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cord that will stretch is to be avoided, Good judgment
is required in putting the proper tension on the paper
barrel spring for differently speeded engines. The indica-
tor springs should be tested occasionally to see if they
agree with a standard steam gauge of known accuracy.
Do not use too light a spring for the pressure. If the
instrument is a reliable one, and the necessary precautions
have been taken in every particular, the diagram will then
show you the pressure acting on the piston on both sides:
and at any part of the stroke during one revolution of the
engine, and that is all it will do. Knowing the scale of
the spring, it i3 an easy matter to determine the pressure
at any point of the stroke. This little tell-tale instrument
will leave on a piece of paper a good deal of information,
providing the atmospheric pressure line is properly estab-
lished on the diagram. It is of the greatest importance
that this line be drawn correctly, as it is the neutra) line
of the diagram, and from it all pressures above and below
must be determined. After removing the card from the
paper barrel, it is advisable that all data be made on it as
complete as possible, and then will its study be pleasant
and profitable.

The following terms are used in speaking of the differ-
ent lines and curves: The atmospheric line, vacuum line,
admission line, steam line, exhaust line, counter pressure
line, compression and expansion curve. The beginning
and termination of some of these lines are called points,
and their continuation indicates periods in the stroke of
the piston. Technical terms for pressure are as follows:
Boiler pressure, absolute pressure, initial pressure, cut-off
pressure, terminal pressure, back pressure, and mean
effective pressure. The mean eftective pressure is what
we must find in order to calculate the indicated horse-
power of the engine, and the indicator card is the only
means of getting it correctly.

Having once established the mearn effective pressure
from the diagram, the work donein one stroke, in foot
pounds, can be calculated as follows: Multiply 144 by the
mean cffective pressure, and by the cylinder volume in
cubic feet, displaced by the piston. Two simple and
casily remembered rules for finding the indicated horse-
power when the mean effective pressure is known, are as
follows: 1. Multiply the mean eflective pressure by the
cylinder area in square inches aud by the piston speed in
feet per minute, and divide by 33,000. 2. Multiply the
mean effective pressure by the length of the stroke in feet,
by the area of the cylinder in square inches, and the num-
ber of strokes per minute, and this, divided by 33,000, will
equal the indicated horse-power. From the foregoing it
can easily be seen that the indicator is invaluable in de-
termining the work done by an engine.

But this is not all, by any means. An analysis of the
expansion curve, which requires considerable knowledge
and accurate working from a geometrical and arithmetical
standpoint, is of great value, and the nearer the actual
expansion curve of the diagram approaches the theoretical
(often called the equilateral hyperbola), the greater will be
the economy. A considerable deviation from the actual
and the hyperbolic curve impels the engineer to think and
to reason out the cause. A leaky piston, a leaky steam
valve, re-evaporation in a cylinder, or a leaky exhaust
valve—all these tend to bring about an expansion curve,
which is not in accordance with the law of gaseslaid down
by Mariotte, viz., that the volume should vary inversely as
the pressure. This, of course, is o some extent an impossi-
bility in an engine cylinder, owing to loss of heat and
leakage. Nevertheless, diagrams have been taken from
steam engines which are a credit to the engineer, as well
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as to the engine builder, and are almost identical in the
expansion curve to the hyperbola. It is not advisable to
come to hasty conclusions in regard to the expansion and
compression curve, as well as other lines, because the laws
of nature can have quite an influence in this respect, owing
to the surroundings and ccuditions under which a steam
engine may be workiug. The engineer well knows that
dry steam shonld be furnished to an engine; therefore, it
is reasonaliie to state that the steam boiler at times can
be held responsible for a diagram which does not approach
the ideal. If the steam pipe leading to the boiler is too
small in diameter, the indicator diagram will give an indi-
cation of it, but this should be verified with the diagrams
taken direct from the steam chest or the steam pipe. The
indicator card will furnish the means of knowing how the
steam is distributed in the cylinder. If the valve gear is
not properly working the card will show it. With calcula-
tions from the diagram we can find with what sort of
economy, mechanically and thermodynamically, the engine
is working, and if underloaded or overloaded the engineer
will be in a position to advise his employer exactly what
changes should be madein order to insure greater economy
in fuel. The steam line may show considerable initial ex-
pansion or loss of boiler pressure, and the back pressure
line can point out excessive resistance to the piston. Both
cases are evidence of wasteful expenditure of steam.

Economy to the engineer means keeping down the
fuel account, having small bills for repairs, little or no loss
from shut-downs, regular speed, and the least possible loss
from deterioration. The engineer must be guided by
circumstances, and if he finds himself confronted with
conditions that render the attaining of strict economy
impossible, he then can only make the best of bad sur-
roundings. Steam engine economy is made up of many
factors, and it is to be hoped that the endless study and
exertion on the part of the intelligent and ambitious
engineer will be appreciated by the employer.

It is my belief that many steam plant owners or
managers are willing to assist the engineer financially in
obtaining such an instrument as the indicator, as well as
other most valuable appliances which would serve as aids

" in many instances to the greatest economy.

My employers, The Advertiser Printing and Publish-
ing Company, of London, have recognizéd the wisdom of
this, and assisted me to the extent of $50 in purchasing an
indicator in 18g3, and also obtaining for me in 1896 a {ree
engineer’s scholarship with the International Correspond-
ence Schools in Scranton, Pa.
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For THE CANADIAN ENGINEER.
COrPOUND, DIAGONAL PADDLE ENGINES.

Qn page 127 is.shown the side elevation and plan of
the engines of the steel paddle steamer being built by the
Polson Iron Works, of Toronto, for the Pembroke Navi-
gation Co., from the designs of Arch. P. Rankin, consult-
ing engineer, of Toronto,

The hull, which is of steel throughout, is 125 feet long,
21 feet beam, 7 feet 6inches deep, and 4 feet g inches
draught, and the estimated speed is 14 miles per hour.

The engines arc of the compound, direct-acting,
diagonal type, which has of late years become very
popular for paddle steamers, its chief advantages amung
others being that the weight is better distributed along
the keel, and the stresses set up by its action are chiefly in
a fore and aft, and downward direction, and therefore
easily resisted hy the natural structure of the vessel.
Moreover, with this class of engine the chief working
parts are in full view of the engineer from the starting




