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REPORT

ON

THE STEA.CHT SIESTA..

New York City, March 3,1883.

qJ Sir : The Herreshoff Manufacturing Company, of Bristol, B. I., hav-
ing kindly placed at my disposal, for the purpose of making a limited
number of experiments, the steam-yacht Siesta, just built by them for
Mr. Hulbert H. Warner, of Bochester, N. Y., I accepted the offer and

p was able to satisfactorily complete the trials that form the subject ofU this report, which is respectfully submitted for the information of the
Bureau.

I I regret I had not the assistance of a board of naval engineers, and
2 that the trials could not be longer in their duration and more varied in

their conditions. The limit of time was fixed by the fact that the ves-
. sel had to be delivered to her proprietor as soon as completed; and the
want of the assistance of a board of naval engineers was supplied as
far as possible by the Herreshoff Manufacturing Company assigning me
a sufficient number ot the best qualified persons in their employ for the
purpose. During the experiments the carpenters were on board finish-
ing the joiner work, but in all other respects the hull and machinery
were in proper condition for trial.

The duration of each experiment was confined to the shortest time in
which reliable results could be secured, with the view of making as many
experiments under different conditions as possible, and it is believed no
better distribution of the limited time could be effected.

Of course the entire, and by no means inconsiderable, expense was
borne by the Messrs. Herreshoff, who showed in this their well-known
liberality and their desire for the improvement of steam machinery. To
them, therefore, the reader is indebted for the very valuable and interest-
ing facts which these trials have established. Among them the entirely
novel one of the great influence exercised on the economy of the com-
pound engine by the more or less short cutting off of the steam in the
large cylinder. Certainly, the variation of the cut-off of the large cylin-
der, that of the small cylinder remaining constant, does not theoretically
affect the measure of expansion with which the steam is used, but it so
affects the distribution of the steam in the two cylinders as to cause a
very important difference in the economic result. This fact was first
pointed out by me in a report on the Herreshoff system of motive ma-

-chinery as applied to the steam-yacht Leila, made to the Bureau of
Steam-Engineering on June 3,1881, and it receives in these experiments
with the motive machinery of the Siesta the strongest confirmation.

In the following pages will be found the detailed dimensions and de-
scriptions of the hull and machinery of the Siesta; an account of the
manner in which the experiments were made, and why they were so
made; tables containing, in extenxo, the data and results of the experi-
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ments 5 explanations of the quantities in these tables; and, finally, a
discussion of the results followed by the opinions based upon them.
There will also be found a drawing of the Siesta's boiler, which is an
entirely new modification of the well-known coil boiler, patented and
heretofore constructed by the Herreshoff Manufacturing Company.

HULL.

The construction of the hull is composite, the frame being of angle
iron planked with southern pine. The hull is not coppered, the intended
service of the vessel being in the fresh water of the Saint Lawrence River
and the great northern lakes. The stem and stern-post are of wood. A
house erected upon the deck forms the upper portion of the cabin and
of the space occupied by the engine and boiler, forward of which is a
large dining-room entirely above deck, and the pilot-house, still more
elevated. A narrow passage extends between these constructions and
the light bulwark rising about 2 feet above the vessel's side. There are
two masts fitted with a light schooner rig. The deck beams are of wood.
There is no skeg at the stern descending below the bottom of the keel;
the keel itself extends beneath the screw and terminates at a wooden

rudder-post to which a metallic rudder is pintaled in the usual manner.
The frames are of inch thick angle-iron, molded 3 inches and sided
2 inches, and are placed 18 inches apart from center to center. The
bottom planks are 2£ inches thick, and the side planks are 2 inches thick.
The deck planks are If inches thick. The keel and rudder-post are 8
inches broad.

The fore body of the hull has very sharp water lines, but the after
body preserves on deck quite to the stern nearly the breadth at the
greatest immersed transverse section, which allows an unusually spacious
cabin, though causing the water lines aft to appear more than ordinarily
full. The two bodies of the hull are made to lap over each other as much
as practicable so as to obtain as great a length as possible for each. No
speed is sacrificedby this principle, nor are the vessel's qualities in smooth
water any way injured.

