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THE HYDRAULIC RAM FOR USE IN PUBLIC WATER 

WORKS SYSTEMS. 

DANIEL W. MEAD, ROCKFORD. 

The hydraulic ram, although it is considered to some extent in 
most works on mechanics and hydraulics, and although it is illus
trated and described in most works on physics, is probably less 
understood than any machine which has been so long before the 
public. 

The discovery of the underlying principle of the ram and the merit 
of its first application is undoubtedly due to John Whitehurst, of 
Derby, England, who in 17i5 firs� called the attention of the public 
to this invention through a communication to the Royal Society. 
In lif!G 1\1. Joseph Michael de Montgolfier, who was apparently not 
informed concerning Whitehurst's discovery, invented a machine 
acting on the same fundamental principle, but in some respects 
greatly improved. Whitehurst's ram was operated by the opening 
and closing of a waste valve which was accomplished by hand, while 
Montgolfier's invention accomplished the same results automatically 
and made the machine of practical use. Montgolfier also named the 
machine "Le Belier Hydraulique," from which the name "hydraulic 
ram" is derived, a name which it has ever since borne. 

In 1797, Matthew Boulton, with M. Montgolfier's consent, took 
out the first English patent for an automatic hydraulic ram. 
Although from that time to the present, many modifications have 
been suggested and numerous patents have been issued, both in 
England, the United States and in Europe, the use of the ram had 
not become as wide as its iow cost, simplicity of structure, ease of 
operation and efficiency would seem to warrant. This has been 
largely due, no doubt, to the lack of available information concerning 
the limiting conditions under which the ram is applicable. 

The necessary size of the ram and the size and length of drive 
and delivery pipes are, in practice, generally determined by rules of 
thumb, and where conditions are at all unusual the results are often 
failures. Besides this, the nature of the valve most commonly used 
has been such that with long drive pipes or high falls, the machine 
would be either destroyed or quickly worn out. Hence the applica
tion of the ram has been to small supplies and under moderate heads 
and its use has not been greatly extended beyond these limits. 

-



-{-

In this coun�ry most jobbing houses that handle pumps and 
similar goods, handle also small hydraulic rams. The type handled 
is quite similar in all cases, and the amount of water which the ram 
will utilize for both power and supply, in no case with which the 
writer is familiar, will exceed 350 gallons per minute; thi-: size being 
an extraordinary one for the common type and only attempted by 
one firm of manufacturers. The machines vary with this as a max
imum capacity to as low as one-half gallon per minute as minimum 
capacity. The proportion of these amounts of water whirch can be 
forced into the desired tank or reservoir, varies, of course, with the 
relation between the supply head under which the ram received the 
water and the delivery head against which it forces the water. 

The principle which underlies 
all types of hydraulic rams is 
simple and is of constant applica
tion in daily life. In driving a 
nail, for example, the weight of 
the hammer resting on the nail 
is not ordinarily sufficient to im
bed it in the wood. (See J<'ig. 1.) 
To drive the nail we give the 

-- -- hammer a certain velocity, from
Fig. 1. cog;,'f��\;J,'�t���ei'i��1,',;_vrincip!e which it acquires a momentum
which produces results that the weight of the hammer alone cannot 
accomplish. This principle is also utilized to great advantage in 
splitting wood, in pile driving, etc. In the hydraulic ram, a eol
mnn of water acts both as the hammer and as the resistance. The 
column of water is set in motion by opening a waste .-alve, and 
after a certain velocity is acquired, the waste valve is suddenly 
closed. The moving column has, by this means, acquired certain 
energy which it expends in forcing a portion of its volume through 
a check valve and to a 
higher head than its 
source. This operation 
being repeated at fre
quent intervals, produces 
a flow of water in the 
desired direction and to 
the desired height, if the 
proper construction is 
obtained and proper con
ditions are observed. 

A 

K 

D 

In Whitehurst's ram, 
(s F. 9 ) · Fig 2. The fil'st Hydl'aulic Harn, invented by ,John ee '1g. .... a reserv01r, Whitehurst, about 1,n. 
A, furnished the supply which passed through the drive pipe, D, 
which is also connected with an escape pipe. E. ·when the escape 
Yah·e, F, is opened, the water from A passes through the pipes D 

!' 
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and E, acqmrmg a certain velocity. If the valve F be closed 
quickly, the flowing water produces a greater pressure than that 
due to its head and if the velocity be sufficient the check valve C is 
opened and a portion of the water passes into the air chamber H, 
from whence as more is added to it, it passes up the delivery pipe I, 
to the reservoir K, at a higher elevation than its source A. 

