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pipes, and the protection of the joints by
means of asbestos packed cast iron deflectors
and baffles, but which are placed so as not to
prevent access for cleaning and repairs to the
boiler tubes or flues.

The superheating will assist materially in
producing more horse-power per pound of
coal consumed, and working under ordinary
conditions, an arrangement of this kind
should produce an economy in connection
with cross-compound engines of from five to
fifteen per cent.

As lubricants are now easily obtainable
with a flash point of from 780° to 790 Fahr.,
which will always be much higher than the
mean temperature of the cylinder walls, no
difficulty will be experienced in maintaining
efficient lubrication through the possibility of
the decomposition of the latter.

LAGGING AND JACKETING.

The coal pile represents an enormous per-
centage of the whole expense of operating a
railroad, while but a small portion of the
power it produces or can produce is utilized
in actual work, and the remark that "The
hand that manipulates the coal shovel reaches
from the firebox to the treasury of the rail-
road company," is often made. It has long
since been pointed out as regards the enor-
mous loss of power that has been continually
going to waste through heat radiation, and to
prevent which but rather indifferent efforts
have been put forth.

From the fact that the radiation from a hot
body increases as the temperature rises,
every attention should be given to the proper
clothing of all parts of locomotive boilers and
machinery that are generators and containers
of high pressure, which would otherwise be
exposed to the atmosphere. The rate at
which the loss of heat extends will depend
upon the difference in the temperature of the
body emitting the heat and the surrounding
atmosphere, and the condensation of steam
imside of an unprotected steam pipe is de-
pendent upon the atmosphere of the steam
Within, the temperature of the air without,
and the velocity of the movement of that air.
The metal composing the cylinders of steam
engines is such a good conductor of heat that
it responds instantly to the changes of tem-
Perature, and a great many efforts have been
made to keep the cylinders sufficiently hot to
prevent the wasteful effects of what are
known as initial condensation and re-evapora-
tion at the beginning of the return stroke. It
has been demonstrated repeatedly by careful
tests, and has been proven that a locomotive
engine wastes more steani by cylinder con-
densation than does any other form of steam
engine. The most successful remedy for this
waste of heat has been the compounding of
engines, which reduces the extremes of tem-
perature in one cylinder. Besides the prac-
tice of compounding, a variety of other me-
thods have been tried at other tinies to reduce
the waste due to cylinder of condensation,
One of these being steam jacketing, but little
success has attended these efforts. The
Main difficulty with steam jacketing is owing
to the fact that a proper method has not
been arrived at for draining these jackets,
vhich results in their being transformed into
condensers, on account of the water of
condensation being allowed to accumulate
in them.

Under ail the ordinary conditions, conden-
sation is so great as to warrant a considerable
expenditure for its prevention, and the mostpractical niethod for lagging cylinders and
uther surfaces transmitting steam is to make
ahdesign such as will locate these parts where
they Will be less exposed, and then make useOf a good non-conducting lagging having thea nin1Im facility for conveving heat, properly
applied, which will result in as practical a
mneans toprevent radiation as can be arrived
at at the present time.

The practice still in vogue of creating an
air space between the boiler, other steam
sheets, and the varions forms of lagging is of
no advantage, from the fact that the air space
so provided is not a dead air space. Air is
elastic and is expanded by heat, thus becom-
ing specifically lighter, and in that condition,
it rapidly diffuses itself into the air outside of
greater density, the colder air taking its
place. Even when hernetically sealed, air
cannot be considered as dead air, unless it is
also non-circulating, and to depend upon air
to prevent the escape of heat by radiation, it
must be held immovable and not allowed to
circulate, even in confined spaces, when there
will be no transmission of heat except by the
sluggish process of conduction.

In consideration of the proper material for
a lagging, the proper elements are non-con-
ductivity, efficiency, economical, ease of
application, structural strength to withstand
frequent removals and re-applications, free-
dom from corrosive acids, ability to with-
stand indefinitely the disintegrating effect of
the action of the heat, and the vibrations and
concussions incident to locomotive action.

In addition, the covering should be only of
material which is non-combustible and at the
same time of a porous or spongy nature,
with numerous air cells or spaces which
will retain air between the particles of the
substance.

Of the various material used for lagging,
magnesia can be considered one of the best
and most practical for use in connection with
locomotive service. This composition is of
strict neutrality, and composed of inert min-
eral matter that will exert no chemical action,
corrosive or otherwise, upon any metallic sur-
face with which it may be brought in contact.
It will remain unaltered under ail conditions
of heat and moisture which confront the cov-
erings of modern locomotives. It has quali-
ties of lightness, firmness, structural strength
and porosity, the latter quality especially,
upon which depends largely the efficiency as
a non-heat-conductor; and this quality being
most pronounced in magnesia, it affords the
greatest resistance to the transmission ofheat.
It can also be molded into sectional blocks of
any form and size desired for ready applica-
tion and removal.

