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CENTRIFUGAL PUMPS, 
by MR. E. SEITZ. Read 1st May, 1901. 

In a weak moment I was persuaded by your energetic Secretary to 
give my consent to read to you a short paper on Centrifugal Pumps. I 
am afraid that you will have to suffer for this rashness of mine, because 
it will be difficult for me to add much to the various informations given 
to you by previous speakers. Another point on which I felt rather 
diffident, was that all my investigations had been in a special direction, 
and it is not easy for me to deal with Centrifugal Pumps without being 
open to the charge of personal advertising. However, I have tried to 
avoid this as much as possible and ask you, therefore, to kindly overlook 
my shortcomings, and take the will for the deed. 

The Centrifugal Pump is becoming more and more a greater 
competitor to the various types of the piston and plunger pumps, which, 
for many years, had the advantage of having at their service the most 
skilled engineers and mechanics of every country. They still hold first 
position with regard to efficiency, but I venture to say that step by step 
they will loose ground in all those cases where high speed motors are 
used to drive pumping plants. It is not so very long ago, when the use 
of a Centrifugal Pump for anything over 3o feet was condemned by all 
the leading authorities, and even now you can find textbooks and 
handbooks on engineering, published only last year, which practically 
still uphold those doctrines. 

Perhaps it may he of interest to you and not out of place if I give 
here a brief record of the development of Centrifugal Pumps, and from 
it we may be able to get a clear idea of the progress of this branch of 
éngineering. 

Thefirst mention of Centrifugal Pumps dates back as far as 1732. it 
is reported by " Demour," a French scientist. As the sketch, No. r 



CENTRIFUGAL PUMPS. 

shows, it consists of a vertical shaft to which is fixed diagonally a 
suitably bent pipe, the lower end dipping into the water to he raised, and 
the top end discharging into a circular trough when revolving, as shown. 

Another pump is reported upon by the same authority. It is a real 
Centrifugal Pump with single suction entry at centre, delivery pipe radial 
from concentric casing, and has a runner with six straight radial blades, 
as shown in Fig. 2, and it was driven by rope gearing as indicated by 
V groove of pulley in original sketch. 

It is evident that this pump must have drawn the attention of scientists 
to the matter, for, in 1752, a Mr. Euler went theoretically into the 
question of Centrifugal Force Pumping, and constructed a pump which 
is shown in Fig. 3, and in which he tried to reduce friction by making a 
parabolic curved revolving chamber, into which the water entered almost 
undisturbed, and in which the curves were made to correspond with the 
natural flow of the water when subjected to centrifugal and tangential 
forces. The sketch gives you the main outlines of this pump, and it 
will not be difficult for you to find out why this pump was not a success. 

There is very little to record from that period till 1848, but it is clear 
that all this time investigations and actual working with Centrifugal 
Pumps must have been going on, because Mr. Appold, from 1848 to 
1852, made such progress that at the London Industrial Exhibition he 
put before the world a Centrifugal Pump, which was remarkable for its 
high efficiency and construction, and which proved in all its details a 
remarkable understanding of the leading principles of hydraulic and 
other forces and consequent friction, and I believe that some of the good 
points of Mr. Appold's pump have been left out, with detrimental 
effect, by some pump makers of later periods 

Mr. Morin, a French scientist of note, made trials of this and other 
pumps, and found that Appold's exhibit had an efficiency of 65-68%. 

. The runner was 12 inches diameter, 3 inches wide, and had six 
curved blades, it lifted with 788 revolutions per minute 128.8 gallons 
19.35 feet high. 

Some pumps exhibited at the same time by Messrs. Bessemer and 
Gwynne having straight radial blades, gave an efficiency of 23% only. 
Figs. 4 and 5 show the Appold pump. 

4- -5 — 

On looking at Appold's pump you will at once observe the ample 
• allowances and large areas which the designer gave to all water passages, 
to keep down friction the suction valves were provided with bell- 
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mouthed entry pipes, and the water in suction pipe was made to increase 
its velocity as it entered the runner which had curved blades and which 
is serving,tas a standard type to this very day. For the casing Mr. 
Appold also provided for a large volute from entry to discharge so as to 
decrease the speed of water gradually ; the discharge was tangential to 
the runner, and thus he designed a pump, which, in all its main details, 
resembles the foremost types of modern makers. The only difference is 
that modern makers do not give such large areas, they build their 
pumps with far less weight than Appold's. 

