass or gun metal
cocks for connecting to lead pipes are used, they
should have ground-in unions which do not re-

quire any washers or packing.
When the drive pipes are made of lead they

should be very strong and not less than the

following weights:

f in. 9 Ib. per yard.
i n.

n.

2 in.

12 Ib.

i61b.

21 Ib.

28 Ib.

and the joints should be "wiped" and not

copper-bitted.
If made of plain wrought iron the pipes to be

" steam "
strength, and they should be a size
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larger than when lead is used to allow for corro-

sion by rusting, which reduces the water-way
and interferes with the motion of the water. It

is better, too, when such pipes are galvanised to

have them a little larger than when made of

lead, owing to their being rough inside.

When necessary to have them 2 in., and

larger, it is usual to fix cast-iron drive pipes, not

only as an economy but as being less liable than
lead to sag in soft or boggy earth, or be lifted

by roots when near trees. It is important that

such pipes should be laid so that no air can
accumulate in them, as would be the case if any
parts were either raised or lowered so as to

form bags or traps.

Cast-iron pipes should be protected as much
as possible from rusting, for reasons already
given, and also because of pieces of rust pass-

ing into the ram and interfering with the seating
of the delivery valve in the air chamber. This
takes place more especially after the ram has
been unused for a time. Even when, owing to

some disarrangement, it has stopped for a day or

two a quantity of rust has given trouble on re-

starting.

Cast-iron pipes coated inside with a wash
made of fleshly slacked lime have sometimes
answered very well. When done in a proper
manner with the solution suggested by Dr.

Angus Smith they are very good, but a great
deal depends upon the method of coating. This
should be done in the foundry, where the pipes
are cast, when they are hot from the moulds.
When done afterwards, or painted by hand, the

pipes frequently rust, and complaints have been
made of a taste of the coating material being
imparted to the water.

Cast-iron pipes with flanged ends are some-
times used as drive pipes, the flanges being
bolted together with a packing between. The
proper way for making such joints was described
when writing on sluice valves.

Socketted pipes are those mostly used, and
they should be very strong or they would break
under the water shocks inside.
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The dimensions and weights should be not

less than as follows :

The joints on cast-iron socket pipes are, when
not coated with Smith's solution, sometimes
made with rust cement. When the pipes are

coated the cement does not "rust" properly,
and the joints are not at all good under those

circumstances.
The constitutents of the cement are sal-

ammoniac, flour of sulphur and iron-borings
from an engineer's shop. When the latter

are "
oily

"
they should be made red hot to burn

off the oil. The proportions should be carefully
attended to, as if the cement is made too strong
it will rust with such violence as to burst the

pipe sockets.

The proportions for medium setting cement
are by weight as follows:

1 powdered sal-ammoniac.
2 flour of sulphur.

ico iron borings.
And for slow setting :

2 powdered sal-ammoniac,
i flour of sulphur.

200 iron borings.

Sometimes urine is used instead of sal-

ammoniac.
When coated pipes are used, caulked lead
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joints are the best. The sockets should have a

groove inside as shown at U, and the spigot a

bead on the end, as at V, Fig. 8. When
making such joints care should be taken to

have the bore of the pipe properly aligned, so

that there are no sharp edges inside for the

water to impinge against and cause eddies.

When making caulked joints it is usual to

first
"
yarn

" them. That is, drive, or caulk into

the annular space between the pipe end and
socket a few strands of yarn, or loosely twisted

soft rope, as shown at W. This is for the pur-

V U V

FIG. 8.

pose of preventing the molten lead getting
inside the pipe. Too much yarn should not be

used or the joint will be weak, as less lead can

be run in. Because of this the writer has seen

the lead driven out of the joint by the shock of

the water inside.

After yarning the joint a clay band is usually

placed outside, as shown at X, and molten lead

poured into the opening left in the top at Y.

The lead shrinks as it cools, and to make it fit

tight is "staved" on the exposed surface to

make it expand and fill up the socket.

As yarn will rot away in time, and when
tarred imparts a flavour to the water, a better

joint is made by caulking the bottom of the

socket with pieces of rod lead, or with thick

sheet lead cut into strips about half an inch wide.

Each strip, about three being used, is well

caulked before placing in the next one, the

remainder of the space being filled with molten

lead and staved as before described.

All pipes in connection with rams should be

laid not less than 2 ft. below the ground surface
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so as to be beyond ihe reach of frost. Running
water does not freeze to the same extent as that

which is still; but as rams sometimes stop for

the want of attention, the water in the pipes will

then freeze during cold weather, and this causes
some trouble, especially when a mansion or
other premises depend upon the water thus

supplied.

Although usually considered as being neces-

sary to fix the drive pipe with an even slope
from the reservoir, or drive tank, to the ram, the
latter will work very well if the pipe is laid with
a gentle slope, so that all air can escape out of

J

FIG. 9.

the inlet end, for a distance and then drop
suddenly, or drop suddenly and then have a

gentle slope.
A glass model of a working ram,* which was

supplied to the writer by Messrs. Baird and

Tatlock, of London and Glasgow, is shown by
Fig. 9. Although having the appearance of

* This model cost only 45.. and j very useful for lecturing
purposes.

C2
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a toy, it works very well indeed, and being
made of glass, the action of the valves can be

clearly seen. It will be noticed that the drive

pipe is partly vertical and partly horizontal.

A small size ram, supplied by Mr. James
Keith, A.M.I.C.E., for demonstrating and ex-

perimenting purposes, is fitted up at the Regent-
street Polytechnic, as shown by Fig. 10. The
feed or drive tank Z is a round lead cistern fixed

on a shelf about 6 ft. from the floor. As shown

by the figure the drive pipe is fixed to a wall

and has an even fall the whole distance, but had

FIG. 10.

to be carried backwards and forwards for getting
the necessary length, as space would not admit
of its being in a straight line. And this ram
raises water to a height of over 100 ft., as regis-
tered on a pressure gauge, thus showing that

the bends in the drive pipe have no obstructive

influence on the working.

Fig. ii is a sketch of a ram made by the

plumbing students for an Industrial Exhibition
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at the Polytechnic. The whole is made of lead

excepting the delivery valve inside the . air
vessel at A, and the "dash" or working valve
at B. The ram was worked from a small lead
cistern C filled by means of a ball cock from a

main, and the drive pipe was wound round the
cistern pedestal, as shown in the sketch. This
crudely made ram, with a working head of 5 ft.,

raised water to a height of 50 ft, and it is

doubtful if better results could have been ob-

FlG. II.

tained if the drive pipe had been fixed perfectly

straight with a gentle slope to the ram.
These examples tend to prove that the drive

pipe can be fixed zigzag when a straight line

cannot be obtained. But it is important that

no bends should be made to a lesser radius than
five times the diameter, as shown by Fig. 12,

in which D represents the diameter of the pipe.
For the size and length of the drive pipe the

maker of the ram should always be consulted,
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as he has an especial knowledge of the subject

and will always be found ready to give advice to

customers.
And such advice should always be followed,

FIG. 12.

or failure may ensue or the best results not ob-
tained.

Mr. Molesworth gives the rule for the neces-

sary size :

D = diameter of supply pipe in feet = I '45 v'Q
In which Q = quantity of supply in cubic feet

per second.

To work an example, assume that the quantity
of water available and necessary to work a ram
of a given size is 3 cubic feet per minute. This
is equal to 3-7-60= '05 cubic feet per second.

Then /O5 = '2236.
And '2236 x i -45

= -32422 foot, or 4 in, nearly.
Or if only I cubic foot of water is available :

Then i-^6o= o'oi66. ^0166 ^='129. And "129
x r45 = 'i87= 2iin. nearly.
For finding the length of the pipe the same

authority gives the rule :

L= length of supply pipe = 2'8 H; where H =
head of supply reservoir above escape valve in

feet = -

, and ^= head of delivery above supply
20

reservoir in feet.
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If we assume that the water has to be raised

to a hundred feet above the supply reservoir,

ThenH =^=
5

20
And L= 5x2-8 =14 ft.

This length would not answer at all in prac-

tice, and it would be much better to work to a

ram maker's ordinary rule, for small size rams,
and which is :

Length of drive pipe= vertical height the

water is to be raised.

But this rule cannot be accepted as being
always suitable for application.

In all cases it is the weight of the water x
into the height fallen that constitutes the power,
and the quantity raised x into the vertical

height raised + an allowance for friction, that

constitutes the resistance to be overcome.
We may not succeed, but we can make an

effort to find what should be the proper sizes

and lengths for drive pipes for working rams.

But there are several details which should be
considered before attempting to arrive at a

solution.

In the first place we must deal with the

motive power, water. To be of practical use it

must be at a higher level than the appliance it

has to put into motion. To get it into that

position a certain amount of energy has to be
exercised to raise it. This energy may be
derived from men, animals, or machinery, or

from the wind and sun. If 100 galls, of water,
which weighs 1,000 Ibs., has to be raised to a

height of 100 ft., then i,ooox 100= 100,000 foot-

pounds of energy has to be exerted to raise the

water to the given height. This energy is

stored up in the water, is available for applica-
tion to some useful purpose, and will again give
out the same amount as was originally exerted.

If the water had to be raised by pumps or

other artificial means for working a ram, there

would be an enormous waste of power, as the

machinery used would be more than sufficient

for doing the work without the necessity of

using a ram. In other words, roughly speaking,
1,000 foot-pounds of energy would sometimes
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be exerted in raising water which would after-

wards produce a useful effect of only 100 foot-

pounds.
In the case of hydraulic machinery, such

as lifts, hoists, presses, &c., and a natural
head is not available, an artificial one
can be created by pumping the water into a high
reservoir or water tower, or into mains to which
accumulators are attached. In these cases

energy is exerted by the pumping machinery
and stored in the raised water, to be afterwards

given off intermittently as desired.
With a natural supply of water in a raised

position, the energy has been developed by the
sun or other natural influences, and is stored

just the same as if it had been raised by
machinery. And the head or height may be
several feet or only a few inches.

For the above reasons a hydraulic ram is

never used excepting where a sufficient quantity
of water to work it is raised by natural means.

In utilising this energy a great deal of useful
effect is apparently los* and wasted. But there
is no such thing in Nature as waste. It is only
that we fail to obtain the whole of the power or

useful effect and apply it in the desired direc-

tion. The water is not wasted; and the power
which was not utilised by the ram is still fulfill-

ing natural laws by which the water flows to

other and lower positions, fulfilling its mission
in many directions, either in rivers, lakes, pools,

seas; feeding vegetation, dissolving earths and
rocks, or returning to the skies by evaporation
to again start on its journey in a continual
circle.

We frequently speak of loss of power by
friction, and in the lectures on pumps* a con-
siderable allowance was made for this. But
the power is not lost, it simply fails to do all

that is required in a desired direction. In

machinery, the working parts are worn away by
friction; and even that of the surrounding air

detracts from the applied power. In machinery,
all surfaces that rub together are made as
smooth as possible, and lubricants are used to

reduce the friction. Water-pipes are made as
* Pumps, their Principles and Construction. 8vo. B. T.

Batsford, 1898.
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smooth inside as possible to reduce the friction

of the passing water which retards the velocity.
And yet without friction between bodies our

mode of existence would be entirely different.