The following are the principal dimensions and proportions of the hull
at the experimental draught of water, which was that below given and
to which all the dimensions and calculations refer. The vessel carried

no load except the 16 persons embarked and two days' supply of coal.
Extreme length on top of deck 96 feet.
Length on water line from forward edge of stem to after edge

of stern-post 90 feet 4 inches.
Extreme breadth on top of deck 17 feet.
Extreme breadth on water line 15 feet 2 inches.
Depth of hull amidship from lower edge of rabbet of keel to

top of sheer plank 8 feet 4 inches.
Depth at stem from water line to lower edge of rabbet of keel. 4 feet 9i inches.
Depth amidship from water line to lower edge of rabbet of

keel 4 feet 9* inches.
Depth at stern from water line to lower edge of rabbet ofkeel. 4 feet 2 inches.
Depth of keel, uniform below lower edge of its rabbet 10 inches.
Siding of keel 8 inches.
Draught of water forward from bottom of keel 5 feet 8 inches.
Draught of water amidship from bottom of keel 5 feet 8 inches.
Draught of water aft from bottom of keel 5 feet 1 inch.
Area of the water section 878.72 square feet.
Area of the greatest immersed transverse section, above the

lower edge of the rabbet of the keel 42.48 square feet.
Area of the greatest immersed transverse section, including

projected area of the keel 43.0633 square feet.
Displacement above lower edge of rabbet of keel 2178.56 cubic feet.
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Displacement, including keel and rudder-post
Displacement, including keel and rudder-post
Area of external wetted or immersed surface of hull, exclusive

2234.00 cubic feet.
63. 83 tons.

of keel, rudder-post, and rudder
Area of surfaces of keel
Area of surfaces of rudder

1203.20 square feet.
214.80 square feet.

20.00 square feet.
Aggregate area of wetted surfaces of hull, keel, and rudder.. 1438. 00 square feet.
Ratio of the length to the breadth on the water section 5. 95604
Ratio ofthe water section to its circumscribing parallelogram. 0.64138
Ratio of the greatest immersed transverse section to its cir-

cumscribing parallelogram 0.58453
Ratio of the displacement above the lower edge of rabbet of

Ratio of the displacement above the lower edge of rabbet of
keel to a solid having the greatest immersed transverse sec-
tion for base, and the length on the load-water line from for-
ward edge of stem to after edge of stern-post for height.... 0.56772

The stem and stern-post are chamfered to the vessel's form.
The entire bottom of the hull was thickly and smoothly painted, pre-

vious to which the planking was carefully sand-papered.

The Siesta is fitted with a vertical, direct-action, condensing, com-
pound engine, whose two cylinders are placed side by side above the
crank shaft, with their axes in the central vertical, longitudinal plane
of the vessel. Each cylinder is supported on a cast-iron frame of two
legs, the inner sides of which are bored to segments of a circle and act
as guides for the main cross-head. The cast-iron frames are secured
upon a cast-iron bed plate which is bolted to the keelsons and supports
the crank-shaft pillow-block, pumps, and reservoirs.

There is one piston-rod to each cylinder, extending through only the
lower head of the cylinder. The cross-sections of the connecting rods
are rectangular, and the forward and after rods have cross-sections of
different dimensions.

The valve chests are placed between the cylinders, each chest being
distinct and having its own separate cover. Each chest contains the
steam valve and the cut-off valve of its respective cylinder 5 both valves
are slides working under the full steam pressure, and the cut-off valve
moves on the back of the steam valve. The steam valve is operated by
the usual Stephenson link and two eccentrics, the link being attached
directly to the valve-stem, while the eccentrics are immediately beneath
upon the crank-shaft. The cut-off valve is adjustable by means of a
sliding bar connected with the valve-stem, and is operated by an inde-
pendent eccentric placed directly beneath it on the crank-shaft. The
steam valve is a three-ported slide. The cut-off valve working on the
back of the steam valve is a plate with two steam passages through it.
The throttle valve is a screw disk placed in the steam pipe, just in ad-
vance of the valve chest of the small cylinder. The cylinders are not
steam-jacketed, and the steam is not superheated by any special con-
trivance for that purpose.