In 1862, Gwynne brought out an improved pump on Malo's patent, 
which, in its .main points, resembles the various types of curved blade 
double entry pumps of the present day, some of which I believe to be 
inferior in some details' to Appold's pump. 

From that time up till now there has been such a variety of new pumps, 
that to go into them now would take up too much of your time. 

'It will, I think, be more interesting to you if I briefly classify the 
various types on their main points, and you will then be able to form an 
opinion as to their merits or demerits. I therefore take the liberty to 
divide the pumps into Single Entry and Double Entry Pumps. 

— 6 — _7_ 

Fig. 6 shows the single entry pump in which the water enters from 
the suction pipe into the runner on one side only. It is a favorite type, 
because it can claim cheapness, simplicity of parts, freedom from 
choking at the entrance ; it is easy of accss and especially suitable for 
water with gritty and solid substances, such as sand, gravel and sewage. 
Provision must be made to balance the runner in axial direction to 
counteract the unequal thrust. 

Fig. 7 shows a double entry pump ; the water enters into the runner 
from both sides. The spindle in most cases goes right through both 
suction pipes. For clean water this system is favored by the leading 
Continential, English and American makers, and they generally allow a 
higher efficiency for this type.  against the previous one. The runner is 
perfectly balanced in every direction. The pump is a little more 
expensive to make, as it has necessarily a larger number of parts, but I 
believe it will rim with less wear and tear than the single side one. 

However, each type has its strong partisans, and something can be 
said in favor of one or the other, according to the purpose for which it 
is intended. 
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The next classification which I now make is to distinguish between 
an open runner, Fig. 8, and a closed runner, Figs. 9 and 9a. 

The open runner, Fig. 8, consists of a number of open arms or blades, 
which, when revolving, whirl the water in the casing and give it thereby 
the necessary tangential and radial velocity to overcome a given head. 

In the closed runner, Fig. 9 and Fig. 9a., the water enters the runner 
from casing a, revolves in the runner at b, and re-enters the casing at c. 
Provisions are made to prevent the water circulating back to a between 
the casing and the runner by utilising the centrifugal force at the outside 
of runner or providing adjustable rings in the casing, Both the above 
types of runners are used in hundreds of variations. I, personally, favor 
the cloyed runner, but each type has such renowned champions that I 
must allow the question is an open one. Fig. 9a. shows a hollow shaft 
runner patented by me in December, 189o, of which Diagram No. i 
shows actual working results. 

The next division is the most important one, as it classifies the vital 
point of Centrifugal Pumps, namely, the blade, aim or pipe of the 
runner, which imparts to the inflowing water the required velocity and 
determines the height to which the water will be raised for a given 
peripheral speed. 	There are such a variety of open and closed 
runners that it is difficult to classify same, but in the main the following 
types will I think fairly represent all classes of Centrifugal Pumps. 

-Is)- 	 -II- 	 -12— 

—13- —14— 
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Looking broadly at the types it can be safely stated that those 
shown in Figs. to, 13, 14, 15, 16, 18c and i9c will require the least 
peripheral speed to overcome a given head. Figs. i i, 18b, 19b, 21, 22 
and 23 require more, and Figs. 12, 17, 18a, 19a and 28 the most. 

I also venture to say that Figs. io, II, 12, 13, 14 and 28 will be 
exceedingly touchy on sudden changes of speed, and liable to lose the 
water, and their efficiency will be more influenced by a great difference 
of height than types 15, 16, 17, 20 and 22, and still more so than the types 
18 and 19, because the entry of water into the runner will be less 
disturbed than in 15, 16, 17, 20 and 22, and still less than in ro, i i, 12, 
13 and 14. 

With regard to efficiency, I place Figs. ro and r r lowest ; Figs. 12, 
13, 14, 21 and 22 next ; Figs. 15, 16, 17, 18, 19 and 20 highest ; provided 
that the surrounding casing and the entry curves are in each case made 
to suit the condition of work to be done. Of course, in any of the types 
some improvements may be found out which would alter their relative 
positions. Another still very important point in Centrifugal Pumps is, 
as has been pointed out by Mr. Higgins, the casing, or the discharge 
chamber round runner. I divide them into five classes, as shown by 
Figs. 23, 24, 25, 26 and 27. 

