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other provided the metal work. In more recent 
times, R. D. Darbishire, Sir W. Bailey, Charles 
Bailey, Cosmo Melvill, and Dr. H. Levinstein have 
occupied the chair. Mr. C. E. Stromeyer has 
held office since 1929. 

The Society issues an annual volume of Memoirs 
and Proceedings, and many valuable papers are 
enshrined therein, as is testified by their inclusion 
in the Royal Society's catalogue. 

A special lecture, to which a premium is at
tached, is given once a year, and such men as 
Sir George Stokes, Sir Michael Foster, Sir William 
Ramsay, Dr. Elie Metschnikoff, Prof. F. Soddy, 
the late Lord Rayleigh, Sir Joseph Larmor, Sir 
Charles Parsons, Sir William Bragg, and others of 

equal note, have responded to the Society's invita
tion. SirJ. J. Thomson's name is still to be added. 

No mention of the Society would be complete 
without a reference to its library of 44,000 volumes, 
consisting mainly of the transactions of other 
scientific societies and institutions throughout the 
world. These have been acquired by purchase or 
exchange over a very long period, and in most 
cases are complete, or nearly so. The library is an 
outlier in connexion with the National Central 
Library. 

It is hoped by this celebration to extend the 
Society's influence and membership, and to make 
more widely known a record of which it has every 
reason to be proud. 

Experiments in Locomotive Design. 

I N a paper on "High-Pressure Locomotives", 
read before a crowded meeting of the Institu

tion of Mechanical Engineers on ,Jan. 23, Mr. H. N. 
Gresley, the chief mechanical engineer of the 
London and North-Eastern Railway, gave an 
account of the various high-pressure locomotives 
constructed in the United States, Germany, 
Switzerland, and England since 1924. Prefacing 
his remarks by observing that at no time during 
the history of the steam locomotive have such radi
cal changes been introduced as during the past ten 
years, he said that in Great Britain alone there are 
23,000 locomotives, on which a sum of £45,000,000 
per annum is expended on maintenance, renewal, 
and running. About 25 per cent of this is the cost 
of fuel and another 25 per cent the cost of mainten
ance and renewal. It will be noted that the expense 
in maintaining locomotives is equal to the cost of 
the great quantity of coal they consume. From 
this it is clear that there is a wide field for economy 
if both the cost of fuel and maintenance can be 
reduced. 

In locomotives with the type of boiler as de
veloped from that incorporated in the Rocket by 
Stephenson, boiler pressures up to 325 lb. per 
sq. in. have been experimented with. but 250 lb. 
per sq. in. is approximately the maximum pressure 
which can be carried in such boilers, having regard 
to the cost of maintenance. It took a hundred 
years to increase the pressure from 50 lb. to 250 lb., 
but during the last few years pressures have leapt 
up to 450 lb., 900 lb., and even 1700 lb. But while 
high steam pressure gives greater economy in fuel 
consumption, it demands complications in design, 
and care has to be taken that the economies in fuel 
are not absorbed in the increased cost of mainten
ance of the boiler and of the machine as a whole. 
In all the latest high-pressure locomotives, recipro
cating engines have been adopted and the use of a 
compound engine or of a unifiow engine is essential. 
Two-, three, or four-cylinder compound engines 
have all been used in one or other of the engines 
described. 

In the United States, the Delaware and Hudson 
Railway in 1924 built a main line locomotive with 
325 lb. pressure with a two-cylinder compound 
engine. This locomotive, named the Horatio Allen, 

No. 3202, Vor,. 127] 

was followed by the John B. Jervis (1927) with 
400 lb. pressure and the James Archbald (1930) 
with 500 lb. pressure. The weight of these engines 
is between 150 and 160 tons. In all three loco
motives the barrel portion of the boiler differs little 
from the usual type. The firebox, however, is 
formed by flat front 1\nd back water spaces joined 
by four circular drums--two upper and two lower. 
At the two sides of the firebox space are water 
tubes connecting the upper and lower drums, while 
the roof of the firebox is formed of tubes joining 
the front and back water spaces. With this type 
of boiler about one-third of the evaporative heating 
surface is in the firebox, instead of only about 
one-tenth as in the ordinary boiler. Superheaters 
are used giving a steam temperature of 700°-
7500 F. 