We could not masticate our food, and our bodies
would lose their natural heat; locomotion would
be difficult, and vehicular traffic an impossibility.
An engine could not pull or haul a train, and
breaks would be useless for stopping one when
in motion. Buildings could not stand, water
streams ,would become torrents, and the surface

of the earth entirely changed. Whichever way
we turn we find that this influence has an im-

portant bearing. Engineers cannot do away
with it, and many of the problems of their pro-
fession are to reduce it to the lowest degree in

some cases and increase its influence in others.

When water is flowing through pipes that are

rough inside, an allowance has to be made for

reduction of velocity by rubbing against the

sides, and larger pipes used than would be

necessary if there were no friction. And this

applies to drive-pipes to rams as well as to

other pipes, either for water, air, steam, or

other matters, which are enclosed or directed"

by the pipes in the course intended for them to

take.

It has already been stated that a portion of
the energy of falling water is wasted, or

apparently not utilised in rams. In reality the

waste is a necessity to the proper working.
The action of a ram being intermittent, the
beats of the valve vary according to the size

of the machine, the head of the drive tank and
the head of delivery, from 15 to 80 or 90 per
minute. As soon as the dash valve has closed

there is a slight recoil of the water in the

drive-pipe, and the valve, by its weight and the

backward momentum of the water, reopens and
remains so for a fraction of a second until the

velocity is again sufficient to suddenly close

the valve. From this we glean that the so-

called waste is actually a necessity.

Referring to our example of 100,000 foot-

pounds of energy being stored at a height of
100 ft., the same amount will be given off
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again, whether it comes down in one mass or is

allowed to fall drip by drip. In the former case

it is expended all at once, and in the latter it is

spread over a considerable period of time.

Assuming that Fig. 13 is a lever balanced on
a fulcrum, and at one end a weight, E, of lolbs.

is placed. It a weight of I lb., or i Ib. of water

in a compact body, was allowed to fall from a

height of loft, on to the other end of the lever,

FIG. 13.

at F, it would balance E, but by adding to the

weight of the falling body, or increasing the dis-

tance fallen, E would be raised, and at a speed
proportionate to the increase on F.

If E was a body of water in a tube and the

lever had a piston on the end which fitted the

bottom end of the tube, the piston would push
up the water inside provided the power at the

other end was sufficient to do so. And this

power may be exercised by a large body fall-

ing from a low height, or a small body falling
from a great height.
But no levers are used in a hydraulic ram, and

the power is exerted without the aid of any
mechanical appliances beyond the valves which
were mentioned when describing the construc-

tion.

Taking another illustration ; let G, Fig. 14,

represent a
piston fitting in a tube constructed

as shown, with a valve opening upwards at H,
the whole being filled with water. If a weight
was placed on the top of G, the water would be

pushed up the pipe I, to a height which would
balance the weight, and the two would be in a

state of equilibrium.
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But if the weight was raised some little dis-

tance and allowed to fall on G,the water would
be driven up I to a height equal to the weight x
into the distance fallen. If there were no
valve at H the water would return to its first

level by pushing up G and the weight resting
upon it.

When the weight was allowed to fall on G,
the contents of the apparatus were motionless,

FIG. 14.

or in a state of inertia. A considerable portion
of the energy of the falling weight was absorbed
in overcoming the inertia, also by friction of the

piston and water, and by the sides of the vessel

in offering resistance to being broken.
Between the impact of the falling weight and

the time that motion is imparted to the water
an interval of time elapses. This is so very
short that we cannot measure it, neither can we
see it, and can only say that we feel it is so.

If an air vessel, as shown by dotted lines,

Fig. 14, was fixed, the inertia and friction of

the water in the body only has to be overcome,
as the air in the vessel is compressed into a
smaller space and absorbs some of the imparted
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energy, instead of its being transmitted directly
to the water in I.

The energy absorbed by the air is then slowly
exercised, by the latter returning to its original

density, in raising the water in I at a lower rate

of speed than is given to the water in the

body.
In the hydraulic ram the above piston,

utilised for illustrating a principle, is water, and
the falling weight is a body of falling or running
water.

The force of running water in a drive pipe
has to be calculated in a manner quite different

to a problem in which the discharge from a

pipe under a given head is sought.
In the first place the motion maybe described

as "stop and start." When the dash valve

opens it does so at about the same speed as the
water behind it when its motion is reversed.

The backward motion is small, but plainly
discernable at the entry end of the drive pipe. If

there were no backward motion the valve would
not open. The weight of the valve alone is not

sufficient, and it will remain closed for an in-

definite time if held shut until all motion in the
water has ceased.
As soon as the backward momentum of the

water has been overcome, by the pressure from
the drive tank, a forward motion takes place,

very slowly at first, but gradually increasing in

speed. But the highest velocity due to the head
jnot attained. As soon as sufficient speed has

oeen attained to dash the valve onto its seating,
the motion is again reversed and the whole pro-
ceeding repeated.
The greater the head, or height, of the feed

tank the greater the power of the flowing
water in the pipe and subsequent shock of the
dash valve, which shock also acts on the body
pipe and the underside of the delivery valve,
which is pushed open and water forced through
into the air vessel.

With great heads shorter drive pipes are

necessary for doing the same amount of work.
As an example, assume W represents weight of

water, H its head, and R results.
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ThenR=HxW.
If H = ioand W=io,
Then R= 10 x 10= 100.

If H = 5 and W = 2o,

Then R= 5x20=100 the same as before.

And so on for other variations of the factors.

From this we learn that with low heads long
drive pipes must be used.

Increasing the size or diameter of the pipes
does not increase the working capacity of the

ram, as the latter, including the dash-valve,
has to be enlarged in proportion, or the force

of the shock will be spread over a larger
area of surface, both on the valve and inside

the body pipe.
With a small size drive-pipe of a good length,

and a proportionate size dash-valve, the same

quantity of water moving in a body would strike

on a smaller surface with increased results.

Rods of iron may be taken to illustrate this.

Assuming three rods each weighing lolbs. If

one was I in. in diameter and fell endways a
certain distance onto a piece of soft metal it

would not indent the latter so much as a rod
which was in. in diameter, and the latter would
have less effect than one which was in. in

diameter and which fell the same distance. The
smaller rods in each case being increased in

length to make up the weight to lolbs.

The writer has carried out a number of ex-

periments on hydraulic rams and some of these
will be found interesting, although not always
conclusive.

On looking over old pocket-books and the
notes relerring to Hydraulic Rams the writer

cannot find anything that is of real use to

students. Although many old appliances have
been repaired or adjusted and new ones fixed

by, or under his direction, his notes refer

chiefly to the actual results obtained, coupled
with statements as to lengths and sizes of drive

pipes, and the quantity of water delivered and
the height to which raised. But the quantity
used and some other details are wanting.

In the early part of 1895 he began experi-

menting with the ram, shown by Fig. 10, and
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although the results were carefully tabulated,
he now finds with later experiences, that they
are of little value.

So that the experiments could be conducted

FIG. 15.

on better lines, he has had a few alterations
made and additional appliances added. These
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are shown by Fig. 15. In the illustration J is

the feed tank; K, a i in. drive pipe 7ft. loin,

long with four springs (or long easy bends); L,
a clear way, or gate valve; M, the body of the

ram; N, the air vessel; O, a glass water gauge
for showing the height of the water or degree of

air compression inside the air vessel; P, a pres-
sure gauge for showing the height to which the
water is being raised; Q, a stop-cock on the

delivery pipe, which is partially closed until the

pressure gauge registers the height the water
would be delivered if the pipe, R, was con-
tinued upwards. The latter pipe empties into

a funnel, S, which discharges into a measuring
chamber, T, having a graduated glass tube, U,
by which the quantity of water raised in a
measured time can be seen at a glance. A
similar tube, V, is fixed outside the drive tank
for showing the quantity used; W is an empty-
ing cock for the measuring chamber, and X is

a similar cock for the ram air vessel.

The sizes of the drive i in., and the delivery

pipe i in., were governed by those of the con-
nections which were supplied with the ram.
The tank holds 30*42 gallons, measured above

the end ot the drive pipe, and is i8in. deep.
The working head when the tank is full is

8ft. i^in., and when half empty 7ft. 4 in.

above the centre of the inlet to the body of the

ram. As in practice it is found that in some
cases the level of the water in the drive tank
varies a little, some of the experiments were
made with a measured quantity which
had varying heads, giving a mean of 7ft. 4 in.

above the ram.
After making several preliminary experi-

ments it was decided to divide the series into

sections, some being worked under the mean
given above, and others with a constant head

by keeping the tank filled by means of a ball-

valve.

Other variations were made by starting with
an empty air vessel and others with it charged
with water equal to the height of the delivery,
as shown by the gauge. Others, again, were
made with, in sporting phraseology, a "

flying
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start." Some of the tests were with the long
drive pipe shown by Fig. 10, and others with
the short pipe in Fig. 15.
The first, or preliminary test, was to find how

long each pipe took to empty the tank when
disconnected from the ram. With the short

pipe, as Fig. 15, plugged at the cistern end,
it took i min. 13 sees., but when plugged at

the outlet end it took 5 sees. less. When
plugged in the cistern and connected to the

ram, the dash valve of which was held down,
it took 2 min. 20 sees, to empty the tank.

With the long pipe, shown by Fig. 10, the
tank emptied in 3mins. 41 sees, when plugged at

the upper end, but when plugged at the outlet,
so that the pipe was full of water at starting,
the time was 3 mins. 30 sees. When run through
the ram without doing duty 4 mins. 10 sees, were

occupied in emptying the tank.

The length of the latter pipe is 6oft. 4in. and
it has 9 bends of about 90 degs. each, made to

radii of about 4in.
The inlet ends of the pipes were slightly

opened with a tan-pin, and the inside arris

taken off to reduce the friction of entry as much
as possible.
To compare the relative velocities of dis-

charge of the short and long pipes :

With the short pipe, which emptied the tank
in i minute 13 seconds, the

Velocity= 30142 gallons = linea, f

034 x 73 seconds

or -416 gallons per second.

With the long pipe which emptied the tank
in 3 minutes 41 seconds the

Velocity= 30'42 gallons^ fcet
034x221 seconds

or "137 gallons per second.

From these calculations we learn that with
the pipe which is nearly eight times longer than
the other, the velocity of discharge is decreased
to about one-third.

The short pipe holds '034x7- = '266 galls, or
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2'66 Ibs. which x 12*25 ft - velocity= 32'58 ft-

pounds of flow-energy per second.
The long pipe holds '034 x 60 = 2 "05 gals.,

or 20*5 Ibs. And this x 4 ft. velocity= 82 ft.-

pounds of flow-energy per second, or about

2^ times that of the short pipe.
We may here break the continuity of our

subject for a brief time to compare the above
velocities of discharge with those found by
the rules for falling bodies.

With the short pipe giving a velocity of 12*25
per second.
The rule for finding the height necessary to

give that velocity is

Then (^M =2*43 ft. the head or height

necessary to give the velocity.

But as the actual height was a mean of 7*33 ft.

we have 7 '33 2 -43= 4 -9, or say 5 it. of head
which was absorbed by friction of water in the

pipes, and at entry, and by change of direction

by bends.

For the long pipe :

I~
J
=

'25 ft. of head to give the velocity.

And 7-33 -25
= 7-08 ft. of head absorbed by

friction, &c., as before.

Box's rule for finding discharge from pipes,

allowing for friction only in the pipe, and not

taking into consideration change of direction by
bends and friction of entry is :

G =

In which G=gallons per minute.
d diameter of pipe in inches.

L= length in yards.
H = head of water in feet.

Then for the short pipe we have

G =V (

(3X

g?
7

'

33
)
=27-47 per minute.