\ 	 ,. 
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_25— 

—26— 	 —27— 

In Fig. 23 the casing is concentric with the runner, and the.areas 
round it are therefore equal all round. The discharge is radial in 23 
and tangential in 24. In Fig 25, the areas increase round the runner 
proportionately to the quantity of water discharged per part of revolution 
of runner, with the object to maintain the same velocity throughout the 
revolution ; whereas in Fig. 26 it is clearly the intention to have the 
highest velocity only near the runner, and to let it gradually decrease as 
the radial distance from the runner increases. It will be clear to you 
that each form of casing will be more or less suitable to each type of 
runner, and . there is no doubt, although the theories are opposed 
to each other, good work is done by each type. 

It will here be necessary to point out to you that the quality of the 
water to be pumped has much to do with the selection of the type of 
runner or casing. 	For gravel sluicing plants, I believe that the closed 
runner is the favored one both here and in America, and for this class 
of work, runners of the type 16, r7, 18, 19 and zo have the preference. 
The types 21 and 22 I would suspect of requiring much extra power. 

One of the troubles of driving Centrifugal Pumps is the great 
peripheral speed required, and by looking at. the catalogues of makers 
you will find 2000 revolutions no unusual thing for lifts of 4o to 6o feet 
for smaller pumps. To remedy this, compounding has been proposed 
as far back as 1852 at the London Exhibition, and is now used pretty 
generally for high lifts. 	It reduced the speed considerably, and the 
small loss of efficiency is fully compensated for by other advantages in 
first cost and maintenance of driving plant. When high speed motors 
such as water or steam turbines, pneumatic and electric motors, are used, 
which run perhaps at a higher speed than is necessary to overcome the 
head, it will be of advantage to drive single pumps direct, and nothing 
is gained by compounding, which is done by discharging the delivery 

t
__ 
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water of one pump into the suction pipe of the second one, both 
runners being driven by the saine shaft and usually the same diameter. 
By these means the same revolution of shaft will give nearly twice the 
height that would be obtained when driving one pump only. If I can 
arrange for a visit of the members and friends to Mr. Sneesby's premises 
you will there have an opportunity to see the principle in action. I 
might here mention that I have not come across a book yet which 
thoroughly expounds the theory of compounding, and I shall be obliged 
to any member who will supply me with the name of such book or 
books. 

As the Centrifugal Pump is a high speed machine running from 300 
to 3000 revolutions per minute, it is of great importance how to drive 
it. A good deal of discredit has been thrown on to these pumps when 
trying to lift to greater heights than usual, on account of the faulty 
driving arrangements adopted, and as these have been improved, so has 
also the adaptability of Centrifugal Pumps to high lifts gained in favor. 
Where possible;  the Pumps should be coupled direct Yo high speed 
motors. This does away with belt and bearing frictions, takes less 
space, is more compact, steadier, and generally more economical ; and 
in the case of electric, hydraulic, or pneumatic motors, allows the 
pumping plants to be placed near to their work even if very far away • 
from main plant. For ordinary practice, belts and ropes are the 
principal favorites for driving Centrifugal Pumps, and where arranged 
properly give good results, the main points being large pulleys and 
low belt pressure. 

In the foregoing remarks I have tried to give you briefly a clear 
outline of the systems of Centrifugal Pumps in use, and only ask your 
permission to use a little more of your time to come back to my opening 
remarks referring to the increased use of Centrifugal Pumps for heights 
that were not thought of. If you look through catalogues of Gwynne, 
Parson, Sulzer, Laval and others, you will find that these renowned, 
firms undertake lifts zoo, 300, 400 and 500 feet with Centrifugal Pumps. 
In the "Engineering" you will find a record of a Centrifugal Pump at 
Geneva lifting moo feet ; nevertheless here in Australia there is a great 
difficulty to make mine owners and others believe that Centrifugal 
Pumps can he successfully used for such heights. Moreover, we in 
Australia can, I believe, claim that we were the first to pump with 
ordinary Centrifugal Pumps to such heights. 	In 1890, I worked 
a Centrifugal Pump to a height of 270 feet as per pressure gauge ; the 
particulars of which I thought might interest you, and I therefore hand 
you a diagram showing the peripheral speed, gallons p.m. and height 
reached at those trials as recorded in my private notes. There may be 
a few errors in the records, but I can assure you that every care was taken 
to have them correct, and as a whole the results bore each other out very 
well. All the trials were made in Mr. R. P. Park's and my presence. 
The water discharged was measured into a 400 gallon tank. The runner 
was 1  inches diameter of the type shown in Figs. 9a and 18a, 
with a hollow shaft, and the casing as shown in type Fig. 23. 
The pump had a 4in. delivery and two Sin. Suction Inlets. 	The 
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delivery pipe stood 12ft. 6in. above centre of pump, and the 
suction lilt was from 4-5 feet. 	The maximum height recorded, 
27o feet per pressure gauge, and the maximum quantity delivered into 
tank at any time was 1200 gallons per minute. The diagram shows 
you the theoretical velocity for a given head as per formula V= Vi 2sn 
which is. usually adopted by the leading authorities. I have also given 
the curve of velocity, according to Mr. Higgins' theories. You will 
notice that for ail heights, except where there is an abnormally large 
discharge of water, the results follow very closely the various curves in 
proportion to their respective discharges, and it can be clearly seen that 
there cannot be a great loss of efficiency when the actual results follow 
so nearly the theoretical lines. It must also be borne in mind that the 
trials were made with an ordinary 4 inch belt, driven from a 8-ro h.p. 
portable engine with 5 feet 6 inch flywheel, on to an 8 inch pulley, and 
the sane runner had to do duty for lifts from r5 to 27o feet. 

