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the works were comnienceil two smail locomotives froin Creusot
were exnployed it houh ends of the tunnel. At first the houlers
of these enigines were filled witli air at a pressure of four atmlos-
phieres, but of course tlîeir capacity was far too sinail to rendier
them, of any service, and a cvlindrical reservoir of about 612 cubic,
feet eapacity, was addled by way of a tender to the engine. This
arrangîxelt is shoiun by Fig. 1 on page 338. As will be seenl
the elîgine i an ordiniary fouir-wheeled locomotive with a wheel
hase 36-37, and a weight'of 4ý tons. The air tender, to which
it is colipled, is carried upon eight wheels ; it is furnished in the
lipper part -with a valve, through wvhieh, by mneans of a flexible
tube, it is filled with air froin the compressor. Below is a second
valve through whieh the air is supplied to the englue, by ineans
of two copper pipes and a flexible length of rubber tube. The air
pipe of' the euigince passes through the fire-box and entera the
hoilers, where it expands and passes on the eylinders. The work-

ilgof the eugine la, with thue exception of filliiîg the tender as
jUtdescribed, and1 the absence of flring, exaetly the saine a

thto nordinary locomrotive. At the commencement of a trip
tegauge shýsapressure vrigbten9 b n 0 b

and aift4'r the transport of a train of twelve loaded wagons froin
the tulnnel to the spoil bank, a distance of froin 1600 ft. to 2000
ft., the pressure gauge 67.5 lb. The train eould then be taken
back eMpty, with -a final pressure of 30 lb. to 35 lb.

The following particulars of this engine anl( its average perfor-
mance Nvill be found of interest:

Weight of enigine ..........
44 tender aud trucks..
Cc sixteen wagons.

Load in dé" ".

4 tons 12 cwt.
7 di 8i

20 di
32 4

LegTotal weight of train ... 62 tons.
Legth of lue .................. 983 feet.

Ien pressure at starting...70 lb. per sq. ft.
44 stoppiug ... 57di 4

Capacity of air reservoir .... 612 euh. ft.
Length of stroke ................ 14.17 lii.
Dianieter of cylinders ............. 8.05 lu.

wheels .............. 29.92 in.

Althlough a very cumubrous aýparatus, the reservoir measuring
25.26 ft. long, and 63 in. in diameter, these two engines, the
" Reuss" and the diTessin," have worked at Goescheruen and
Airolo frolil December 1873 ntil the present tinie, and they have
ivorked veryj econoînieally, the whole of the air being suî>îlied
froin th, existing compressors, wbich is not the case with the uiew
engine w-e illustrate. It may be meîîtioned, moreover, that at
these great heiglits, coal coats more than 41. a ton.

Without entering into any detailed calculations we may note
as a result of numerous experiments made with the two englues,
that they have showmî a high effective duty. When the eniginie
ia at work, the chief losa occurs between the slde valves and their
faces ; this losa of air of course increases wlth the pressure, and it
18 therefore found advautageous to work at as low pressures as
Possible. When tlîis la doue, moreover, the cooling of the cylin-
ders duc> to the expansion of the air, is of course leas considerable
than at bigher pressure. The cooling of the air becomes a source
of great ineonvenlence, wheui workiug at the higlier pressures, 7
atmnosldîeres for exaxuples, and with a high rate of expansion.

As the air pressure constaiitly varies lu the reservoir, the drniver
ought-to obtalu a constant work in the cylinders-to var3- the
Point of air admission, but this caunot be doue gradually, s0 that
the air in the reservoir la Wasted, and the distance tliat eau be
traversed is rednedl.

These unfavotirable conditions led the engineer of the tunnel,
M.Ribourt, to attenupt to fulfil thte folîowvîng conditions:
u1 . To introduce the air at a low pressure into the cylinder

snbt a Way that the eut-off should he at one-haîf or two-
thirds of y toe

2. To seheule anl apparatus whiehi should maintaiîî, autoina-
tically, a constant pressure for the cylinders, no matter what
may he the Pressure ini the boler.

These conditions appear to have been fulfilled lu the air
locomotive, W1ith the automnatic reducing apparatus, which we
will non proeeed to deseribe.

The machine wîuicî is illu-trated oII the page 365, De-
cexuber number, consista: 1. 0f an ordinary locomotive trame,
axies, w-heels, cylinders, reversing levers, &c., without any ino-
difieatioîî to be alluded to.

2. 0f a maini cYlimîdrcal. reservoir, A, containing the snpply
of air at as highi Pressure as possible. This pressure of course
gradnally diminished with the workiug of the nmachine.