D
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And 27
'

47
='458 nearly per second com-

pared with '4165 gallons found by experiment.
The difference, or, -458 -4 165

= '041 5 gallon is

caused by friction of entry and bends.

For the long pipe :

(3Xi)
5

X733) ==9
.

4Iperminute>
2O'I /

and 2AL ='157 nearly per second compared

with '136 as found by experiment. Here, too,

the loss of '157 '136= '02i gallon is occasioned

by friction of entry and bends.

The entering ends and bends were made so

as to retard the flow of water as little as pos-

sible, but our calculations show there is still a
loss caused by them. We have also found that

the friction in the pipes has an enormous in-

fluence in retarding the velocity of discharge,
and must always be taken into account in

hydraulic problems.
The results of several practical experiments

with a hydraulic ram have been tabulated, and
we will now deal with them.
The experiments gave such very peculiar

results that it was found necessary to check
them as far as possible. In the first place the

readings on the pressure gauge were com-

pared with the height of water, or degree of air

compression, in the air vessel as seen in the

gauge glass, to show the height to which the

water was being raised by the ram.

To do this a drawing was made as shown by
Fig. 16. The air vessel was drawn and hori-

zontal lines made at the levels the water would
be when under pressures varying from one to

five atmospheres above the normal. These
lines were then projected onto a diagram and
the compression curve found.

The glass water gauge was then divided into

inches, from the bottom upwards, and horizontal

projections drawn as shown by dotted lines.

On the bottom of the diagram is marked the

pounds pressure per square inch exerted by the
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water in the rising pipe from the ram, and be-

neath that the head, or height in feet to which
the water is being raised, and which exercises

the pressure marked above it,

HI? *

The lower, or dotted, curved line is deduced
from the readings of the pressure gauge. A
difference is found to exist, and this will be
better understood by the following table of

results of a series of five experiments.
p 2
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EXPERIMENT I.

With varying head on drive-pipe which was

7 ft. 10 in. long.

EXPERIMENT II.

The same as last, but with a constant head of

7 ft. 4 in.

By comparing the pressure gauge readings
with those on the glass gauge on the air vessel,
we find a considerable difference between the

computed heights to which the water is being
raised. See the following table of comparison.

Table of comparison between the height the
water is being raised as shown by the pressure
and glass gauges respectively as found from the

diagram.
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We learn from this comparison that up to a

certain point the two gauges agree, but beyond
that a difference occurs. The pressure gauge
may have varied a little in correctness between

high and low pressures, or a slight inaccuracy
may have occurred, owing to the smallness of

the drawing, in the lines dividing the height of

the air vessel to denote the various atmospheres
of pressure.

But upon referring to the diagram the differ-

ences appear to be considerably reduced, and
there is no doubt that another, or mean curve
drawn between the two, as shown by the chain

line, would very nearly approximate the actual

facts of the case.

We also learn that any unavoidable inac-

curacies when making notes on experiments
mutually correct each other when plotted on

paper ruled in squares or otherwise divided by
lines.

The diagram, Fig. 16, will be used for show-

ing the heights the water is being raised by the
ram when giving the results of future experi-
ments.
We may pass over a large number that have

been made and deal only with those necessary
for our purpose, and which are as nearly as

possible, that can be found by the apparatus at

our disposal, the results which would be
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obtained in actual practice. Our primary

object being to compare the difference between

the duty performed by the short and long drive

pipes.
The following tabulated results may now be

considered.

EXPERIMENT III.

With the short drive pipe and with a flying

start, that is, the records were not taken until

the pressure gauge stood steady. Each test

was timed to four minutes.
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EXPERIMENT IV.

All as last but with the long drive pipe.

IsifM ?" ^
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The results as tabulated in the foregoing are

most extraordinary. Taking table No. 3, the
two first items show the same number of valve
beats as taking place in the same space of time,
but more water was used and more raised to a

greater height, thus showing a higher rate of

duty of one over the other.



40 HYDRAULIC RAMS.

In these two experiments the dash valve

opened only a very short distance, but as the

height of delivery was increased, the stroke

lengthened, and when beating 112 and no
opened to the full extent. But the force of the

falling water was not sufficient to raise any con-
siderable quantity when the height of the

delivery was increased, as shown by the last two
items.

The table No. 4 shows a much more even
series of results, both with regard to the valve

beats, quantity used, and also raised. With a

long drive pipe a considerable increase is found
in the percentage of duty performed, and this

is shown by a comparison of the tables.

During these experiments great interest was
taken in the action of the water in the air vessel
as seen in the glass gauge. With the short
drive pipe in use the water appeared as if

"jerked" into the vessel, but with the long pipe
it appeared as if "pushed" upwards, if a dif-

ference in the two terms of expression can be
understood as applying to the action. In other

words, at the same instant that the dash valve

closed, with the short drive pipe, water was
quickly forced into the vessel, but with the long
pipe the water continued to rise fora short time

afterwards, as if the motive force was more sus-

tained.

This was further illustrated by holding the end
of the spindle of the dash valve with the fingers.
When the short pipe was in use very little effort

was necessary for holding the valve tight up to

its seating, but when the long pipe was on a

very strong pulling power was found to be
exerted after the stroke, and this was repeated
in about I to 2 seconds afterwards. In other

words, in the first case the ram's action could
be immediately stopped, and in the other the
valve had to be held for some little time until

the, what may be termed, oscillating motion of
the water in the drive pipe was arrested.

Another detail suggested itself during these

experiments which would probably account tor

a considerable portion of the reduction in the

percentage of duty when water is being raised
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to great heights. If we assume that air is an

elastic, and water a solid, fluid, we can then

understand that when the vessel is filled with

air water forced through the delivery valve meets
with very little resistance as the air is easily

compressed to make room for it. But when

nearly filled with water, the air being tightly

packed in the upper portion of the vessel, any
incoming water is resisted by the column of

that above the delivery valve, which has weight,
and is also in a state of inertia, so that a por-
tion of the force is expended in lifting the water
in the air vessel, and alsojn starting it from a

position ot rest.

The next experiments were with a measured

quantity, 28 gals., of water and a varying head

averaging 7-5 feet on the drive pipe.

EXPERIMENT V.

With the short drive pipe.

EXPERIMENT VI.
With the long drive pipe.
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Before making the above experiments a slight

alteration was made to the washers on the dash

valve, with the result that a more even series

was obtained. It may be added that the whole.

were carried out with the same ram and pipes,
and no alterations were made to suit the varying

heights to which the water was raised. The

working conditions were the same throughout,
with the exception of the length of the drive

pipe and adjustment of the stop cock on the

delivery pipe.
The previous remarks as to the importance

of a long, in distinction to a short, drive pipe,
are again emphasised by the above practical
results. The actual working length of the latter

pipe can be approximately found, but that we
will explain presently.
For the benefit of the junior students we may

here explain how the percentage of duty, given
in the last column of the above tables, is calcu-

lated.

If we assume that a man can lift, between his

legs when standing, a weight ot 200 Ibs., the

whole of his power is usefully exerted and he

gets a percentage of duty of 100, or cent, per
cent.

But it he had to drag the same weight on a

road, his pulling power, if limited to 200 Ibs.,

would not move the weight, as a part of his

strength would be absorbed by friction between
the road and weight.

If, by gradually reducing the weight until he

could drag it, eventually he found he could move

only 150 Ibs., then the percentage of useful effect

would be found by simple proportion, or rule of

three, as follows :

As 200 Ibs. : 100 : : 150 Ibs. : the answer.

Or stated thus :

The power which works a ram is the quantity
of water used multiplied into the height from

which it falls or flows. Example taken from the

last table : 28 gals, are used and they fall TS^->
and 28x7-5 = 210 foot-gallons of flow energy or
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power. The useful effect was 5 "66 gals, raised

to a height of 25ft., and 5-66x25 = 141 '<; foot-

gallons. By dividing the useful effect by the

power exerted we get

67 per cent.
210 100

Stated concisely the problem would be

J-66X2 5 ^.6
28x7-5

or 67 parts out of every hundred of power use-

fully exerted, the remainder being absorbed by,
or contained in, the machine and the water
inside.

The remaining 33 parts are not by any means
wasted, but are doing duty to the utmost extent.

A portion is required for lifting and suddenly
closing the dash valve, which has considerable

weight. Another portion is necessary for lifting
the delivery valve, inside the air vessel, and the

water above it, and also in still further compress-
ing the air in the upper part, this again being
transmitted to the water in the delivery pipe to

keep it in motion between the beats of the dash
valve. A further portion of the 33 parts is ab-

sorbed by friction of the water in the pipes, and
a considerable part is required to reverse the

direction in which the water is travelling in the
drive pipe. If this water does not recoil the

dash valve will not open, but will be held up to

its seating, and thus stop the action of the ram.

And, again, the further the water is driven
back the greater the force with which it returns.

With a short drive pipe the water can return

but a short distance, so that the- intervals be-
tween the change of direction of flow are very
small. Thus we find from the practical experi-
ments that there is a great difference in the

number of strokes per minute between the two

pipes which were used. We also find that there

is more waste with the short pipe. This we
should expect, as the dash valve opens three to

four more times than with the long drive pipe.
The experiments have also shown that with

the short drive pipe the increase in height to

which the water is being raised results in a de-
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crease in the number of beats per minute of the

dash valve, and also in the quantity of water
raised. With the long drive pipe the results

are more even.

We will now compare the working power of a

ram with the useful effect, and make an approxi-
mate allowance for friction and other influences

which detract from the theoretical results. We
had better first have the rules by which to work
and then apply them to our purpose.

So as to state them concisely and avoid long
written descriptions, we will assume that :

Q = quantity of water used.

q = quantity of water raised.

H = head on drive pipe.
h = height to which delivered.

ThenQ
qxh

H =

h =

To explain the first formula in words :

The quantity of water necessary to work a ram
is equal to the quantity raised multiplied by the

height to which raised, and divided by the head
on the drive pipe. The height and head being
in feet, and -the quantities used and delivered

being in gallons.

EXAMPLE I.

Assuming that we want to find the quantity of

water necessary to raise 10 gals, to a height of

Soft., the surface of the water in the drive tank

being 6 ft. above the ram.

Then Q

If, for rough approximation, we allow J more
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for friction and excess ot power over work we
have

83-3 +lO =m gallons.

as the actual quantity necessary.

EXAMPLE II. To find H.

If Q = 5o

q = 6
h =30'

to which add J=4'8 feet head on drive pipe.

EXAMPLE III. To find q.

When Q = 40
H = 6
h = 60

Then q =^=4 gals.

from which should be deducted ird.

And

raised.

And 4 =2*66 gals, the actual quantity

EXAMPLE IV. To find h.

When Q = 60
H = 10

q " 5

5

from which deduct J = 80 ft. the height to

which the water would be raised.

In the above no time for doing the work is

mentioned, and neither is it necessary, as that

during which the power is being exerted equals
the time in which the actual results are obtained.

In the foregoing random examples a constant
of Jrd was taken as an allowance for excess of

power over load, &c., in all cases, but by study-

ing the results in Experiment VI., the percentage
of so-called loss is found to vary from 33 to 54,

thus showing that our value would not apply
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under all conditions with regard to quantity of

water either used or raised, nor variations in

height of feed or delivery.
If we take the results in Table VI., and deduct

the lowest from the highest, we have 67 46=
21 difference in the percentage of useful effect.