A 

D 

Montgolfier's improvement, as 
has been previously stated, con
sisted in making the opening 
and closing of the escape valve 
automatic, thus producing a ma
chine of practical value. The 
CQnstruction of the original ma
chine will be readily understood 
by reference to Fig. 3, which is 
lettered similar to that of White
hurst's ram. In this case, the 
waste valve F, (which is also 
called the escape valve, pulse 
valve and impetus valve) is open

Fig. :i. Montgo\fipr's first Hydraullc Ram,1796 ed by the weight f, the water 
rushes through the valve opening and after gaining a certain veloc
ity, closes the valve and developes in this manner the impulse or 
momentum which opens the check valve C, and forces a portion of 
the water into the air chamber, and through it and the delivery pipe 
to the receiving reservoir. As the impulse is expended and the 
pressure becomes normal, the escape valve again opens and the oper
ation is again repeated. 

Later Montgolfiel' designed the improved ram shown in :B�ig. 4, 
which with small variation, is the ram now in general use. In this 
ram, and most of its successors, the opening of the waste valve F is 
on the upper side of the drive pipe and the valve opens by its own 
weight, falling by gravity away from its seat, and is closed when 
the required velocity is developed by 
the pressure of the column of water 
which rushes by it through the valve 
opening. 

The ordinary type of ram which is 
furnished by supply houses in the 
United States, is shown in section in 
Fig. 5, and Figs. 6 and 7 show forms 
adopted by two different makers. It is .--==

0
====all.b-"

a form which experience has shown is ba======iJF==== 
well adapted for low cost of manufac- Fig. 4. Montgolfier's improverl 

ture and reasonably good service, Hyclnrnlic Ham. 

where only a small amount of water is desired. In designing this typo 
of ram, the escape valve must be of sufficient weight to open against 
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the pressure of water behind it. Thus, if the valve has an area 
of three square inches and is working under a supply head of 7 feet, 

which would give a pressure of 

I 

aqout 3 pounds per square inch, the 
valve must weigh more than 9 
pounds, for 9 pounds would just 
about balance the head, and there 
must be a sufficient margin to over
come this pressure and open the 
valve. The valve must also open 
sufficiently to admit the flow of the 
required amount of water necessary 

,,. " s t· f a· H a 1.· to operate the machine . .--k
L'lg. "· ec 10n o or 1nary y rau 1c 1-

. · 
Ram, 1895. It fol;ows from the above reqmre-

ments that if the supply is large, the valve must be of considerable 
size and must open widely and hence must be also of considerable 
weight. The same result follows when high supply heads are used. 
In these cases the valves close with so much violence as to require 
great strength in the machine and to render high heads and great 
volume impracticable. 

Fig. 8 shows the Rife Hydraulic Ram. In this ram the valve 
opens by gravity in the same manner as in the ordinary ram. The 
weight of the valve is adjusted within certain limits by the sliding 
weight shown. The details of construction are considerably di.,ffer
ent from the ordinary type of ram and a considerable gain is claimed 
on account of the large air chamber used. A number of special 
features are also introduced which the manufacturers of this ram 
claim have improved it greatly oYer the ordinary type . In a recent 
circular the manufacturers of this ram state that it can be operated 
undee heads as high as thirty feet. 

Fig. 9 shows another type of ram in which 
a flat bent spring is utilized in opening the 
escape valve instead of the weight of the valve 
itself. While this seems to be a move in the 
right direction, this type of ram has not been 
a practical success as its absence from compe
tition in the market demonstrates. 

In 189J, the writ.er designed the water 
works system for the village of West Dundee, 
Ill., a village of about 1,200 inhabitants, situ
ated in the Fox River Valley. The source of 
supply is derived from springs which are 
55 feet above and about 2,000 feet distant 
from the engine house. As there is a greater . 
supply than is needed for the average use of Fig. 6· GoR��. Hydraulic 

the village, the writer desired to utilize the waste water, to raise 
the water required through the mains and into the standpipe, and 

I 
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decided to introduce an hydraulic ram for this purpose. On con
sulting with various manufacturers and dealers in these machines, 
the consensus of opinion seemed to be that under the prevailing cir
cumstances a ram was impossible. The makers stated that with a 
length of drive pipe so great, any ram which could be manufactured 
would be destroyed, especially under the head of fifty-five feet. This 
will be better underst,ood when it is stated that a waste valve of the 
size finally adopted at West Dundee, if made on the principle gener
ally employed, would need to weigh more than 900 pounds, and the 
shock of closing such a valve would of course be very great. I<1or 
this reason, a ram of the common type would be impracticable. 

