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N the comparatively early days of the locomotive it

was recogmised that, if the boiler pressure were in-
creased, an economy in fuel consumption would be
effected. With the ordinary type of locomotive boiler,
however, such increases of pressure have generally
resulted in increasing the cost of boiler maintenance. The
boiler of the “Rocket,”’ as built by Stephenson, carried
a pressure of 50 1b. to the sq. in., and although progress
may appear to have been slow—as even now the number
of locomotives using pressures of 250 Ib. per sq. in. is
comparatively limited—it must be remembered that the
fire-tube principle, as embodied in the ““Rockel’s™ boiler,
has been adhered to. Pressures of over 300 1b. have been
tried in Germany and elsewhere, but with a boiler of the
Stephenson type, having a fire-box with large flat sur-
faces that require stays, 250 1b. per sq. in. may be taken
to be the highest practicable pressure when the cost of
boiler maintenance is borne in mind.

The use of steam at greater pressures than 250 Ib.
per sq. in., therefore, necessitates the adoption of the
water-tube type of boiler, and during the past 10 years
or so experiments in this direction have been a feature
of locomotive practice in various countries. Although
this type of beiler has been used in ships for almost 100

years, its application to the railway locomotive had not §

been considered practicable owing to the shocks and
vibrations to which it would be subjected under the
relatively rough conditions of railway work. In recent
years, however, numerous experiments have been carried
out in America, Germany, and Switzerland with high-
pressure water-tube boilers applied to locomotives. More
recently the problem was tackled
seriously in this country,
and the first practical
results took the form of
the L.N.E.R. locomotive
“No. 10000,” which was
completed in 1929. This locomo-
tive was the outcome of a great deal of
experimental work carried out jointly by Mr. H. N.
Gresley, the Chief Mechanical Engineer of the L.N.E.R.
and Mr. H. Yarrow of Glasgow, whose firm are famous
as specialists in the design and building of water-tube
boilers.

In “No. 10000" no revolutionary changes in design are
embodied. The engine is of the four-cylinder compound
type, the adoption of the compound principle being a
necessity in order to take the fullest advantage of the
high-pressure steam. The steam is supplied to the cylin-
ders by a specially-constructed water-tube boiler designed
jointly by Mr. Gresley and Mr. Yarrow, and built by the
latter’s firm. This boiler has given complete satisfaction,
and it is interesting to note that at no point where the
768 tubes are expanded into the various drums has any
sign of leakage occurred. In order to reduce scale forma-
tion in the boiler the feed-water is introduced at a
temperature of over 400 deg. F. Boiler steam, before
entering the high-pressure cylinders, is passed through
superheating elements in the central flue that raise
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the temperature to approximately 700 deg. F.

It is remarkable that the boiler, although at no point
in direct contact with the fire, is capable of supplying
20,000 1b. of steam per hour at a pressure of 450 lb. per
sq. in. This notable rate of evaporation is possible owing
to the large proportion of the heating surface that is
subject to the direct latent
heat. In the loco-

motive boiler of the
ordinary fire-tube or Stephenson type, only the fire-box
is subject to latent heat, and the rate of evaporation in
the neighbourhood of the tubes is much below that
near the fire-box sides. All the vital parts of the boiler
and superheater are protected from direct heat by brick
columns, thus ensuring a long life for these portions of
the locomotive.

In order to avoid unnecessary complications, the
steam used for auxiliary purposes is first passed through
a reducing valve, which delivers it to a manifold in the
cab at a pressure of 200 lb. per sq. in. It has thus been
possible to retain standard fittings for all'purposes except
the main safety valve, regulators and the water gauges,
which naturally are in direct communication with the
boiler.