Practical tests have proven that the loss
due to condensation of steam in the cylinders,
steam chests, cylinder heads and in other con-
duits of steaim about a locomotive, disregard-
ing entirely the question of the firebox and
boiler, of which the former, at least, is but
partially and imperfectly protected with any
kind of non-heat-conducting covering, varies
from io to 5o% of the whole amount of steam
consumed. This loss of heat energy can and
ought to be nearly ail prevented by a com-
plete and thorough insulation. It requires as
much fuel to produce one of the deserting
units of heat as it does one of the working
ones, and it is a fact that the outlay required
to remedy this condition. in comparison with
the immense waste involved in the enormous
and continuai loss of power and consequent
expense, is but of trivial importance. But
few of the locomotives in service to-day, es-
pecially on this continent, have any part of
the cylinder heads, steam chests, cylinders, or
any other heat radiating surfaces protected
with any' kind of non-heat-conducting cover-
ing, which should be done to increase the
efficiency of the engine, by at least partially
protecting these parts from the almost unre-
stricted drain of mechanical energy through
the dissipation of heat.

In this proposed locomotive, the design will
be such as will locate ail these steain contain-
ers where they wili be, as far as practicable,
the least exposed. AIl of the outside boiler
sheets, except the smokebox and combustion
chamber front, will be clothed with magnesia
sectional lagging, securely jacketed and
made detachable at points where periodical

inspections and tests at roundhouse points
will require its removal.

The cylinders and their covers,steam chests,
and aIl other conduits and containers of steam
will be lagged and jacketed in the same man-
ner, and it is expected that the saving in radia-
tion and condensation so effected by the addi-
tional first cost, will readily assert itself in the
saving of fuel.

REDUCTION OF CYLINDER CLEARANCE.

It has been demonstrated that it is not only
possible, but practicable, to reduce the cylin-
der clearance to as low as 2%, while in the
existing type of simple cylinder locomotives
the clearance averages from 5 to 10%. What
effect reduced clearance will have as re-
gards steam, and the consequent fuel con-
sumption, will be shown from the fact that
in a 20 in. X 26 in. simple cylinder the
effect of saving at different points of cut-
off in reducing the clearance from 1o to
2% will be from 31.5 to 2.5%. This percent-
age is calculated presuming that the steam
which fills the clearance spaces is entirely
wasted, which assumption, however, cannot
be considered correct for the reason that the
steam confined in the clearance spaces is not
ail lost, but does work during expansion, in
the same proportion as the expansive action
of the steani which is admitted behind the pis-
ton, in addition to what is confined in the
clearance spaces.

However, the wasteful effects of the large
amount of cylinder clearance in connection
with locomotive engines, especially those hav-
ing an arrangement of the usual type of pis-
ton valves in connection with single expan-
sion cylinders, make it necessary that this
cause for loss be given consideration.

In this locomotive a piston valve of such
length as will reduce to the limit the travel of
the steam from the chest to the ends of the
cylinder has been arranged in connection with
a steam chest located close to the high pres-
sure cylinder. On the low pressure side, a
balanced plain slide valve of a construction
and adjustment which will handle promptly
the large volume of steam which must pass it,
bas been adopted in order to reduce the clear-
ance space to a greater extent than would be
possible with a piston type of valve, which
would answer for the requirements. This
arrangement will provide for the least amount
of clearance space practicable from the valves
to the cylinders, and at the same time reduce
the effect of the valve friction to the minimum,
and give a proper steam distribution to the
pistons.

From the fact that the excessive back pres-
sure will be eliminated from the low pressure
cylinder, due to the exhaust steam not being
required to create an induced draft, and as
the less the back pressure the less the per-
centage of clearance space required, the
piston clearance can also be reduced to a
minimum.

A further feature which will favor making
the reduced clearance space practicable is the
superheating of the steam to overcome the ef-
fect of cylinder condensation.

CROSS-COMPOUNDING.

That the use of the cross-compound type ot
cylinders in connection with locomotive ser-
vice has passed the experimental stage is now
generally conceded by ail persons connected
with railway mechanical departments, and it
is also recognized as one of the known
methods for effecting a practical reduction in
locomotive fuel consumption.

The results of numerous road tests with
cross-compound locomotives, and which are
based on well substantiated claims of econ-
omical performance in freight service, show
economies in coal and water ranging from îo
to 3301, at speeds of 45 miles and under per
hour. Any increase in economy with an in-
crease in the speed mentioned is mainly due
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