And if we deduct the lowest from the highest
height raised we have 11525 = 90 ft. And

From this we may assume that an approxi-
mate loss of i per cent, is due to every increase
of 4'2 ft. in the height to which the water is

raised when we take as our datum the results in

Experiment VI.

We will now endeavour to find the neces-

sary lengths of drive-pipes so that each of the

experiments in Table VI. showed the same effi-

ciency as the first one.

The pipe was 60 ft. long, and with varying
conditions gave an efficiency of 67, 63, 62, 58,
and 46 respectively. Although it is the quantity
or weight of water that gives the impulse, we
need not take that into our calculations, but

simply deal with the length of pipe, as that

represents the comparative proportion of water

necessary to do the required work.

Then we proceed as follows, by ordinary rule

of three.

As 63 per cent : 60 ft. : : 67 per cent : 63*8 ft.

the length of drive-pipe necessary for gaining
the same percentage of duty for the second as

for the first in the table.

For the third experiment, by the same reason-

ing :

60 x6? = 64-8 ft.

62

For the fourth experiment

58

And for the last in the table

^J? 17=87-4 ft
46
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By lengthening the drive-pipe there

crease of friction of the inside water

length of stroke is increased. The longer
column of moving water would occupy more
time in reversing the direction of its flow,

resulting in slower beats of the dash valve.

But the ultimate results would be about the

same as worked out theoretically above.

When work or resistance is increased the

power to overcome it must also be increased.

We have dealt with increase of power by
lengthening the drive-pipe; we can also gain the

same object by raising the height of the drive

tank.

The height of the feed water surface was

7*5 ft. above the ram, and (from Table 6) raised

a portion to a height of 25 ft. developing an

efficiency of 67 per cent. By the same reason-

ing as was used for the drive-pipe length

the height the water should be for the second

experiment.

For the third

El**?-*, It
62

For the fourth :

^467 =8 .66 ft.

5<>

And for the last :

Referring again to our length of drive-pipes,
our calculations were based on a ram capable
of doing the work which was required. Other
size rams could be used to give approximately
the same results. But if they were larger then
the drive-pipes could be shorter, but the dia-

meters should be proportionate to the ram. In

working out such problems the following table

of capacities of pipes will be found useful.
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TABLE OF CAPACITIES OF DIFFERENT SIZE
PIPES.

If a pipe holds a given number of gallons, a

larger one holding the same quantity is shorter
in length.

Taking the pipe which was 87*4 ft. long.
From the table we find a i in. pipe holds

034 gals, per foot, and '034x87 '4=2 -9716 gals.
An liin. pipe to hold the same quantity

With a ram constructed to work with i in.

pipe the latter length would enable it to raise as
much water as the smaller ram worked with a
i in. pipe, 87-4 ft. long, other conditions be-

ing equal.
To show this, assume 8 ft. head :

Then 8x i
2 x '034x87 -5

= 23-8 ft -gals, of

flow energy.
And 8xr52

x-o34X39= 23'86ft.-gals., or the
same power as the other if the decimal fractions

had been carried further in the calculations.

But the larger size pipe would not give the
same results with the smaller ram for reasons
that have been before explained.
The writer has recently had some correspon-

dence with the makers of the experimental ram
used by him, and they have given him a few
results obtained by them in actual practice.
These further emphasise previous remarks as
to the value of long drive-pipes.
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Their results are as follows :

With an "A" or small-size ram fitted with
66 yards of I in. lead drive-pipe, 15 ft. fall,

2^ gals, supply per minute, 700 gals, were raised
in 24 hours to a height of 65 ft. above the ram
through 250 yards of f in. pipe. This gives :

700x63
2^x60x24x15

or 90 per cent of effective duty.
With " B "

size ram fitted with 50 yards of 2in.

drive pipe, 6ft. fall, 6 gallons supply per minute,
700 gallons were raised per 24 hours, 63ft. above
the ram through one mile of 2in. delivery pipe.

This ram gave :

700x65 8
6 x 60 x 24 x 6

or 85 per cent, of effective duty.
With a "C" size ram with ii2ft. of 3in. pipe,

8ft. fall and 14,000 gallons supply per 24 hours,
2,000 gallons were raised 42ft. above the ram.
Then for this case we have :

2000X42
14000x8

or 75 per cent of effective duty.
The water supply to this latter ram was not

entirely satisfactory and varied considerably.
Eventually it became so reduced that it was
found necessary to fix a smaller size dash valve
when the per centage of effective duty rose to 81.

The makers also draw attention to the lengths
of the above drive pipes which varied in length
from two to three times the vertical height to
which the water was raised. They also mention
that it is difficult to formulate any rules for rams
and that every case has to be considered

separately.

Having so far given the principles upon which
calculations are made, and explained that to do
a certain amount of work the drive pipe must not
be less than a given size and length, it now re-

mains to explain that the other extreme must
not be gone to.

If the drive pipe is too long the power is so
much increased that, in the absence of adequate
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resistance or work to be done, the ram is seri-

ously injured by the excessive shock.

The writer had such a case in which the

delivery valve inside the air vessel was con-

stantly breaking, and every few days a new one
was necessary. The drive pipe was 4in. in

diameter and 3ooft. long, and capable of raising
a large quantity of water to a height of over
2Ooft. The actual height required was only
about half that to a mansion about three-quarters
of a mile distant.

By fixing a square head stop cock in the

delivery pipe, near the ram, and closing it until

FIG. 17.

a temporary pressure gauge registered the

desired resistance, the ram was made to work

satisfactorily in so far as giving an ample supply
of water without any of the working parts or

valves breaking by the shock of the drive

water.

Another case in which the drive pipe was 300
yards long and 6in. in diameter the pipes fre-

quently burst, and it was found that ordinary
cast-iron would not resist the shock of the water
inside. To relieve this a stand pipe was fixed

about midway between the ram and feed tank,
so that a portion of the force of the moving
water was spent in pushing a quantity up the

stand pipe each time the dash-valve closed.

To explain this, assume Fig. 17 to be a

sketch of the arrangements, the water flowing
from the tank A to the ram B. Without the

stand pipe, C, the whole of the force is ex-

pended on B. But with the stand pipe, when
the dash-valve closes, a portion only of the force

is expended on B and the remainder in pushing
the water up C as shown by the bent arrow.

Approximately about rd of the force of the

moving water is thus taken off B. The stand-
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pipe was continued above the level of the feed

tank, otherwise water would have been forced

out of the top end.

In both of the above cases there was a waste

of power, and money was
ill-spent,

not only in

the first cost, but in the additional outlay for

disposing in a useless manner of the excess of

force or power.
Neither should the feed tank be at too great

a height above the ram, because of excessive

shock having an injurious influence on the

materials used for the ram and pipes.

There is a great difference of opinion as to

the cause of the current of the drive water

reversing when the dash-valve closes. By some
it is held that water is elastic and rebounds
much in the same manner as an indiarubber

ball would. That this is not so is evidenced by
breakages that take place in water-pipes by
what is known as water-hammer. If water was
elastic the loud noises made in service-pipes
when a bib-cock is suddenly closed would
not be heard, and an elastic medium, such as

air confined in a chamber, would not be neces-

sary for preventing it.

Another example is found in the philosophical

appliances shown by Fig. 18, and known as a

water-hammer. These are made of glass and
are aboat half filled with water. The other half

has the air exhausted, the remaining space

being known as a vacuum. By holding them

upright and smartly raising and then lowering
them the water is jerked upwards, and on falling

makes a noise as if two solid bodies had
knocked together.

Or if held with the bulbs downwards until all

the water has run into that end, and then sud-

denly reversed and held close to the ear, the

water trickling into the straight tubes makes a

noise similar to pebbles falling onto something
hard. And this would not be so if water was
elastic.

Neither would it be safe to assert that the

materials of which the ram is made are suffi-

ciently flexible to "give" with the force of the
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water, and on returning to their original form

push the water back.
If air was inside the body pipe the full force

of the water would not be utilised, and a lesser

quantity would be raised by the ram owing to

the air acting as a spring buffer.

But as the water is driven back, and some

FIG. 1 8.

power is necessary to do this, it only remains to

fall back upon the delivery valve inside the air

vessel.

When making exact, or as nearly as possible,

calculations on the duty done by pumps an

allowance has to be made for what is known as

"slip," or the small quantity of water that
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returns into the suction-pipe when the sucker

valve is in the act of closing. When the de-

livery valve inside the air vessel is in the act of

closing a small quantity of water is pushed back
into the body-pipe of the ram, and this, although
small, is probably just sufficient to start a back-
ward motion in the drive water.

It must not be forgotten that the weight of the

dash-valve has also an influence in the same

direction, and also the elastic seatings of the

delivery valves.

Many makers have given the dash-valve a

considerable amount of thought, and on search-

ing through the patent office records a variety of

forms are found to have been patented from
time to time.

Fig. 19 is a sketch of a patented ram in

which the dash-valve, shown by the dotted lines

inside the body at D, is fixed on a pendulum E,
with a counter-balance F. A modification of

FIG. 19.

the same patent has a spring with adjusting
screws at G, instead of the hinged joint am
counterbalance. Either of these would have i



54 HYDRAULIC RAMS.

tendency to open the valve and push back the

water.

Fig. 20 is a detail of another patent, in

which the dash-valve has a rubber ring at H.
When the valve dashes up against the seating, I,

there is little doubt the "spring" of the rubber

FIG. 20.

acts a part in causing the drive water to be
reversed in its direction.

Another specialist has a patent for the ram
shown by Fig. 21. For aiding the recoil of

the drive water a small chamber J has a valve

over the opening K in the body pipe. This
valve fits tightly, but is free to slide up and
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down. Over the valve is a spring and adjusting
screw for pressing the valve downwards.
When the dash-valve closes by the momentum

of the feed water part of the force is exerted in

pushing some of the latter through the delivery
valve L, and at the same instant of time the valve

K is pushed upwards and compresses the spring.
As soon as the full force of the feed water is ex-

pended the spring pushes the valve K down
and causes the current of drive water to be

reversed, when the whole of the action is

repeated.
The same maker has other patents, in which

what may be termed the seating of the dash-
valve has a concave or hollow surface, and is

perforated with several holes for the water to

pass through. A short distance away from the

N

FIG. 21.

seating is an indiarubber band, in some cases,
and discs in others, which is forced against the

seating by the momentum of the water. The
indiarubber is stretched in doing this, and on

returning to its ordinary degree of tension
causes a slight recoil in the direction of the
flow of the drive water.
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Another patented ram has a spring fixed out-

side the discharging outlet, so that the spindle
of the dash-valve knocks against it. The spring
acts similarly to a person's finger pressing on
the spindle and thus pushes it down and reopens
the valve. The use of this spring is claimed for

another purpose but doubtless could be made
to answer for that suggested.
An ordinary dash-valve is shown in section

by Fig. 22. The outlet orifice has about the
same diameter as the inlet to the body and the

length of the stroke, which gives the opening
between the valve and the seating, or the free

waterway between them when open, is regu-
lated by fixing washers on the spindle at M.

M

FIG 22. FIG. 23.

The valve shown in Fig. 21 is an improve-
ment on the last one as the spindle works more
truly in the guide N. The valve can also be

easily taken off for repairs or substituting a
new one.

In Fig. 20, the dash-valve works in a

cylinder, and doubtless economises the water,
as very little can escape without doing duty.

Fig. 23 is an enlarged section of the dash-
valve in the ram shown by Fig. 15. This also

works in a cylinder O, and has a copper disc P,

carefully fitted so that the whole of the force of
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the water is utilised without unnecessary waste.