The German engines are known respectively as 
the Schmidt-Henschel three-cylinder compound 
locomotive and the Schwartzkopff-Loffier three
cylinder locomotive. The first Schmidt-Henschel 
locomotive was built in 1926, and since then four 
others have been completed or are under construc
tion. The high-pressure locomotive of the London, 
Midland, and Scottish Railway is of this type. Four 
of the engines work with steam at 850 lb. and the 
other at 900 lb. The boilers of these locomotives 
consist of two--or, perhaps more correctly, 
distinct parts. Steam for use in the cylinders is 
generated in two separate boilers working at 
850 lb. and 200 lb. respectively, but the greatest 
novelty in the arrangement consists of the method 
of heating the high-pressure boiler. All around 
the firebox are water tubes which are connected 
to elements in the high-pressure boiler, the elements 
and the tubes forming a closed circuit partially 
filled with distilled water Owing to the heat of 
the fire, saturated steam is generated in this circuit 
at 1200-1600 lb. pressure, and this very high pres
sure steam is used as a medium for heating the 
water in the high-pressure boiler. One advantage 
of this arrangement is that, owing to the use of 
distilled water, there is no scaling or corrosion to 
cause overheating of the tubes. The weight of the 
first Schmidt-Henschellocomotive was only 91 tons, 
but one now under construction for the Canadian 
Pacific Railway will have a weight-of 206 tons. 
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The Schwartzkopf!- Loftier locomotive with 
steam at 1700 lb. pressure is of still more novel 
construction. The boiler is a most complicated 
system of tubes and drums with a very large 
number of joints and connexions, and it is difficult 
to believe that such arrangements can ever become 
standard practice. Here again there are two 
distinct boilers, one working at 1700 lb. supplying 
steam to the two high-pressure cylinders and the 
other working at 225 lb. pressure supplying steam 
to the single low-pressure cylinder. Neither of 
these boilers is subjected to the heat of the fuel or 
gases, the heat for the high-pressure boiler being 
obtained from highly superheated steam generated 

while in the second part he gave an account of 
the locomotive No. 10,000 which has been built 
to his designs for the London and North-Eastern 
Railway. The steam pressure in this locomotive is 
450 lb. per sq. in. Completed in 1929, No. 10,000 
has since worked trains of more than 500 tons 
weight for long distances at express speeds with 
consistent success and reliability. There are 
indications that it will prove more economical in 
fuel than express engines of the normal type, but 
economy in maintenance costs will only be ap
parent after the engine has run for some years. 
In this locomotive there are two high-pressure 
cylinders and two low-pressure cylinders. As in 

FIG. I.-Boiler, constructed by Messrs. Yarrow and Co., Ltd., of the L.N.E.R. locomotive 
No. 10,000. By courtesy of Messrs. Yarrow and Co., Ltd. 

the other locomotives, the greatest 
interest lies in the boiler, which 
is the outcome of the collabora
tion of Mr. Gresleywith Mr. Harold 
Yarrow. The boiler (Fig. 1) is 
essentially a variant of the well
known and very successful boiler 
first invented by Sir Alfred Yarrow 
for fast naval vessels. In loco
motive No. 10,000 there is a single 
upper steam drum about 28 ft. in 
length and 3 ft. in diameter and 
two pairs of lower water drums ll 
ft. and 13l ft. in length respect
ively-one pair for the sides of the 
firebox and one pair for the sides 
of the flues. Curved water tubes 
run from the four lower drums to 
the upper drum. The distances 
between the steam drum and the 
water drums at the firebox end of 
the boiler are such that the lines 
joining the centres of the drums 
approximately form an equilateral 
triangle. The water drums in the 
flue space are much closer together. 
One interesting feature of the de
sign is the method of supporting 

in a high-pressure superheater surrounding the fire
box, while heat for the low-pressure boiler is obtained 
from the steam exhausting from the two high-pres
sure cyli.nders. The locomotive of this type was 
built for the German State Railways in Aprill930, 
but is apparently not running at the present time. 

The Swiss engine known as the Winterthur 
high-pressure locomotive was completed about 
the end of 1927. The locomotive weighs about 
90 tons and is fitted with a three-cylinder uni
flow engine with cam-operated poppet-valves, and 
exhaust passages round the middle of the cylinders. 
Steam is generated at 850 lb. pressure in a water 
tube boiler with one large upper drum and two 
small lower drums. Walls of water tubes form the 
sides of the firebox and other water tubes partially 
fill the flue space, which also contains a superheater 
and a feed heater. Trials of the locomotive have 
been made in Switzerland, Austria, and France, and 
during some recent runs a coal consumption of 
about 2! lb. per draw-bar horse power was recorded. 

About half of Mr. Gresley's paper was devoted 
to the American, German, and Swiss locomotives ; 
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the upper drum from the engine framing, so that 
while it is prevented from moving vertically or 
laterally, it can expand and contract longitudinally ; 
while another is the means adopted for ensuring 
the deposition of the mud in the drums and not in 
the tubes. Experience has shown that the boiler 
can be worked for a much longer period than the 
ordinary type of boiler before requiring washing 
out; and although there are 1536 points at which 
the tubes have been expanded into the drums, there 
has been no case of leakage. 

The ancillaries to the boiler include a feed 
heater and a superheater ; while by surrounding the 
whole boiler with a double casing through which 
the air can circulate, all the air for combustion can 
be preheated to about 250° F. 

A feature of the locomotive which has caused 
public comment is the forward end, where a short 
funnel is housed between blinker plates. This 
arrangement was adopted as the result of experi
ments made by Prof. W. E. Dalby with the object 
of finding some means of keeping smoke and sJ,eam 
clear of the cab windows. 
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