Fig. 7. The Deming Hydraulic Ram. 

The writer did not agree entirely with these opinions, for, although 
the ordinary type of ram did seem impracticable, it appeared that 
some type of ram might be designed which would acomplish the end 
desired without destruction to itself or the pipes connect.ing it to 
the source of supply and to the standpipe. 

After considerable study, the writer designed a valve, which 
instead of opening by gravity, was opened by a spiral spring acting 
opposite to the direction of the water pressure; the weight of the 
valve could thus be greatly reduced and the violent shocks which 
would be produced in closing the ordinary type oE valve, would be 
also largely prevented by the reaction of the spring which would, of 
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course, be compressed as the valve closed. This idea was developed 
and a ram designed which has been in successful operation for about 
a year, and which supplies the village with all the water needed for 
ordinary use, except at times of fire or during other periods of 
extraordinary consumption. The amount pumped is, when the ram 
operates continuously, about 60,000 gallons per day, although this 
amount can be largely increased by slight changes. 

During 18fl5, two hydraulk rams of less size (see Fig. 10), but 
built on the same principle, were designed by the writer, and 
installed at the village of Al gong uin, Ill., a town of JOO in ha bi tan ts, 
situated in McHenry county. These rams work under a head of 
about 23 feet, and force the water against a head of about 1 OJ feet. 
A single ram will use all the water now available from the springs 
and will force 25,000 gallons per day into the reservoir. These 
rams all have a down ward discharge, thus utilizing the full head of 

Fig. R. The Rife Hydraulic Ram. 

water. The water is conducted away from the ram, when desired, 
in a waste pipe, thus preventing the splashing and spraying of 
water, which always occurs in the common type of ram, and produc
ing a machine which can be placed in any building or place without 
being a nuisance. From a careful examinatio11 of the result-; 
attained at these places, it is believed that this type of ram is of 
much wider application than the type hiths-rto most widely in use, 
and the writer has now under consideration a ram which is intended 
to use 1500 gallons of water per minute, or about 2,000,000 gallons 
per day, which he expects to install during the coming season. 

In considering the use of hydraulic rams, numerous questions 
concerning the amount of water needed for the supply and the 
amount of water which it is possible to deliver under various con
ditions, must be determined before the feasibility of utilizing a ram 
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can be ascertained. A head of at least 18 inches is found to be 
desirable with the ordinary type of ram, although the utilization of a 

less head by rams having a downward escape 
is believed by the writer to be possible. The 
height of head has usually been limited in the 
ordinary ram to about :-rn feet, although in a 
few cases. a head of about 40 feet has been 
successfully used for small amounts of water. 
With the construction used at ·west Dundee 
and Algonquin, it is believed that it is possible 
to util.ize any desired head by a proper design 

. of the ram. Fig. 9. Morrow"s Hydraulic . . • 
Ram. In ordrnary cases. the drffe pipe must be 

from 25 to 50 feet in length in order to give a sufficient bulk of 
water to operate the ram, and as the proportion between the supply 
and delivery head becomes greater the length of the drive pipe must 
also be increased. In the common form of rams. the manu
facturers, as has been said, agree that the drive pipe must not be 
too long or danger of destroying the ram or at least the production 
of excessive wear through the momentum of the moving column of 
water will result. 

Most of the rules given for the operation of rams arc empirical 
and in many cases are misleading and erroneous. The sizes of pipes 
given in manufacturers' tables are often misleading, for although 
they may be satisfactory for ordinary cases, they are not correct 
when those cases vary at all from the ordinary. The sizes may, 
however, be approximated from the following considerations. 