The butterfly nut, Q, has the blades fixed

obliquely, so that the passing water imparts a

slight rotary motion to the valve and thus pre-
vents the face of the latter, or the seating, be-

ing unevenly worn. The beats of this valve

and the lengths of the strokes regulate them-
selves according to the power exerted, as was
shown by the tabulated experimental results

that we have dealt with.

Delivery valves are those fixed on the body
of the ram at the bottom of the air vessel, and

through which a portion of the water is pushed
at each stroke of the dash-valve. Amongst the

earliest made, and used by some makers at the

present time, are those known as "
spherical

"

valves, which consist of gun-metal balls with

FIG. 24. FIG. 25.

seatings, as shown at L, Fig. 21. This has a

cage for preventing the ball rising too high or

being dislodged from its position.

Fig. 24 is another kind which has an india-

rubber seating at R, and a spindle with a guide
bar and nut at S.

Another valve is shown by Fig. 25. This is

a "ground-in" gun-metal valve T, with "feather

guides" and a "stop" and regulating screw U,
for preventing the valve rising too high or

jumping out of its position.
The delivery valve to the patent ram, of

which Fig. 20 is the dash-valve, is shown by
Fig. 26. In the figure V V are perforations
in a brass seating, and W is a rubber disc with
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cap and spindle. The object being to get as

large a waterway as possible without raising
the valve too high, with the consequent lesser

loss of water by
"
slip."

Another delivery valve, which forms a
part

of
two or three patents, is shown by Fig. 27.
This is simply a valve hinged on one side.

As a rule most makers have the delivery
valves of a good size for reasons above given.
In some cases the waterways are equal, and in

others the diameters are only about half that of

the drive-pipes.
With small size rams access to the delivery

valves is obtained by unbolting and removing
the air vessels, but with large rams having very

FIG. 26. FIG. 27.

heavy air-vessels this would be inconvenient,
and access-doors or removable side plates over

openings are provided for the purpose.
With regard to the proper sizes of air-vessels

the ordinary rule is, the capacity of the latter

should be equal to the contents of the delivery

pipe. But this is impracticable as one pipe

may be 100 yards long and another a mile or

upwards, so that each ram would require a

special-sized chamber.
A better rule would be : Contents of air-

vessel should be equal to twice the contents of

the delivery pipe whose length is equal to the

vertical height to which the water is raised.

An average being taken so that one size of

vessel would be about right for each size of ram
under varying conditions.
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When an air-vessel loses its air by absorption

by the water an enormous strain is brought to

bear upon the ram, and its efficiency is lowered.

Without air, and the vessel
"
water-logged,"

the whole of the water in the delivery pipe
"
stops and starts" with each pulsation of the

working or dash-valve. Whereas with a pro-

perly charged air-vessel the water in the

delivery is in motion the whole of the time the

ram is working, and travels at only about one
half the speed, with a consequent reduction of

friction. When the water is motionless between
the strokes a great deal of the applied power
would be occupied in overcoming the inertia of

the water in the delivery pipe and starting it

into motion.
Not only is the ram robbed of a portion of its

efficiency, but where the water is forced directly
into a tank or cistern in an inhabited house,

complaints have been made that each stroke of

the ram was distinctly heard in the house, and

prevented people sleeping at night.
In one case this was so serious that the writer,

to sever the metallic connection of the iron pipe
with the ram, had a piece of indiarubber tubing
especially made for the purpose, and bound out-

side with wire to resist the internal pressure.
This was fixed near the ram, a portion of the

delivery pipe being removed for the purpose.
Although this reduced the noise considerably,

it was still heard, and the conclusion was come
to that water itself is a good conductor of

sound.
Another complaint, in the same mansion, was

the noise of the water trickling down the cistern

overflow pipe which was fixed inside the house
so as not to be affected by frost in the winter

time. For these reasons the writer considers it

inadvisable for a ram to deliver the water

directly into a house, unless there is an isolated

wing in which the cisterns and pipes can be

fixed, and it should be sent into a reservoir or

water tower from which it can gravitate or flow

to the house or premises.
The loss of air out of the vessels is a trouble-

some problem, and a considerable amount of
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thought has been given with the view to over-

coming the difficulty.

One ram specialist has invented a substitute

for the air vessel, which consists of a hollow

cylinder with a solid end inverted in a second

cylinder fixed over the delivery valve. The in-

verted cylinder is held down by springs and slides

inside the other one, a special provision being
made for the joint between the two to be water-

tight. At each pulsation of the dash valve

FIG. 28.

the water that is forced through the delivery

valve causes the sliding cylinder to rise, the

action of the springs then slowly forcing it

down again and expelling the water into the

delivery pipe.
For prevention of loss of air out of the vessels

it has been suggested that sperm oil, glycerine
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or other suitable liquid, poured into the vessel,
would float on the surface of the water and pre-
vent contact with the contained air, but the

writer has no knowledge of the results, or if the

water was rendered unfit for domestic purposes.
Another suggestion was to have the air vessel

in two halves and bolt an indiarubber diaphragm
between the flanges, so that the air and water
were not in contact.

Many devices have been invented for keep-
ing the necessary quantity of air in the vessel.

One of the earliest was known as the
"
sniff"

FIG. 29.

or "snifTie" valve, sometimes called the
"snorter." This is shown in section by Fig.
28, and is generally screwed into the side of
the trunk leading from the body pipe to the air

vessel just below the delivery valve. At X is a
small hole about the size of a pin, Y being the
end screwed into the trunk. The small piston
Z is loose and free to slide to and fro, a stop pin
being fitted as shown by the double dotted line.

When the dash-valve closes, the water that
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forces open the delivery valve acts also on Z,
and drives it towards the inlet X. When the

water recoils the valve also is drawn back and
a small quantity of air enters through the hole

X, bubbles upwards at Y, as shown by the

arrows, and is carried with the next rush of

water through the delivery valve into the air

vessel. And this is repeated at each beat of

the working valve.

Fig. 29 is a side view illustrating the prin-

ciples of another air valve. The screwed end is

fixed in the ram body pipe, the end being open
for the water to enter. When the dash-valve
closes the water is forced against a flexible cup,
shown by double dotted line at A, the air on
the opposite side and in B being expelled
through a valve at D and the pipe C, which is

connected to the air vessel above the delivery
valve. Another valve at E acts similar to the

sucker valve of a pump. Air enters through
this valve to fill the body B when the flexible

diaphragm A is drawn back by the recoil of the
drive water to the ram. By this arrangement a
small quantity of air is pumped, or forced, into

the chamber at each stroke of the dash-valve.
There are other, and patented, sniff valves

which work similar to the last one, with the ex-

ception of having a piston with cupleather
instead of the indiarubber, and a spring to aid

the recoil of the water for drawing air through
E into the chamber B. These are literally air

pumps, but it is not necessary to illustrate them,
as the principles are so very similar to those
shown by Fig. 29. Hollow indiarubber balls

have been proposed for placing in air vessels

and air pumps for working by hand for recharg-
ing, but the writer has never seen these in actual

use.

With regard to the proper sizes for the de-

livery pipes of rams it would be a difficult matter
to lay down a hard and fast rule, and we cannot
do better than use that for the delivery pipes of
lift pumps, which is, that they should not be
less than half the diameter of the barrel or, in

the case of rams, of the drive pipe.
The following table about agrees with this,
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and also some ram makers advice on the

subject :

For long distances, of % mile and upwards,
the third column should be used also in places
where proper attention is not paid to the rams
and their air vessels properly recharged when
necessary.

In many parts of the country the problem of

supplying mansions with water presents great
difficulties. The quantity may be unlimited,
but the quality not at all suitable. Or a limited

quantity of good quality may be available, but
not nearly sufficient to work a hydraulic ram.
In a case of a small supply of good water and a

plentiful supply of another kind, which would
not be suitable for domestic purposes, being
available, and circumstances are favourable,
an especially constructed ram can be used and
worked by the unsuitable water to raise that

which is good.

Fig. 30 is a section of such a patented
appliance. In the drawing F is the body pipe
to an ordinary ram, the dash-valve of which was
shown by Fig. 20, and delivery valve by Fig.
26. G is a continuation of the body pipe, and
H is an indiarubber diaphragm, the edges of

which are securely fixed between two flanges so
that no water can escape either from below

upwards or vice versd. I is an inlet valve over
the end of what may be called the suction pipe
which is continued to a well or clean water
reservoir fed by springs. At J is a valve open-
ing upwards into an air vessel similar to the

other one, and a pipe leading to the storage
cistern or reservoir.
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The action is as follows : Impure water enter-

ing the body pipe F escapes out of the dash-
valve K, which is open, and by its momentum
quickly closes the latter. The water no longer
flowing freely away, having had its escape sud-

denly arrested, the impetus is expended on the
under side of the diaphragm H, which is pushed
upwards and forces the water in L through the

FIG. 30.

valve J into the air vessel and delivery pipe
above it.

When the recoil of the drive water takes

place the diaphragm H is drawn downwards,
leaving a vacuum in L, which is filled with pure
water through the valve I from the well or

spring. And this is continuous so long as the

ram is at work and the water supply sufficient.

The two waters are separate and cannot mix,
nor can the dirty water be sent up to the mansion
so long as the diaphragm is in good condition

and free from defects.
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The air vessel and valve M can be omitted,
but if it is desired to send the foul water up to

a farmstead or garden it should be retained and
the necessary delivery pipe attached.

The two parts of the ram are bolted together
by means of flanges, but if desired to be single

acting, so that a portion of the water which
works it only is raised, the parts G L are omitted,
and a blank flange bolted on to the open end
between G and F.

When used as a pumping ram only, the whole
force of the drive water is expended on H, but
when used as a double ram, so that clean and foul

water aie both raised to their respective

positions, the force is divided, part being ex-

pended on H, and the other portion in pushing
water through the delivery valve in M. In other

words, if a single action ram was capable of

raising i,ooogals. per day, the double ram
would raise nearly the same quantity, but half

would be foul and half clean water. And these
would be delivered in opposite directions, or

to wherever the pipes were fixed.

The pumping ram will raise water from about
the same depth as an ordinary pump, and the
distance should never exceed 25 ft. in vertical

height between the water and valve I. With a
lesser height better results are obtained.
Another pumping ram is shown by Fig. 31.

A speciality in this case is that it is impossible
for the two waters to mix. This is a pumping
ram only, and does not raise any portion of the
water that works it, but only that which is

desired.

To describe the appliance : N is the inlet and
O the dash-valve, similar to those of an ordinary
ram; P is a water-tight piston working in a

cylinder, and having a rod Q to connect to a
second and smaller piston in the cylinder R, the

piston being pushed downwards by the com-
pression spring S. The air vessel T has a de-

livery valve U at the bottom and over the body
pipe V. A sucker valve with stop is fixed at W
over the suction pipe X, and Y is the delivery
pipe leading to a cistern or storage tank.
The action is as follows : The unsuitable
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water entering at N escapes at O until an
attained velocity suddenly closes the valve, when
the force is expended on the bottom of the

piston P. This raises also the piston R and

FIG. 31.

forces clean water out of V through the delivery
valve U into the air vessel, and thence to the

storage cistern.

As soon as the force of the drive water is ex-

pended the spring S presses down the pistons,

leaving a vacuum in V, which is again filled with

pure water through the sucker valve and pipeW and X.
The water is raised by what is really a force

pump, with a solid piston or plunger adapted to

work automatically by the shock of flowing
water.