The most noticeable external difference between this
locomotive and one of normal design lies in the shape of
the boiler and the cab, and in the apparent absence of a
chimney. The latter point, indeed, has been the cause
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of more popular comment than any other feature of the
engine. In designing the boiler it was found necessary to
provide extremely long water-tubes, which resulted in a
boiler of high pitch, so that it was impossible to mount a
chimney in the usual position. The difficulty was over-
come by sinking the chimney within casing plates, the
front end of the engine generally being so designed that
the smoke and exhaust steam would be thrown upward
for some distance and thus allow a clear view at all

> Fig. 1. A general view of the Meccano
S locomotive and tender, showing how well
the characteristics of “‘No. 10000 have

been reproduced.

times for the driver.
; In designing this portion of the
locomotive Mr. H. N. Gresley, together with
Prof. W. E. Dalby, made numerous tests with wooden
models of proposed designs. These were placed in a wind
tunnel, and powdered chalk was projected through the
chimney in place of smoke. The action of the chalk was
noted with speeds up to 50 m.p.h., the observations
being carried out through glass windows in the side of
the tunnel. These tests ultimately resulted in the present
design, where the streamlined chimney protrudes through
a leading-up surface, which deflects the air stream in an
upward direction. Theair streamis further concentrated by
means of the curved casing plates mentioned previously.
Thedesign has givencomplete satisfactionin actual service,
sufficient upward deflection of the exhaust being obtained
at all speeds without hindrance to the driver's view.

When the engine was originally built it was fitted with
two high-pressure cylinders 12 in. in diameter, and two
low-pressure cylinders 20 in. in diameter. After a period
of running, however, it was decided that the work would
be more equally distributed between the high-pressure
and low-pressure units if a reduction in the diameter in
the high-pressure cylinders were effected. This alteration
was therefore carried out, and as was expected resulted

in a more evenly balanced engine as a whole.

In order to secure the best results from compound

locomotives it is desirable that separate control for the
valve gears of the high-pressure and low-pressure cylin-
ders should be afforded. Ordinarily in a 4-cylinder com-
pound this would involve the provision of four separate
sets of valve gear. It is interesting, however, that “No.
10000,” although a 4-cylinder engine, has only two sets
of Walschaerts motion operating directly on the outside
high-pressure valve spindles. The low-pressure valves
are driven by means of a special connection incorporating
an ingenious arrangement patented by Mr. Gresley,
which enables separate points of cut-off to be reached in
the high-pressure and low-pressure cylinders, and is a
notable achievement in design.
In order to ensure as delicate control as possible, and
to take the fullest advantage of this refinement
in the design of the motion, telemotors have
¢ been provided to operate the steam reverser
B that governs the reversing and notching-up
movements. The reliability and ease in opera-
| tion of control by telemotors have long since
been proved in the steering gears of ships.
The cylinder drain cocks are also controlled
by a telemotor.

The locomotive 1s fitted with an LN .E.R.
8-wheeled corridor tender of the type de-
veloped for the London to Edinburgh non-stop
runs of “The Flying Scotsman.” This
carries sufficient coal for journeys of
this length, and is provided with a
scoop that enables the water supply
to be replenished from the track troughs
during the journey. The corridor runs down one side of
the tender, and enables the enginemen to be changed
when approximately half the journey has been com-
pleted, the relief crew travelling in the leading compart-
ment of the train. The total weight of the engine and
tender in working order is 166 tons so that “No. 10000”
is one of the heaviest locomotives in this country.

Since its construction the engine has been used ex-
tensively on a number of long runs, taking its turn with
the standard “‘Pacific”” locomotives in the working of
important expresses, including “The I'lying Scotsman.”
The results obtained as regards reliability and economical
fuel consumption appear to have been quite satisfactory,
but a prolonged period of use will be necessary before
economies in maintenance costs will become fully
apparent.

With regard to the initial expense of construction, the
forged steel drums in the boiler are the most expensive
components. As these are not in any way subjected to
the action of the fire, however, they may be expected
to have a long life. The cost of this water-tube boiler is
not greatly in excess of that of the usual “Pacific” type
of boiler with wide fire-box. The fire-box of a normal
locomotive is the most costly section, its life being short
and its renewal expensive. The water-tube boiler, how-
ever, requires no copper fire-box or fire-hox stays, so that
