The water in the drive pipe musts top and 
start with each pulsation of the ram, hence the 
average velocity of the water in the drive pipe 
is only about one-third of the actual maximum 
velocity and a drive pipe must be selected 
therefore, which will readily pass about three 
times the average quantity of water consumed 
by the ram. In the delivery pipe, however, 
the air chamber equalizes the flow and the 
average quantity delivered is a sufficient basis 
to calculate the size of the pipe required. 
The size of the pipes should be calculated to 
pass the required amount of water without 
undue friction, for the friction in the delivery 
pipe will be equivalent to adding to the head 
to be pumped against, and will, of course, re- Fig; 10. �ydra)tlicRam in 

<l h f h. l . . "bl 
u•o at Al

0
0JHJU1n, Ill., de

uce t e amount, o water w 1c 1 1t 1s poss1 e signed IJy the writer. 
to raise. The friction in the drive pipe will reduce the head avail
able to give velocity to the water in entering the ram and if the 
reduction is too great, will seriously affect its capacity. 
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If Q be the entire amount of water passing into the ram per
minute and q be the amount forced into the receiving reservoir, and 
if H be the height of the supply above the waste valve, and h be the
height of the surface of the receiving reservoir above the waste 
valve; then representing the efficiency by E, we have the following; 
equation: 

E __ 
qh 

-Qh
The efficiency of the hydraulic ram of ordinary construction,. 

varies under ordinary circumstances, from 50 to 65 per cent. Much
higher results have been obtained where the ram is carefully 
designed for the work to be done and is carefully adjusted. The 
manufacturers of the Rife Hydraulic Ram (see Fig. 8) claim an effi
ciency, under ordinary conditions of 6Gf per cent. 

Fig. 11. Details of Rife Ram arranged for pumping pure water with 
impure water. 

No elaborate tests for efficiency have been made on the type of 
ram designated for Dundee and Algonquin. The Dundee ram being 
connected dicectly with the town water mains, is in a difficult 
position to test, but its efficiency will be determined during the 
coming season. The Algonquin rams were tested without attention 
being given to secure the maximum efficiency, but simply to ascer
tain the amounl of water available and how much was being utilized. 
The efficiency obtained on this test varied from 7Bt per cent. to 75 
per cent. It is believed, hc,wever, that with the information 
obtained from the work already done, that an efficiency of 80 per· 



ERRATA. 

fi The above statement in regard to the weight of the pulse valve is
not strictly accurate. The reaction of the column of water has a cer
tain effect, which reduces in a measure the weight of the valve as 
determined in the manner mentioned. This reaction, is however, a very 
indefinite quantity which has never been mathematically considered, 
and is probably not susceptible to mathematical analysis. It involves 
the length and velocity of the column of water, the elasticity of the 
drive pipe, the size of the air chamber and probably a number of un
known quantities. The general relation of the weight of the valve to 
the head of water, however, is quite constant with the exception of this 

• 

reaction, which must for the present at least be determined fo1.1,r!:__Je�a:1Jc..Jb1L.-----
set of conditione 
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The advantage of the hydraulic ram for town supplies is 
obdous. At both Dundee a�d Algonri uin the ram utilizes water-

power which would be otherwise wasted. 
The city marshal!, in each case, gives the 
rams all the a�tention which is needed, 
which consists simply of starting or stop
ping them as the conditions may require, 
and by using a relief valve or overflow, 
even this attention can be dispensed with. 
Absolutely no attendance otherwise is needed 

� and the rams may be allow!-'d to run weeks 
� at a time without attention. 

i� 
The simplicity of the hydraulic ram is 

such that it is comparatively low in first 
- = 

S ��.;
�
1 �- cost, and if it is properly designed there is 

I ',/
-:i: 

·'! .. - )nothing about it likely to become broken o:r-
1 _ '(____�

1 

-- worn, and there are, therefore, few repairs 
· I �- -\ necessary. The cost of power, attendance
J.L����:c:, and maintenance being therefore practi

cal! y nothing, and the first <"Ost of the 
l,�. A machine being ,·ery low, it is obvious that 

Fig. .� rPeent design by 
tho writer. no type of machinery can compete with the 

hydraulic ram when the conditions are such that it can be utilized. 
The conditions of use ha,·e already been 

mentioned, although it may be added that 
when the water which it is desired to uti
lize for the supply is not sufficient to also 
operate the ram, the ram can be so de
signed that impure water, if available, may 
operate it, raising the pure water into the 
receiving reservoir or stand pipe. Fig. 11 
shows the Rife ram with the air chamber re
moved, fitted for this service. 

With flexibility of design,numerous uses 
not hitherto attempted, become possible, 
but the length of this paper will not admit 
of their detailed discussion at this time. 

Fig. 12 shows a recent design of the 
writer's in which some improvements are 
made over the Algonquin types and Fig. 13 
shows the same principle adapted to a ma- \ 
chine designed for use on flowing wells. '"" 

Th h · Fig. 13. Hydraulic Ram fore writer as not attempted to give use on artesian or flowing 
the ordinary rules for the hydraulic ram wens, designed \Jy the writer. 

which are set forth in various works. His own observations have 
led him to believe that they are largely misleading and erroneous. 