Another ram specialist has patented a pump-
ing ram, as shown by Fig. 32. The dash-valve
is not shown in the figure, as it is behind the

parts illustrated. Its form was shown by Fig.

23. In the figure Z is the body pipe filled with

impure water, which is subjected to shock by
the closing of the dash-valve aS in an ordinary
ram. A is a piston sliding in a cylinder, and B
is a connecting link to a smaller piston C. The
pistons are pushed down by the arm D, which



PUMPING RAMS. 67

:s hinged at E. On the same axle are two
weighted levers F (one only can be shown in
the section), G is a sucker valve over an open-
ing to which the suction pipe is attached, H is

the delivery valve in the air vessel I, and J is

the delivery pipe leading to Che storage tank.

FIG. 32.

The ram works as follows : As soon as the
working valve is dashed onto its seating, the
water in Z is compressed" sufficiently to raise
the pistons A and C, and also the weighted
levers F. On rising, the piston C pushes the
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water out of K through the delivery valve H
into the air vessel, and thence through the pipe
J. As soon as the shock of the drive water is

overcome, the weighted lever F actuates lever

D, and presses the two pistons A and C down
to their original positions, leaving a vacuum at

K, which is again filled with water through the

sucker valve and pipe at G.
With this appliance the waters cannot mix,

nor the clean or pure water be contaminated by
that which works the ram.

In the two foregoing appliances the pump
pistons or plungers had their direction of travel

FIG. 33.

reversed, to form a vacuum in the suction

chamber, by means of springs or weighted
levers. Efforts have been made to obtain the

same results by the pressure of water, and Fig.

33 is a section of a patented appliance for that

purpose.
In the drawing, L, is the drive-pipe, supplied

with foul water for working the ram; M is the

dash-valve over the body pipe N; O is a piston
with a connecting link P to a second piston Q.
This latter is hollow, with a plunger, R, inside.

The hollow piston works in the larger cylinder,
which may be termed the "barrel," and the

plunger in a smaller cylinder X, as shown in the

figure. A sucker valve and pipe are attached
to the larger cylinder, but are

t
not shown in the

figure. At S is the delivery valve opening into
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the air-chamber T, and U is the delivery pipe;
V is a small valve through which some of the

water is forced when the ram is working, and
which does not quite close, the adjusting screw
W regulating the size of the opening; Y is a
lever with connecting link Z, for working the

ram until sufficient water has been raised to

form a head for pushing back the plunger R, or

for working the ram by hand in cases of emerg-
ency, such as failure of the working supply.
The action is as follows : The driving water

acts upon the dash-valve M in the same manner
as with ordinary rams, and the shock drives

the piston O, pushing the piston Q and forcing
clean water through S, the piston sliding past
the opening, thus gradually closing the orifice

and minimising shock in the body pipe.
As soon as the force of the driving water is

expended a portion returns through the small
valve V into X, and pushes the pistons back
into their original positions. The force of this

back pressure is equal to the head of water in

the delivery pipe acting upon the end of the
solid piston R.

In a modification of the same patent the

opening or connection between the valves S and
V is omitted and a pipe substituted for the plug
over the valve V, continued to a small tank
fixed at the necessary height for giving suffi-

cient head for pushing back the pistons. In

this arrangement the same back-pressure water
is constantly re-used and simply rises and falls

in the pipe leading to the tank at each to-and-
fro movement of the pistons. With this latter

arrangement there may be said to be three
water supplies, namely, that which drives the

pistons forward, that which pushes them back,
and that which is pumped. The back-pressure
tank can be filled by hand or any other means,
and as there is no waste of the water, would

require very little attention.

All the pumping rams that have been
described are limited in the depth from which

they will raise water, in the same manner as any
other kind of pumps, the limit being as was

given when describing Fig. 30.
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In many places the water supply is very limited

and not sufficient for continuously working a

ram. Or the supply may be plentiful during
certain seasons and become reduced in others

which are drier. This is especially the case

when fed from intermittent springs, or when the

water has to be collected from a catching area

similar to that shown by Fig. 4.

In such cases the feed water tank or reser-

voir, where possible, has to be of a good size

for storing the supply when plentiful. But there

are many places where this is impracticable, or

.
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FIG. 34.

where the water could not be stored at a suffi-

cient height for giving the necessary head.

Where ttie ram is "close at home" so that it

can be frequently visited, the valve shown by

Fig. 5 can be dropped by hand when the

supply is exhausted, and again opened when the

tank has re-filled.

But when a mile or two away from the house

such attention cannot very well be given, and it
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becomes necessary to fix an automatic acting

arrangement for closing the valve when the

supply fails to yield sufficient for working the

ram, and re-opening it when the water has again
accumulated.

Fig. 34 is a sketch section of a primitive
appliance the writer once saw and which was
found to be answering fairly satisfactory,

although some of the water was wasted. In
the sketch A was a brick built tank, filled by
small springs in a wood, B a drop valve with a
chain to the hinged lever, C. On the outer end
of the lever a bucket, D, was suspended and
this was filled when the tank overflowed

through the pipe, E. The full bucket was

heavy enough to pull down the lever and open
the valve.

The bucket had a small hole in the bottom so

that, when the tank ceased to overflow, it

gradually emptied, allowed the valve to close,
and thus stopped the ram from working. When
the tank again overflowed and filled the bucket
the valve was again opened and the ram re-

started .

On studying the arrangement it will be
noticed that so long as the supply is plentiful
the ram will work, but will stop when the tank
ceases to overflow.

Without it the dribble into the tank during a

dry season would flow away through the ram, as
the force would not be sufficient to close the

dash-valve, and be wasted; but with it a small

portion is raised by the ram, and that is far

better than having none at all.

A better appliance than the bucket with
the hole in the bottom would be to suspend a

properly - constructed rectangular vessel, with

guides to keep it steady and a syphon pipe
arranged for automatically emptying the con-
tents back into the feed tank when the water in

the latter had lowered to a certain level. This
would save a few gallons from being wasted
each time the supply ran short, and also enable
the counterpoise to act more quickly. Neither
would any of the water be running to waste
when the counterpoise tank was filling.
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A much better arrangement is the patented

appliance shown by Fig. 35. In the drawing
F is the body fixed on the end of the drive pipe
in the feed tank, G is a valve fixed on the lever,

H, which is attached to another lever, I, and
which is hinged at J. At the end of the latter

lever is a copper ball, K, with a stem pinned to

the lever, I, and which can be adjusted to any
desired length. The left-hand end of I is

cranked, and to it is attached a spindle, L, with

a weight, M; N is a jointed stud hinged to I

FIG. 35.

with a slotted cam arm and adjusting screw. A
small roller on the top of N supports the

weighted spindle L, and O is a rest for the latter

when the valve is open
The action is as follows: Assuming the details

to be in the positions shown, the valve G is shut

and no water can flow down the drive-pipe, F,

the tank being nearly empty. As the tank fills

the ball, K, rises to the position shown by dotted

lines and raises the lever, I, with the attach-

ment, N. This presses against L and pushes it
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upwards until the whole is sufficiently high for

the weight, M, to be beyond the centre of

gravity and it falls against the rest bar, O. This

part of the motion is so sudden that the valve,

G, is quickly opened, the force being sufficient

to overcome not only the outside pressure of

water against the valve, but also the weight of

that inside the pipe.
When the tank is filled, and contains sufficient

to work the ram, the whole of the arrangements
are as shown by dotted lines; but if the supply
fails, the float, K, lowers and actuates the various

levers until the weight, M, is on the reverse side

of the centre of gravity, when it falls forward
and closes the valve, G, as shown by firm lines.

There is no doubt that this is a valuable ap-

pliance for using where the supply to a ram is

meagre or intermittent, as not a drop of water
need be wasted.

Hydraulic rams are almost invariably fixed at

some distance from the dwelling, sometimes a
mile or two away, and it follows that they should
be protected not only from frost but also from

injury by cattle or men or boys led by curiosity
to tamper with them.
The best position is in an underground

chamber; when very deep the entry being
through a trap-door in a frame at the surface, or
a few inches above ground level, and an iron

ladder, or step-irons, built in the wall, either of
which occupies but little room, for getting
down
When the ram is nearer the surface the

entrance can be by means of outside steps
built at the same time as the ram house, a door

hung to open inwards, and a drain made for

taking away rain water from the bottom

landing.
In some cases it is necessary to fix wood flaps

over the stairs or steps, or a railing for preventing
cattle falling down. The former is the best, as
in the winter time it is easier to clear the snow
off the covers than to dig it out from the sunken

steps should the ram require attention. Under-
ground houses are best built circular on plan
and have domed brickwork, or stone roofs.
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The diameter should be from 4 ft. to 6 ft.,

according to the size of the ram, or if duplicate
rams are fixed; and the height should not be
less than 6 ft. if possible to get it.

When the ram can be fixed above ground a
house about 8 ft. x 5 ft. inside measurement is a
convenient size. Such houses have to be
roofed, and plain tiles or stone shingles are

good for the purpose. In a house of this kind
the writer had to do with, the roof was boarded,
then felted and battened before tiling, for keep-
ing out frost. In the gable ends, openings were
left for ventilation, but these were afterwards
blocked up for keeping out birds, with the result

that in about three years the rafters and board-

ing began to rot. The reek, or vapour, from
the water could not escape, with the results as
stated.

Incidentally it may be mentioned that the
water to hydraulic rams very rarely freezes so

long as they are working, and even during the
coldest weather it is not necessary to stop up all

ventilation in an above-ground house. It is,

however, advisable to have all openings above
the level of the ram, so that a sharp current of
cold air cannot impinge against it.

The entrances to ram houses of any kind
should be locked, and for this brass padlocks or
oak rim locks are the best.

As the greatest force of the water shock
occurs near the ram it is important that the
latter should be well fixed, either to an oak
base secured with concrete, or to a stone or
concrete floor. The force of the water has a

tendency to push the ram from the drive-pipe,
and by fixing the former an opposing force is

offered. Under great heads the leaded joint to

the body-pipe is sometimes blown, and the

flanged connections to the ram or stop-valve
broken.
All ram houses should be paved and drained

and provision made for the tail water to flow

freely away. Although some rams will work
when flooded or with the dash-valve under

water, they will do so much better when there

is no back wa'er to interfere with them.
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As all rams are manufactured by specialists
it is very difficult tor plumbers to properly
repair them unless they have the proper
fittings. Many at work have been repaired
and parts replaced with totally unsuitable

pieces. Such rams are always in trouble, and
the cost of frequent repairs is a permanent tax

on their owners. In one instance the writer saw
outside a ram-house no less than nine old iron

dash-valves. Their number and variation in

size and weight was proof that the ram had been
a considerable source of trouble.

When ordering a new ram, the working parts
or valves should be in duplicate, so that when
one is much worn or breaks down it can be ex-

changed in a very short time; the broken or

defective valve being sent to the makers and re-

paired, or renewed if necessary, ready for refixing
when occasion requires. Not only is there a

saving in the cost of repairs, but the plumber
who has to do the work gives more satisfaction

to his client and the reputation of the ram
maker is not injured. It may be added, this

applies to all kinds of especial fittings used by
plumbers.