The crank-shaft, with its two after cranks and after crank-pin, is a
a single forging of steel, the forward crank being single and forged
separately. The forward crank-pin is also a separate forging and over-
hangs the forward crank. Each crank carries its own counterbalance.
The crank-shaft is supported by three pillow-blocks. Its

'

atter journal
has the thrust collars made upon it, and its after pillow-block receives
the thrust of the screw.

There is one air-pump; it is vertical, lifting, and single acting; it has

circumscribing parallelopiped
disnlacement above the lowe

keel to its on

lowerof
0
.33185

ENGINE.
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Area of the steam-port of the large cylinder 21 square inches.
Length of the exhaust-port of the large cylinder 14 inches.
Breadth of the exhaust-port of the large cylinder 2f inches.
Area of the exhaust-port of the large cylinder 36.75 square inches.
Length of the steam-port in the cut-off valve of the large

cylinder 14 inches.
Breadth of the steam-port in the cut-off valve of the large

cylinder Ift inches.
Area of the steam-port in the cut-off valve of the large

cylinder 16.625 square inches.
Length of the passage in the cut-off valve of the large

cylinder 2£ inches.
Aggregate interior surface of the large cylinder and one

steam-passage, including half the surface of the piston-
rod and the surface of one side of the piston 2,338 square inches.

Eatio of the space displacement of the piston of the large
cylinder, per stroke, to that of the small cylinder 2.962275.

Depth of the piston of the large cylinder at the circum-
ference 2£ inches.

Thickness of the metal of both cylinders inch.
Depth of packing ring in both cylinders J inch.
Diameter of the air pump (single acting) 6 inches.
Diameter of the air pump piston-rod H inches.
Stroke of the air-pump piston 6t inches.
Space displacement of the air pump piston, per stroke. 0.098669 cubic foot.
Diameter of the feed pump and of the circulating pump

(single acting) 14- inches.
Stroke of the plungers of the feed pump and circulating

pump 18 inches.
Space displacement of the plungers of the feed pump and

circulating pump, per stroke 0.0103544 cubic foot.
Diameter of the shell of the condenser 20 inches.
Length of the shell of the condenser 29} inches.
Number of tubes (brass) in the coudenser 731
Outside diameter tubes i inch.
Length of tubes between plates 29i inches.
Condensing surface in tubes, measured on outside cir

cumference 235.233 square feet.
Number of crank-shaft journals 3
Diameter of crank-shaft journals 3f:
Length of crank shaft journals 8 inches.
Diameter of forward crank-pin journal 2 inches.
Length of forward crank-pin journal 4£ inches.
Diameter of after crank-pin journal 3} inches.
Length of after crank-pin journals 3| inches.
Diameter of cross-head journal 2 . inches. ,
Length of cross-he d journal 3t inches.
Diameter of line shaft (iron) 3$ inches.
Length of both connecting rods between centers 49£ inches.
Breadth of forward connecting rod at cross-head end.If inches.
Depth of forward connecting rod at cross-head end 1 inch.
Breadth of forward connecting rod at crank pin end.. - - 2± inches.
Depth offorward connecting rod at crank-pin end 1 inch.
Breadth of after connecting rod at crank-pin end 2$ inches.
Depth of after connecting rod at cross-head end and at

crank-pin end 1 inch.
Width or eccentric straps for the Stephenson links 2i inches.
Width of eccentric straps for the cut-off valves H inches.
Number of thrust collars on crank-shaft 5.
Inside diameter of thrust collars 31 inches.
Outside diameter of thrust collars 5 inches.
Breadth, fore and aft the shaft, of the thrust collars.... i inch.
Width of the forward crank (forced on crank-shaft by

hydraulic pressure) 3i inches.
Width of the after cranks (forged on crank-shaft) 2} inches.
Length occupied in the vessel by the engine 66 inches.
Breadth occupied in the vessel by the engine, exclusive

of'condenser : 36 inches.
Extreme height of engine above the axis of its shaft... 96 inches.
Extreme height of engine above the bottom of its bed

plate HI inches.
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SCREW.