3. 0f the automnatie, reducing way R, ini which the air is ex-
panded froi its variable pressure in the reservoir, to the con-
stanît working pressure to the cylinders.

4. 0f a smali reservoir B placed hetween the distributor juat
named and the cylînders, and used as an air chamber to absorb
any shocks, caused in starting or stopping the engine.

The pressure iii the main reservoir is limited by the capacity
of the compressor, sud by the efllciency of the joints of the
pipes. The maximum is reachied at St. Crothard at 210 lb. By
a special arrangement lu cases where the compressors will give a
defective duty iii raising the pressure front 151b. to 2011h., they
are'adapted to force in the air already comnpressed to 105 IL,
raising it to the final pressure of 210 lb.

As above ineutioned, it is advîsable to admit the air into the
cyliniders at a' iow pressure, and to make the expansion as
complete as possible. When this pressure is once reguiated by
the automatie reducing valve, it cau be iucreased or (liiuished,
accordiug to the gradient of the road, the weîght to he hiauled,
or to otlier requirements of the traffic, by simiply a(ljustinig the
screw- which regulates the spring of the valve.

This apparatus la composed of a cylinder AA, Fi- . 2 and 3,
samne page, the interior of which is placed in connection), by
means ot'a pipe Z, with the main reservoir, ini which the pres.
sure may be either constant or variable. For a portion of its
length the cylinder AA la enciosed iii a casing BB. The an-
nular space betweenl the cylinder and the casing is fllled wvith
the expanded air, which eau escape by the pipe Y. The sides
of the cylinder ini the portions within the casing BB are pier-
ced with two series of holes a a and b b. The end of the cylin-
der towards which the latter are placed is closed with a cover,
the other end beîng open to the atinosphere.

Withiui the cylinder A la a moveable apparatus composed of
a cylinder (', fitting easily, and in onue piece with a rod X, on
which are fixed two pistons V and H-. The cylinder C is pier-
ced with a series of b oies e, which aceording to the position of
the mnovable systemr coincides either with the holes a a, or with
the spaces ieft between these holes, lu which case ail escape of
the air is prevented. Durlng the movement of tItis part of the
apparatus, the l)iston V is always between the serles of hoies a
and b. It follows that the space between the bottom of the cylin-
der and the piston V is always lu communication with the annu-
lar space B containing the expanded air. The two pistons V and
H being of the saine diameter, the moving portions remaîns
always in a condition of equilibriuin.

The end of the rod X carnies a plate K, and opposite to it
la another plate L, carried hy a screwed spindie Mwbich la
maintainied at a constant distance from the cylinder A. A
spring N la interposed between the two plates, and tends always
to kee~ thein separated. The plate L, heing fixed in relationi to

teyiinder A, the sprlng N tends to force the movabie portion
towards the bottoin of the cylinder, and so, to keep) the holes e, of
the movahie cylinder opposite the lioles a, of the flxed one. If
eoînpressed air be admitted into Z, it fl.ows through the openings
e and a and expands into the annular spaee B. In passing through
the holes b it produces, by reason of its pressure, a nmotion of the
piston V, opposed to the spring N. Wheu bhis effort becomes
greater than that exerted by the spring, the movable portion of
the app aratus advauces towards the openi end ot the cylinder, aud
the hles a are closed.

'Wheii there is a continued flow of compressed air tbrough Y
the movabie cylinder C takes intermediate positions, the holes e

p artially coinciding with the boles a, s0 as to uncover miore or
lesa of their area, the dimensions of these rupenings dependiug
directly upon the Pressure of the air, increasing if this dinmnislîes
and vice Versa. The pressure to which these resuits are due,
depends oIlly 011 the tension of the spring, no matter what the
initial pressure of the air inay be at Z. If therefore air be admit-
ted, under either a constant or a variable pressure, it wlll flow
froin Y, at a constant p)ressure, aiways inferior of course, to the
initial pressure.

When the pressure in Y is once deterunined by uneans of the
spring N, it may be regulated at will within certain limit, by
mneans of the screw M, by which the tension of the spring mnay be
increased or diminished.

It will he seen fromn the above description that by means of thia
apparatus applied to the compressed air engine, the expansion of
the air is effected by means of variable openings, the area of whieh
is flxed by the pressure acting on the piston' forîning part of the
apparatus, and balanced hy a spring, the tension of which fixes
the amount of the pressure. By adjusting the spring by mneaus
of a hand-wiîeel and screw, a range of pressures cari be coin-
nîanded with the sanie apparatus.
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