I shall be very much obliged to any one who can give me reliable 
data about any similar trial or results made before or after 1890 in 
Australia or elsewhere. Since that time other improvements have been 
made.- I also show you a small diagram of trials taken with a compound 
pump, designed by me lately, and made by Mr. John Sneesby. 
A public trial of this pump took place last February, when its capability 
was shown both in quantities and heights, the later being about 165 
feet total 

In concluding I thank you very much for the patient hearing you 
have given nie to-night, and trust that some of the opinions which I 
have expressed, may have the effect of bringing forth facts beneficial to 
all of us. 

ti~ 
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Discussion on Papers by Messrs. George Higgins 
and E. Seitz. 

MR. STONE noticed that in Mr. Seitz's paper, no attempt had been 
made to analyse the loss. The centrifugal pump was generally put 
down as inefficient for high lifts. If possible, a «balance sheet" should 
be shown giving the loss due to radiation, internal friction, etc. 

MR. A. H. MERRIN said the mathematical treatment in Mr. Higgins' 
paper seemed to be on the most approved lines. The sectional flow 
throughout the runner was given as uniform ; but he was doubtful as to 
the accuracy of that; and if the sectional flow was not uniform, the 
mathematical treatment would be completely upset. With water flowing 
in a converging pipe, the gain in velocity head would represent a loss in 
static head ; but these two would not apply in the opposite direction in 
a diverging pipe. Some of the text books assumed that this was so. 
Should the vane start near the centre of the runner so as to avoid the 
shock of the water, and continue to re-curve until the tips became radial, 
it would completely upset the mathematical treatment. He agreed with 
Mr. Higgins' idea of a whirling chamber. 	He thought a complete 
series of experiments was needed in connection with centrifugal pumps. 
He had recently to make a few observations of a centrifugal pump. 
The ordinary engineering formula was adopted, viz., V of the periphery 
was equal to 

%/2gh, 

which was nearer the truth for high lifts. The shape of this runner was 
a cross between Nos. 21 and 22 of Mr. Seitz's paper, with side discs, 
with pump case like No. 24. Size of the pump was 3ft. 6in. diameter ; 
suction pipe r2in., with discharge of 4oft. 

The first experiment was a lift of 25 feet from the top of the discharge 
pipe to the level of the water on the suction side. 	The revolutions of 
pump were 18o per minute. The water was merely held in the inclined 
pipe. The result was 

V = •82 of V/2gh, 

Second case was : Lift of 29ft. Sin.; discharge, 400 cubic feet per 
minute. Vacuum gauge on the suction pipe to show the actual loss in 
velocity and friction head. Allowing for friction up the pipe, the total 
lift was 33.34  feet ; revolutions of pump 229 per minute ; mean of 
three observations gave 

V = .9 of Vzgh, 
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Third experiment : Pump discharging water ; lift 3 r ft. 6in. ; vacuum, 
zr2in.; 4oft. of rein. suction pipe; r4ft. 6in. discharge pipe. Discharge 
was 57o  cubic feet per minute; revolutions of pump, 245i.; total lift, 
37ft. Result :- 

V = •92 of 4/2gh. 

The last experiment was a discharge of 45o cubic feet per minute, and 
an unknown quantity of solid material. Vacuum, 24in. ; number of 
pump revolutions, 243 per minute`; lift, 34ft. Sin. to 39ft., taking 
velocity and friction heads into account. The result was :- 

V = r•oz of 4/2gh. 

The incline of the vanes at the ends was zq°, which worked out 
pretty closely to the mathematical result that would be expected from 
such a runner. 