Country, especially estate, plumbers have ad-

vantages over those who work in large towns in

that they frequently have to do a great deal with

rams. There is many a ram fixed which may be
said to have a "

temper of its own," and the

plumber who is usually called in to adjust, or

repair it, can often succeed much better than a

stranger would in making it work properly.
If all rams were exactly alike and worked

under similar conditions, rules could be formu-
lated for their fixing, adjusting or regulating.
But as the conditions vary both with regard to

size of ram, quantity and head of drive water,

length and size of drive and delivery pipes, and
the quantity and height delivered, it follows that

each one has to be studied under its especial
conditions. There are a few empirical rules, or

those based on practical experience, but they
are only suitable for conditions which are

exactly similar in all details to those from which

they were deduced. At the same time they
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form a basis for making calculations which, if

not exactly, are approximately, correct.

Sometimes a machine will work satisfactorily
for a time and then stop, there being some
difficulty in finding the reason. In many such
cases experiment will often succeed when theory
fails. But it must be admitted that the plumber
who knows the theory will be better able to

make the right experiment than the one who is

ignorant of the principles upon which the work-

ing of rams is based.
One great cause of rams stopping working,

after being in use for some time, is the reduction
in area, and roughness inside, of the drive pipe
caused by rusting. The head of water may be
sufficient for dashing the valve onto its seating,
but the force of the recoil is so small, by reason
of excessive friction in the drive pipe, that the
valve will not open properly for the next stroke
to be efficient. In some such cases the valve

will, at times, be found to chatter; and a ram
with a chattering dash-valve is always uncertain
in its action and liable to stop.
The writer once found the drive-pipe to be

lined inside with a kind of slime, and this was
traced to ducks being kept in the small lake

which supplied the ram. On passing a small

bundle of nne wire netting through the pipe the

slime was removed and the ram then worked

properly.
If the drive pipe leaks the water will not

recoil sufficiently to open the dash-valve and the

ram will cease working.
Air in the drive pipe has an injurious effect.

"Clear" or "straight-way," valves should

always be used, as has before been ex-

plained. Ordinary stop valves with a circuitous

water-way through them should never be used,
as a small quantity of air is frequently pent up
inside and cannot escape.
The extra friction of the water when passing

through a bend, especially when fixed near the

ram, will sometimes affect the recoil and cause
the dash-valve to hang up.
Some of the patented rams have long or

short strokes, and adjust themselves to the work
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they are doing. But those of ordinary make
have to be regulated, by washers or screws,

according to the length of the drive-pipes and
heads of water above the rams. In such cases

the length of stroke should be so regulated as

to be as long as possible, as a ram with a short

stroke is more liable to stop than one which has
a longer stroke.

When an air-vessel is water-logged the resist-

ance is so great that the delivery valve will not

open, and this will sometimes stop the ram,

owing to an insufficient recoil of the drive

water.

In one instance the height to which the water
was delivered was so low, and the air pressure
inside the vessel so small, that when the shock
of the dash-valve took place water was pushed
through the delivery-valve for a second or two
afterwards. This resulted in the momentum
of the drive water being slowly arrested, and
there was no recoil. By constantly pushing
down the dash-valve by hand a considerable

quantity of water was raised, but when left to

itself the the ram immediately stopped.
A case almost similar to the latter, in a Mid-

land county, was for a time a considerable
cause of anxiety. Two rams were fixed in a

pit about 1 5 ft. below ground level in the

position shown at P, Fig. 36. Q, R, and S
were cisterns averaging about 1,000 gals, each,
fixed in brewhouse, stables and mansion at

heights of about 35 ft, 25 ft. and 65 ft. respec-

tively above the ram; R in the stables was
about ico yards distant. The water supply was

only sufficient for working one ram at a time,
the other being in reserve in case of a break-
down. They were both connected to the same
rising main, but had separate drive-pipes.
Ball-valves were fixed to Q and R, but the pipe
to S had an open end.

Each ram could be regulated to raise water
to either cistern separately, but not to fill all of

them in succession. When adjusted for filling

the highest cistern the ram immediately stopped
when water rah into the lowest cistern, and
vice versa.
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Experiment having failed to solve the
problem, it was decided to calculate the flow-

energy exerted on the ram and compare it with
the work done in raising water to each cistern

respectively, and the result showed a wide
difference.

As the rams would do what was required to
each cistern separately, it was considered
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FIG. 36.

that neither they nor their drive-pipes need be

altered, and the trouble could be overcome by
making the work of raising water uniform to

each cistern.

And to do this, square-headed stop-cocks
were fixed at T and U and closed until the

resistance, as shown by a pressure-gauge, was
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found to be equal to each cistern. The rams
then worked satisfactorily, and there was the

further advantage that S always had water

running into it and did not have to wait for its

supply until the lower cisterns were rilled. But
when the latter were filled and the ball-cocks

closed a stronger stream went up to S.

It may be added that ordinary stop-valves
were fixed in the delivery pipes when neces-

sary to shut off the supply to the cisterns and
instructions given that the other, or regulating

cocks, were never to be turned nor interfered

with in any way.
Another cause of rams stopping working is a

variation in the head of drive-water, and this is

very common where supplied by intermittent

springs. Or the supply may be so lowered that

air is carried in with the water. In such
cases the dash-valves will sometimes chatter for

a few seconds and eventually remain closed ; or

if the dash-valve is a very heavy one it will

remain open.

When the leaded joints in a cast iron drive-

pipe "blow," it is a difficult matter to make
them sound. In some cases it is a real economy
to go to some trouble and melt out the old lead

and remake the joints, using rod lead instead of

ordinary yarn. Two or three cold lead rings or

bands, to be well caulked in, and the sockets

then filled with molten lead, used as cold as

possible so as not to shrink much, and then

staved in the usual manner. Or the socket and

spicket ends can be made red-hot to burn off

anything which would prevent them rusting,
and then make the joints with the rust cement
which has been described.

There are many peculiarities attached to the

working of hydraulic rams, and it is almost

impossible to describe them all. The theory of

their working may be clearly understood, but
there are so many variations in their fitting up
and the work extracted from them, that it may
sometimes appear to be at fault. But upon
giving further thought to the subject it would

appear to be rather a difficulty in getting at all
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the facts upon which to base it than that theory

itself was wrong.
That hydraulic rams are valuable appliances,

and under favourable conditions the most

economical that can be used for raising

moderate quantities of water, is evidenced by the

number that are giving satisfactory results in

various parts of the country.
And that those who have to fit up or repair

them may have at least an elementary know-

ledge of their action and working is the object

and aim of the writer in publishing these

lectures.
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THE END.
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technic Institute, London. With nearly 700 Illustrations,

fully dimensioned. Crown 8vo, cloth. Price 3s., Net 2s. 6d.

"An excellent and trustworthy little treatise, prepared and illustrated in a very
thorough and practical spirit." The Builder.

" The illustrations are accurate and clear, every part having the dimensions figured."

Building News,

SECOND EDITION, REVISED AND ENLARGED (9ra THOUSAND).

BUILDING CONSTRUCTION. ADVANCED AND HONOURS
COURSES. By CHARLES F. MITCHELL. For the use of

Students preparing for the Examinations of the Science and
Art Department, the Royal Institute of British Architects,

the Surveyors' Institution, the City Guilds, &c., &c. Con-

taining 552 pp. of Text, with over 280 Illustrations, fully
dimensioned. Crown 8vo, cloth. Price 5s. Qd., Net 4s. Qd.

"Mr. Mitchell's two books form unquestionably the best guide to all the mechanical

part of architecture which any student can obtain at the present moment. In fact, so far

as it is possible for any one to compile a satisfactory treatise on building construction, Mr.
Mitchell has performed the task as well as it can be performed." The Builder (Feb. 4.th, 1890. )

Mr. J. T. HURST, Author of the well-known Surveyor's Handbook, says :

"
It is a most

admirable work for Students and Young Men engaged in Building. . . . Very complete
and accurate."

"The author has kept in view the requirements of his own students, and has in this

advanced course touched on many matters which are only dealt with in a very elementary
manner in his earlier work. . . . We find it up-to-date and concisely arranged. . . .

The illustrations are well drawn and numerous." Building News.

"A valuable text-book for students." R.LB.A. Journal



THE PLUMBER AND SANITARY HOUSES. A prac-
tical Treatise on the Principles of Internal Plumbing Work ;

or the best means for effectually excluding Noxious Gases

from our Houses. With a Chapter on Cowl Testing. By S.

STEVENS HELLYER. Sixth Edition, revised and enlarged.

Containing 27 lithographic Plates and 262 woodcut Illustra-

tions. Thick royal Svo, cloth. Price 12s. Gd., Net 10*. Qd.

"An exhaustive treatise on the subject ofHouse Sanitation, comprising all that relates

to Drainage, Ventilation, and Water Supply within and appertaining to the house, not only

pointing out what are the best methods and apparatus, but also showing what appliances
should be avoided, and the reasons for and against." Journal of the lioyal Institute q/

British Architects.

"The best Treatise existing on Practical Plumbing." Builder.

HOUSE DRAINAGE. A Handbook for Architects and

Building Inspectors. By G. A. T. MIDDLETON, A.R.I. B.A.,

Author of " Stresses and Thrusts." Second Edition,

revised. Illustrated by 22 Plates and Diagrams. Crown

Svo, cloth. Price 3s. 6c?., Net 3s.

"In this little book Mr. Middleton enunciates the accepted principles of House
Drainage. . . . The diagrams are drawn to a good scale." Building News.

FARM BUILDINGS : their Construction and Arrangement.

By A. DUDLEY CLARKE, F.S.I. Third Edition, revised and much

enlarged. With new chapters on Cottages, Homesteads for

Small Holdings, Iron and Wood Roofs, Repairs and Materials,

Notes on Sanitary Matters, &c. With 52 full-page and other

Illustrations of plans, elevations, sections, details of construc-

tion, &c. Crown Svo, cloth. Price 6s. net.

ADOPTED AS THE TEXT-BOOK BY THE SURVEYORS' INSTITUTION.
" A book written from a practical standpoint. . . , The plans are excellent."

Builder.
" Both for the construction of new and the modernising of old buildings the book may

be consulted with the fullest confidence." Land Agents' Record.

STABLE BUILDING AND STABLE FITTING. A
Handbook for the Use of Architects, Builders, and Horse

Owners. By BYNG GIRAUD, Architect. With 56 Plates and

72 Illustrations in the Text. Square crown Svo, cloth.

Price 7s. 6d., Net 6s.

CONTENTS. I. General Remarks ; II. Planning and Arrangement ;

III. Construction ;
IV. Drainage ;

V. Paving ;
VI. Ventilating ;

VII. Fittings and Details.
" Contains a great deal of varied and useful information on the subject stored up within

a small compass. . . . Mr. Giraud has had a wide and varied experience, and he has

given it out for the benefit of others in a way which cannot fail to make it most thoroughly
useful to all practically interested in the matter." British Architect.

HORTICULTURAL BUILDINGS: THEIR CONSTRUCTION,

HEATING, INTERIOR FITTINGS, &c. By F. A. FAWKES. Con-

taining 300 pages of text and 123 Illustrations. Crown 8vo,

paper cover. Price Is.



LINEAR PERSPECTIVE. ByG.A.T.MroDLETON,A.R.I.B.A.,
Author of " Stresses and Thrusts," &c. Containing 17 Illus-

trations. Crown 8vo, paper boards. Price Is.

"A clever summary of the art of Architectural perspective." Education.

"Will be found of service to the student in clearing up difficulties in the pursuit of

this very essential branch of the Architect's profession. Mr. Middleton writes clearly and

concisely, and anticipates those elementary difficulties which often beset the beginner.
. . . The diagrams and examples are well selected, and there are some useful remarks
on shadows and reflections." The Building News.