There is one true screw of brass with uniform pitch and four blades
equiapaced around the axis. The blades are at right angles\o the axis;
their forward and after edges when viewed in projection on a plane par-
allel to the axis, are parallel. The outboard end of the screw-shaft is
cased with brass, and supported by a lignum vitae bearing.
tThe following are the dimensions of the screw:

Diameter of the screw 55 inches.
Diameter of the hub 7 inches.

Pitch (uniform) : 8 feet.
Number of blades 4

Length of the screw (uniform from hub to periphery).. 9f inches.
Praction of the pitch used 0. 40625.
Helicoidal area of the screw blades 9.4564 square feet.
Projected area of the screw blades on a plane at right

angles to axis 6.5941 square feet.

BOILER.

(See drawing.)

There is one Herreshoff coil boiler with a single furnace; both boiler
and furnace being circular in horizontal projection. The boiler is formed
of a continuous wrought-iron pipe of different diameters, composing the
heating surface, and is coiled spirally and symmetrically around and
over the furnace.

The continuous pipe is arranged in three different kinds of coil: (1)
An outside vertical coil wound around an imaginary right cylinder and
forming the outside of the boiler; in this coil the spirals of pipe touch
or are in contact, that is, no space is left between them. (2) Three hor-
izontal coils placed one above another and separated vertically by a space
one inch high in the clear. These three coils are exactly alike and form
the top of the above imaginary cylinder; their spirals are separated by
a slight distance in order to allow the passage of the gases of combus-
tion between them. (3) An inside coil lying within the imaginary cyl-
inder above referred to and so inclined over the grate as to form the
frusta of two cones, one superimposed upon the other. The spirals of
this coil are separated by slight distances to allow the passage of the
gases of combustion between them. The upper diameter of the upper
frustum is made as small as the iron pipe can be coiled to,

and the

opening thus left is completely closed by a plate of boiler iron, so as to
prevent the passage of the gases of combustion through the opening.

The pipe composing the coils contains the water to be vaporized, and
the hot gases of combustion act on its exterior. The spirals of the first
or outside coil have only the inner half of their exterior thus acted on,
but those of the second and third coils are completely enveloped by these
gases.

The fire-grate, circular in plan, is inclosed by a circular wall of brick
masonry, on the top of which the coils rest; and the latter are surrounded
by a single sheet-iron cylindrical casing in contact with the outside of
the first coil. The uptake is a frustrum of a right cone and rests upon
the casing; it is double, and the inclosed space is filled with mineral
wool. The chimney rises from the center of the top of the uptake, the
vertical axis of the chimney and of the boiler being in the same line.
The whole of the gases of combustion passes first between the spirals
of the third or inside coil into the space between that coil, the first or
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outside coil, and the third or three upper coils, and then between the
spirals of the latter into the uptake, whence they are delivered by the
chimney.

The feed-water enters the lowest spiral of the first or outside or cylin-
drical coil, passing upwards successively through all the spirals of that
coil into the outer or greatest spiral of the upper of the three horizontal
convolutions of pipe forming the second coil at the top of the boiler,
thence successively through all the spirals of that convolution, after
which it enters the inner or smallest diameter spiral of the central of
the above three horizontal convolutions, passing successively through
the spirals of that convolution, and then in like manner entering the
outer or greatest diameter spiral of the lowest of the above three hori-
zontal convolutions, passing successively through the spirals of that
convolution, and finally entering the third or inside coil at the top in
the inner or smallest diameter spiral, descending successively through
all the spirals of that coil. The feed-water, in its passage through these
coils, is first heated from the temperature of the hot well to that of the
boiler, and then vaporized. According to the quantity of heat thrown
upon the coils, and to the quantity of feed-water pumped into them in
a given time, the feed-water may not be entirely vaporized until it ar-
rives in the lower spiral of the third or inside coil, or it may be entirely
vaporized at any previous spiral of any of the coils, in which case, ex-
cept for a device about to be described, the remaining spirals would act
as steam superheating surface, and possibly obtain too high a tempera-
ture, which latter condition is objectionable, both on account of injury
to the unprotected metal of the overheated spirals, especially those of
the third or inside coil, which are exposed to the intense direct radia-
tion from the incandescent fuel of the furnace and on account of the
valve-chests and steam cylinders of the engine, which would be in-
jured by the steam thus superheated. It is necessary, therefore, to
have the means of keeping the whole or whatever part of the heating
surface is desired covered with water, and for this purpose recourse is
had to a forced circulation of what may be called a superfluous quantity
of feed-water by a circulating pump, which, by continually drawing
this superfluous feed-water from the u separator" (a vessel to be here-
after described), into which the lowest end of the third or inside coil
discharges, and, forcing it into the lower convolution of the second or
horizontal coil, keeps the surfaces of all the spirals of all the coils cov-
ered with water if enough superfluous feed be employed, thereby en-
tirely preventing superheating, or regulates the degree of superheating
if a less quantity of the superfluous feed be pumped in.