Re centrifugal pumps in mines, they would have to be made to 
accommodate themselves to varying loads, and a pump designed for a 
heavy load did not give the sane efficiency when working with a light 
load. 

MR. J. T. N. ANDERSON said :—Re centrifugal pumps for mining. He 
had noticed a description of them in use in California, four or five pumps 
in a series. His own experience was that the efficiency of centrifugal 
pumps fell as the head increased. One noticeable feature about centrifugal 
pumps is that if the pump be run at a speed but slightly exceeding the 
speed which gives a fair discharge, the increase in the discharge is 
entirely beyond what would be expected from any theoretical consider- 
ation. Thus an increase from about 	revolutions per minute faster 
than the speed which gives the static head without discharge, will give 
perhaps four times the consumption of power, and an increase of a few 
more revolutions will give the most economical speed, viz , the speed at 
which the ratio of work done to power consumed is a maximum. 
There does not seem to be much difficulty in maintaining this speed, as 
the centrifugal pump has a wonderful power of accommodating itself to 
its work. The number of revolutions showing a very slight change 
with the rise or fall of the steam pressure. Speaking on the question 
of the forms of vanes. He thought that it is quite probable that the 
time will come when power can be transmitted directly from compressed 
steam or air to water, and so raise it, as the wind raises a water spout, 
entirely without the intervention of machinery. 

PROF. KERNOT said that all they wanted now was for some competent 
engineer with proper appliances,. ample time, and unlimited means, to 
make a complete series of scientific and practical tests of all the 
different pumps which had been brought before the Institute, and give 
them the results. The mathematics on the aubject were very conflicting 
and bewildering. Mr. Seitz had not been able to give them any 
apparently conclusive tests. The question as a whole was one of vast 
importance, and it the centrifugal pumps could be made to give an 
efficiency of 6o or 7o per cent, under ordinary conditions, it seemed to 
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him that it should replace pumps of all other kinds. As to the actual 
efficiency obtained, a great many statements were made, but very little  
proof was shown. Valuable tests had been made in America and else-
where with turbines of considerable size : could they not get such tests 
with the centrifugal pump ? He did not see why the centrifugal pumps 
should not rival the results obtained by turbines, and would very 
much like to see a practical experiment made. During his recent 
trip he saw in a large dock at Glasgow some centrifugal pumps, 
with high speed engines lifting the water up to a height of 
3o feet ; while at the southern outfall of the London sewerage scheme 
he saw very slow moving plunger pumps lifting the sewage 25 feet. 
These pumps had a great knack of wrecking their valves, and he saw a 
large heap of wrecked ones close by, which had not taken long to 
gather. He would like to ask if Mr. Seitz knew of any instance of large 
sewerage pumps of low lifts working centrifugally ? 

MR. W. FvvIE stated that his experience of the centrifugal pump 
was that it was anything but an efficient appliance. He agreed with 
Prof. Kernot, that a series of experiments would be very valuable. The 
centrifugal pumps should, in his opinion, be constructed for every I o feet 
or so to suit the conditions of pumping. He understood in the test 
made by Mr. Seitz the delivery was 1,200 gals. He would like to know 
the delivery at 270 feet. He did not think it would be practicable to 
obtain a " balance sheet " of the actual results as suggested by Mr. Stone. 
In looking over a number of tests in " Engineering;" &c., he found 
the best results given seemed to be 65 % of i.h.p., and in no case was 
the lift beyond 20 feet. This was with an engine of 400 horse-power. 
The actual efficiency of this pump with a lift of io feet, was about 7o%. 
If these were the best results with a large pump, he did not think very 
good results would be obtained with smaller ones. 