STRESSES AND THRUSTS. A Text Book for Architec-

tural Students. By G. A. T. MIDDLETON, A.R.I.B.A. Being a

revised and enlarged edition of " Strains in Structures."

With 116 Illustrative Diagrams. Svo, cloth. Price 5s., Net 4s.

" From its simplicity and clearness, this little handbook is particularly well suited to

the needs of students, to whose perusal it is commended." A. A. Notes.

"The two systems of arriving at stresses in girders are explained together, and the

graphic method is dealt with in the latter part of the book with great clearness, and makes
it useful to Architects, Engineers, and Students." The Engineer.

DANGEROUS STRUCTURES. A Handbook for Prac-

tical Men. By GEO. H. BLAGROVE, Author of "
Shoring, and

its Application." Crown Svo, cloth. Price 3s., Net 2s. 6d.

CONTENTS. Chapter I. Foundations
;

II. Walls and Piers
;

III. Roofs; IV. Arches; V. Lofty Structures; VI. Stone Lintels;
VII. Timber Beams

;
VIII. Ties; IX. Struts; X. Theory ^of Shoring.

"We recommend this book to all young Architects and Students of Building."
The Architect.

TREATISE ON SHORING AND UNDERPINNING,
and generally dealing with Dangerous Structures. By C. H.

STOCK, Architect and Surveyor. With numerous Illustrations

on 10 Lithographic Plates. Second Edit., revised by F. K.

FARROW, F.RI.B.A. Large Svo, cloth. Price 4s. Qd., Net 3s 9cf.

"The treatise is a valuable addition to the practical library of the architect and
builder. Mr. Stock's little treatise will serve also another purpose : it will supply a useful

guide to those requiring to pass the new examination of the R.I.B.A., and the author has,
with this intention, made his compilation as comprehensive as possible. We heartily
recommend it to all readers." Building News.

FORTY PLATES ON BUILDING CONSTRUC-
TION. Including Brickwork, Masonry, Carpentry, Joinery,

Plumbing, Constructional Ironwork, &c., c. By C. F.

MITCHELL. Revised by Technical Teachers at the Polytechnic
Institute. The size of the Plates is 20 in. by 12 in. Price, in

sheets, 5s. Qd. net; or bound in cloth, price 10s. 6d., Net 8s. Qd,

ARCHITECT'S JOINERY AND ITS ORNAMEN-
TATION. By F. A. FAWKES. With 63 full-page Photo-

graphic Plates, exhibiting very numerous examples of plain
and enriched Mouldings, Architraves, Doors, Over-Doors,

Panelling, Mantels, Over-Mantels, &c. New and enlarged
Edition. Large 4to, fancy boards. Price 5s. net.



6

DICTIONARY OF TERMS USED IN ARCHITEC-
TURAL DESIGN AND BUILDING CONSTRUC-
TION. Giving Practical Descriptions, with Technical

Details of the various subjects. With derivations of, and
French and German equivalents for, the various terms.

By R. S. BURN, Architect, Author of " The Guide to Masonry,

Bricklaying and Plastering,"
" The Guide to Carpentry and

Joinery," &c. Containing nearly 300 pp. of Text and
38 full-page Plates. Large 8vo, cloth. Price 5s., Net 4s.

" This is a bulky book of nearly 300 pastes printed in double columns of small type.
The author has brought a vast amount of diligence and research to bear upon the work,
which dissects and explains all the constituent parts of buildings, from a cathedral at one
end of the gamut to a coal cellar at the other. ... It is generally reliable and undoubtedly
of great use." The Builder's Journal.

LUNATIC ASYLUMS. Notes on the Planning of. By G.

H. BIBBY, Architect, F.R.I. B. A. Containing 132 pages of

Text. Paper boards. Price 2s. net.

THE BUILDING OF WORKHOUSES. By G. H. BIBBY,
F.R.I.B.A. Containing 89 pages of Text and 8 folding Plans.

Crown 8vo, boards. Price 2s. net.

WOOD : ITS USB AS A CONSTRUCTIVE MATERIAL. By W.
STEVENSON, Author of "The Trees of Commerce." Containing
50 Illustrations. Crown 8vo, cloth. Price 4s. Qd., Net 4s.

"The author has devoted a lifetime to the study of the. growth, peculiarities and
nature of trees, the purposes to which timber is applied, its use as a building material, &e.
Hence the knowledge so gained enables him to write with authority on these subjects. . . .

The book contains a variety of useful information for Architects, Builders, &c."
The Estates Gazette.

DRY ROT IN TIMBER. By W. H. BIDLAKB, M.A.,
A.R.I.B.A. With numerous Diagrams on two Plates. 8vo,
cloth. Price Is. 6d, Net Is. 3d.

" Deals with the question from a botanical point of view first, and then as to the

practical measures to be taken to prevent dry rot occurring, or if it does get a hold, how
to dislodge it as quickly and effectively as possible. Mr. Bidlake's contribution to the

subject is a thoroughly practical and useful one." The British Architect.

HOT WATER HEATING, on the Low Pressure
System. Comprising the Principles involved

;
an Explana-

tion of the Apparatus and its Parts
;
also its application to

Buildings of Various Kinds. By F. A. FAWKES, Author of
" Horticultural Buildings,"

"
Architect's Joinery," &c. With

32 Illustrations. 12mo. Price Is.

SPECIFICATIONS. For the Use of Surveyors, Architects,

Builders, &c. By J. LEANING, F.S.I., Author of " Conduct
of Building Work,"

"
Quantity Surveying," &c. New

Edition, revised and enlarged. 8vo, cloth. Price 4s.,

Net 3s. 4c/.

" One of the best guides to Specification Writing we know of." The Building News.



The mod Complete and Valuable Work ever issued on any Craft.

PLASTERING PLAIN AND DECORATIVE. A
Practical Treatise on the Art and Craft of Plastering and

Modelling. Including full descriptions of the various Tools,

Materials, Processes and Appliances employed. With over
50 full-page Plates, and about 500 smaller Illustrations in

the Text. By WILLIAM MILLAR. With an Introduction by
G. T. ROBINSON, F.S.A. Second Edition revised (1900). Thick

4to, cloth, containing 600 pages of Text. Price 18s. net.
" This nevp and in many senses remarkable treatise . . . Unquestionably contains an

immense amount of valuable first-hand information. . . . 'Millar on Plastering' may
be expected to be the standard authority on the subject for many years to come, and we
congratulate the author on having left such a legacy to his craft as 'will connect his name
with it as intimately and as durably as that of Tredgold with Carpentry. ... A truly
monumental work." The Builder.

"No craftsman ever better earned the thanks of his fellow-workmen than Mr. Millar.
The subject has been treated so well and so fully from a practical point of view that it is

not easy to see how this admirable work can ever be superseded." The British Architect.

" So vast it might be called an encyclopedia of plastering . . . THE BOOK is OF PHE-
NOMENAL CHEAPNESS AND INTEREST, AND WE CORDIALLY RECOMMEND IT." The Architect.

CONCRETE : ITS USE IN BUILDING. By THOMAS
POTTER. Second Edition, greatly enlarged. Containing
500 pp. of Text, and 100 Illustrations. 2 vols., crown 8vo,
cloth. Price 7s. 6d.

,
Net 6s. 3d.

This work deals with walls, paving, roofs, floors, and other details of
Concrete Construction, and fully describes the latest methods for ren-

dering buildings fire-proof.

"A very useful treatise on Concrete, and its practical application to building."
The Building News.

A HANDBOOK OF ORNAMENT. With 300 Plates,

containing about 3,000 Illustrations of the Elements and the

application of Decoration to Objects. By F. S. MEYER, Pro-

fessor at the School of Applied Art, Karlsruhe. Third English
Edition, revised by HUGH STANNUS, Lecturer on Applied Art
at the National Art Schools, South Kensington. Thick 8vo,
cloth gilt. Price 12s. 6d, Net 10s.

" A Library, a Museum, an Encyclopaedia, and an Art School in one. To rival it as a
book of reference, one must lill a bookcase. . . . The Work is practically an epitome of
a hundred Works on Design." The Studio.

A HANDBOOK OF ART SMITHING. For the use of

Practical Smiths, Designers of Ironwork, Architects, and in

Art and Technical Schools. By F. S. MEYER, Author of " A
Handbook of Ornament," With an Introduction to the

English Edition by J. STARKIE GARDNER. Containing 214
Illustrations. Demy 8vo, cloth. Price 6s., Net 5s.

" An excellent, clear and intelligent, and, so far as its size permits, complete account
of the craft of working in iron for decorative purposes." The Athenceum.



THE HISTORIC STYLES OF ORNAMENT. Con-

taining 1,500 Examples of the Ornament of all Countries and

Periods, exhibited in 100 Plates, mostly printed in gold and

colours. With Historical and Descriptive Text (containing
136 Illustrations), translated from the German of H.

DOLMETSCH. Small folio, cloth gilt. Price 25s. net.

A well-selected "Grammar of Ornament," which gives pavticuLir
attention to the Art of the Renaissance. It has been sought to unite in

it comprehensiveness and moderation of price.

THE ARCHITECTURE OF THE RENAISSANCE IN
ITALY. A General \

7iew for the Use of Students and

Others. By WILLIAM J. ANDERSON, A.R.I.B.A., Director of

Architecture at the Glasgow School of Art. Containing 64

full-page Plates, mostly reproduced from Photographs, and 98

Illustrations in Text. Second Edition, revised and enlarged.

Large 8vo, cloth. Price 12s. Qd. net.
" A delightful and scholarly book, which should prove a boon not only to architects

and students, but also to clients of 'the profession.'"
Journal of the Royal Institute of British Architects.

A HISTORY OF ARCHITECTURE. FOR THE STUDENT,

CRAFTSMAN, AND AMATEUR. Being a Comparative View of

the Historical Styles from the Earliest Period. By Professor

BANISTER FLETCHER, F.R.I.B.A., and B. F. FLETCHER,
A.R.I. B.A. With 115 Plates, mostly printed in Collotype
from large Photographs, and other Illustrations in the text.

Third Edition, revised. Thick crown 8vo, cloth gilt. Price

12s. 6rf., Net 10s.
" We shall be amazed if it is not immediately recognised and adopted as par excellence

the student's manual of the history of architecture." A rchitect.
"
Concisely written and profusely illustrated by plates of all the typical buildings of

each country and period It will fill a void in our literature." Building News.

THE ORDERS OF ARCHITECTURE. Greek, Roman
and Italian. Selected from Normand's Parallels and other

Authorities, with six Original Plates, specially prepared for

this Work. Edited with Notes by R. PHENE SPIERS, F.S.A.

Third Edition, revised and enlarged, containing 26 Plates.

Imperial 4to, cloth. Price 10s. 6</., Net 8s. Gd.
" A most useful work for architectural students. . . . Mr. Spiers has done excel-

lent service in editing this work, and his notes on the plates are very appropriate and
useful." British Architect.

BUNGALOWS AND COUNTRY RESIDENCES. A
Series of Designs and Examples of Recently Executed Works.

By R. A. BRIGGS, F.R.I. B.A. Fourth and Enlarged Edition,

containing 45 Photo-lithographic Plates, with descriptions,

including Prices. 4to, cloth. Price 12s. 6d, Net 10s.
" The views given embrace such a variety of style, and such charm of treatment, both

internal and external, that he would be hard to please who could not find among them a

design of a cottage or bungalow to suit both his pocket and his aesthetic tastes."

St. James's Budget.

B. T. BATSFORD, 94, HIGH HOLBORN, LONDON.
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