Eytelwein made a number of experiments in Berlin, about 1808, 

j 
l 
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and many of his deductions are of great interest and value. General 
deductions drawn from them are, however, in many cases, found to 
be erroneous in the light of other observations. And as the writer 
is now contemplating an extended line of experiments which he 
hopes to set forth in a future paper, he prefers not to present 
formul� at this time, which he cannot fully endorse. 

NoTE-The writer wishes to acknowledge the courtesy of the 
Gould. Co., of 22 N. Canal St., Chicago, Ill., for the use of the cut 
of Fig. 6. Also of Henion & Hubbell, 61-69 N. Jefferson St., 
Chicago, Ill., Chicago agents for the Deming Co .. for the use of the 
cut of Fig. 7. Also the Rife Engine Co., of 126 Liberty St., New 
York City, for the use of the cuts of Figs. 8 and 11. 

DISCI;SSION 

.:\1R. P AR:IILEY inquired if the ordinary cast iron pipe was used 
for the drive pipe. 

MR. M}:AD replied that the drive pipe was ordinary cast iron 
pipe and that the ram produced no shock which could in any way 
injure it. He had expected from his conversation with ram manu
facturers a much greater shock than had been produced. Just 
before the ram was put in operation he received a copy of Prof. 
Robinson·s work on hydraulic machinery, in which it was stated that 
the largest waste valve which had been found practicable in England 
was four inches in d.iameter. The waste valve used on the Dundee 
mach:ne was, therefore, four times that size, and with a great 
length of drive pipe and a high head. For fear of the shock, he put 
in a relief valve set at about 100 pounds, so the water pressure 
would. not arise above that amount. 'fhis was found lo be unneces
sary, for when the waste valve closed, the maximum pressure ran 
up to about 2-t pounds above the static head on the delivery sid.e 
instead. of 50 pounds or more, as he was led. to believe it might. In 
this case, they were pumping against +5 pounds pressure with a 
pressure of some 20 pound.s and with the impulse valve closed., the 
pressure would. run up to +7} or +8 pounds. The results were inter
es ting after listening to what the manufacturers had. said about the 
tremendous impact which the ordinary ram would develop under 
those circumstances. 

MR. McCLANAHAN asked. if the rams delivered from 65 to 75 per 
cent. of the water delivered to the ram. 

MR. 1\h;All answered that the delivery of any ram depended 
upon the relation of the supply head and the delivery head. At 
Algonquin they were using !Hi gallons per minute with 10 pounds 
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pressure, that is, 96 gallons would pass through the ram in a min
ute, that would equal, if the expression might be permitted, 960, 
''gallon pounds." They were there pumping against a 45 pound head 
and obtained 16 gallons per minute, which equaled 720 "gallon 
pounds" per minute of useful work. That is, they were in this case· 

720 
getting an efficiency of 

960 
or 75 per cent. The question is simply 

one of relation between the two heads; a certain amount of energy is. 
put into the machine, and a certain amount of energy is obtained 
from the machine. If it were possible to get 75 per cent. of the 
water out of the ram that was put in, under the conditions named,. 
you would get out more energy than you put in, which would,. 
of course, be an absurdity. 

MR. LAGRON had seen it stated that 1 gallon delivered for 5 put 
in was an extraordinary duty for a ram. That 18 inches was ordi
narily considered to be as low a head as you could use with an ordi
nary ram, but in the ordinary type the discharge was up, and he 
thought the head could be reduced somewhat if the discharge was 
down as in this type. 

J\'IR. NICOLET-Do you consider a hydraulic ram practical on an 
artesian well? 

MR. MEAD-Yes, as a rule, but it depends entirely on the con
ditions. 

MR. NICOLET-If you have a head of forty feet with a well 
some 400 feet deep? I have such a problem to solve this spring. 
We have ar. artesian well giving 100,000 gallons a day from a six 
inch pipe and on the outside of a four inch pipe with a four inch 
inside pipe that delivers about 200,000. The head from the lower 
source is 17 lbs. and from the upper source 12 lbs. From inquiries 
they found the average efficiency of rams was about 65 per cent. 
·and based upon an efficiency of 50 per cent. they expected to take
some 60,000 gallons to the top of the hill.

MR. MEAD stated that he considered a ram of correct design 
would work perfectly satisfactory under the conditions named. 
The ordinary type, however, could not be applied. 