MR. J. T. N. ANDERSON (President) considered it was a subject of the 
greatest importance and very great economical interest. To his knowledge 
more than £ioo,000 had been spent in Victoria alone during the last 
couple of years on large mining pumps. If centrifugal pumps had been 
used the cost would have been only one-fourth of the above amount. The 
first cost was a very important point in mining work ; sometimes a great 
deal of efficiency had to be sacrificed to it. There was no certainty 
about mining, and machinery might only be required for two or three 
years. Different types of Cornish pumps were generally used for 
mining purposes ; but the valves had to be very accessible in case of a 
sudden inrush of grit and sand. Centrifugal pumps, if properly designed 
and put down in pairs in the shafts, seemed to be the ideal machinery 
for mines ; more especially where modern methods of working under-
ground by electricity obtained. By using centrifugal pumps they saved 
the necessity for changing from a rotative form of using the energy, to a 
rectilinear form. There was a great saving in gearing. He mentioned 
the above to emphasise the points brought out by Prof. Kernot. The 
mathematics in connection with the centrifugal pump after they left the 
rudimentary facts, were largely speculative, depending upon hypotheses 
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which were not thoroughly worked out. There seemed to him to be no 
reason why the centrifugal pump should be less economical than any 
other pump. Up to a 25ft. head the centrifugal pump should give 
as good an economy as any reciprocating pump. From actual trials 
he had got over 6o% efficiency with centrifugal pumps, and the average 
returns they would get from reciprocating pumps at 25 ft. to 3o ft. head 
would not be so good. The easiest way to express the efficiency was 
on the duty. The Mildura pumps varied from 70,000,000 to 8o,000,000 
foot lbs. duty. At Rotterdam, with the biggest pump there (triple 
expansion Worthington), a test recorded by Simpson worked out to 
82,000,000 foot lbs. With the large centrifugal pump at the Billabong 
Station, at Mildura, he had obtained a result up to 8o,000,000 foot lbs. 
The Rotterdam pumps cost about three times as much as those at 
Mildura, and the difference between the efficiency was not more than 5%. 
The boiler pressure of the Rotterdam pumps was 9olbs., and that of 
the Mildura pumps r3olbs. To have used a high steam pressure in 
the former case with the low speed of the pump would not have given a 
much increased efficiency. 

MR. SEITZ in reply apologised for not giving more tests and figures, 
but he was now making a series of tests, and hoped to be able to 
submit the results shortly. He wanted to give as correct information as 
possible. Re Mr. Merrin's contribution. He had not yet the exact 
data to go thoroughly into his figures, but would do so later on. As far 
as the formula 2gh was •concerned, he was of opinion that further 
investigations into centrifugal pumps would show that the above formula 
was the correct one. A number of both theoretical and practical 
points in connection with the centrifugal pump required to be solved. 
Professor Zeuner, of Zurich, the great authority on pumps and turbines, 
had admitted that the questions of proper velocities, proper proportions, 
and proper laws governing centrifugal forces in the whirling chamber 
and the runner were not yet finally settled. With Mr. Higgins' formula 
of 4/gh it would be found by experience that they could get results 
apparently confirming it, but in the case where a head was obtained with 
a tangential velocity less than calculated by the formula A/2gh 
energy was lost in the whirling chamber in the same way as in a 
hydraulic ram, where water can be raised to a much greater height 
than the velocity of a stream would indicate, as it is only obtained by 
utilizing a shock in the ram chamber and sacrificing efficiency to obtain 
simplicity. If he used a pump to lift water roo ft. without discharging 
any water, the pump would give no efficiency at all, but still would 
require a great amouut of work expended on it. If it discharged Iidth of 
its rated quantity the efficiency would rise to perhaps 7 or r o %; if it 
discharged 6th it would rise to about 20 %, and so on till with its full 
quantity it would give the maximum efficiency, which should remain 
almost constant from that to a velocity 2 or 3 times higher, leaving out the 
friction in the pipe itself. He thoroughly agreed with Prof. Kernot in 
all he said, and was sanguine as to the ultimate success of the centrifugal 
pump. Firms like De. Laval, Sulzer, Gwynne and others would contract 
to supply plants to pump r,000 ft. with good efficiency. He thought they 
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would in time get as good results from Centrifugal Pumps with high lifts as 
with other pumps. It was principally a matter of being able to make the 
velocities correspond with the conditions of the delivery head. In 
reply to Mr. Fyvie, he said the discharge at 270 ft. with r zo lbs. 
pressure was 4o to 5o gals. per minute ; the nozzle was a /in. pipe. 
He would bring his books at next meeting to show the results obtained 
with r 2  in., /in., r in. and r I z  in., 3 in. and 4 in. pipes. The efficiency 
with the I z in. discharge was r o to 15 %. He had results recorded 
where efficiencies of 7o, 75, 83 and 87 °/° respectively were shown, but 
in one case where he got 93 °/° he put it down to an error in recording. 
In his trials the indicated horse-power shown by the engine running 
empty at the same revolution was deducted from the I.H.P. of full work, 
and the result was divided by the total water horse-power. In reply to 
Prof. Kernot, he said there were some large centrifugal sewerage pumps 
used in Holland and in Germany, of which he would give particulars 
when convenient to members at a future meeting. 
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