MR. LAGRON wished to know if there was not a limit to the lift 
of the hydraulic ram. 

MR. MEAD answered the only limit was the conditions. To 
drive water through a longer pipe or to a greater height, you had 
to have a suitable impact or water hammer. He saw no reason why 
under the proper conditions there should be any limit set to the 
principle; the principles of mechahics involved will apply in a large 
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way as well as in a small way. He had seen a ram where the waste 
valve was in motion and yet the ram was not driving water, for the 
same reason a tack hammer would not drive a spike; the weight was 
not heavy enough to keep the valve open until sufficient velocity was 
obtained by the moving column of water to drive the water against 
the pressure under which the ram was trying to work. 

MR. STmYELL suggested increasing the diameter if the length 
was short, in order to get weight and momentum. 

MR. MEAD said Rumsey & Co. recommend a coil of pipe to get 
the necessary length under a fall where they cannot get a sufficient 
length of straight pipe. 

MR. P AR.\ILEY said that when he considers that the mo men tum 
was the actual weight of the water in motion multiplied by the 
velocity, and when he considers also the incompressibility of the 
water, it seems that when the column of water suddenly stops 
there must be a tremendous pressure. 

MR. MEAD said that a column of water about a foot in length 
(the column in the waste valve) is all that stops or starts suddenly. 
'The rest of the column raises through the check valves and neither 
starts or stops suddenly, but gradually comes to rest. With no air 
chamber there would be a sudden stopping and starting of the column 
if any results were possible without the air chamber. But it would 
be utterly impossible to operate a ram if you had no air chamber, as 
you would have to start the column of water in the delivery pipe 
moving every time the waste valve closed, and it would be simply 
impossible for a short column of water under a low head to start a 
long column under a high head. In the ram operating at Algonquin, 
the air chamber is about 8 inches in internal diameter and thirty 
inches high. It is kept full of air by means of a snifting valve so it 
will al ways have a cushion. One trouble with the ordinary hydraulic 
ram is that there is no way of supplying the air and the water 
absorbs the air and the ram soon stops. With a snifting valve, the 
air is maintained in the air chamber. In Dundee they have an 
hydraulic air pump utilizing water from the springs to pump air into 
the air chamber of the ram and also into the air chamber of the fire 
pumps. One great draw-back in the operation of the average pump 
to-day is that there is no method adopted of supplying air to the air 
chambers and the pump tears itself to pieces for lack of air. A con
tinuous flow in any pump depends upon the air chamber. The indi
cator cards from the discharge main and the suction main of the 
triplex pump show a great variation as to the pressure of the water 
and these points can only be overcome and the life of the pump or 
mm increased by keeping air in the air chamber. 
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QUESTION-The air chamber has to take the shock of the main 
column of water'? 

MR. MEAD-Yes, or you can confow a piston with a spring 
behind it and do without the air chamber, and the shock in this 
case woul,1 be received by the spring then compressing it. Then it 
opens and forces the water out. They put a three foot water glass 
on the side of the air chamber on the Dundee ram, and it was very 
interesting to watch the air spring work. 

QtrESTION-How often do the valves operate? 

MR. MEAD said in reply that the Dundee ram was running at 
from nine to fourteen strokes per minute. In the case of the Algon
quin ram it is about thirty strokes per minute. This is adjustable, 
however. There is a French ram that makes as high as 400 strokes 
a minute and the average of the smaller rams make from GO to 80• 
strokes a minute. 

QUESTION-ls it a noisy ma<:hine'? 

MR. :\1EAI> answered that it was very quiet. It wa,.; built at 
Dundee in the engine house, and the noise is hardly noticeable. The 
stroke is not very great and the valves are so arranged that the 
recoil is taken up by the spring. In the Algonquin rams there is a 
rubber disk which is compressed by the stroke. The stroke of the 
impulse or waste valve at Dundee varies from g to t i,.ch. At 
Algonquin the stroke of the valve is from t to f inch. In the 
Dundee ram the water passes through the engine house and the 
waste is carried outdoors and discharged into a sewer, and the dis
charge passes through an 8 inch main directly into the system of 
mains. In this case, the ordinary rule that the air chamber must 
be equal to the .discharge main would hardly hold, as here the ram 
is pumping into about 4t miles of mains, and the air chamber by 
this rule would be larger than the engine house. 

QUESTION-ls not the air chamber really to overcome the inertia. 
in the water in the drive pipe gradually? 

PRES. MEAD-Yes, and to keep up a constant flow. 