The pressure in the coil pipe decreases gradually from the receiving
end of the first or outside coil to the delivering end of the third or in-
side coil. It is at the maximum where the feed-water enters, and at
the minimum where the steam and water are delivered. This difference
of pressure, caused mainly by the surface resistance of the spirals and
their continual deflection of the water from a straight course, reacts
against both the feed-pump and the circulating-pump, causing the feed-
ing of a Herreshoff coil boiler to be more expensive in power than the
feeding of other boilers. Were it not for this difference of pressure the
only power expended in working the circulating-pump would be that
due to overcoming the friction of its piston (which is recovered in most
part through the heating of the water by the heat equivalent of this
friction), and the resistance of its water to the inner surfaces and bends
of the pipe between the "separator" and the pump, and between the
pump and the lower convolution of the second coil. This additional



11

power-cost of feeding the Herreshoff boiler, is what is paid for the forced
circulation of the water within it.

From the delivering end of the third or inside coil, the mixed water
aud steam are projected into the "separator," which is merely a closed
cylindrical vessel distinct from and situate by the side of the boiler,
wherein the water by its greater gravity separates from the steam and
falls to the bottom, while the steam is carried off from the top by the
main steam-pipe which conducts it to the valve-chest of the small cylin-
der of the engine. All the feed-water is converted into steam. All the
circulating water remains water, collects in the bottom of the "separa-
tor," and is again forced by the circulating-pump into the lower horizon-
tal convolution of the second coil, and so on continually.

The "separator" acts both as the vessel in which the separation of
the water and steam takes place, and as a steam drum or reservoir for
maintaining an approximately constant pressure in the boiler during
the intermittent draughts of steam made from it by the engine. With-
out a circulating-pump, or its equivalent, and without a "separator," a
coil boiler could not be used. In this boiler the water and steam oc-

cupy exactly opposite positions to what they do in all other boilers, the
water being in the top of the boiler and above the steam, instead of, as
in other boilers, being at the bottom of the boiler, with the steam
above. This reversal of the usual relative position of the water and
steam in a boiler is rendered possible in a coil boiler by its being com-
posed of a single pipe of excessive length in proportion to inner diame-
ter, coiled with a very slight inclination or pitch, and by the very small
quantity of water in it, which, flowing slowly along the spirals of the
coil, has time to become vaporized in the progress. The action of
gravity alone upon the water in the coil would produce but a very slow
movement, and its circulation is due almost exclusively to the pumps,

Upon the separator" are placed the safety-valve, the steam-pres-
sure gauge, and a glass water-gauge for showing the height of the
water in the lower portion of the "separator." This height is the
water level to be carried, and its maintenance regulates the quantity
of superfluous feed-water to be forced into the boiler by the cir-
culating-pump. By properly proportioning that pump any quantity
of superfluous feed-water can be kept in circulation, and the current
forced over the heating surfaces in such a torrent as to sweep off the
steam bubbles as fast as formed, and to change and mix the water with
such rapidity as to obtain the maximum heating efficiency from a given
area of those surfaces in a given time. The glass water-gauge on the
" separator" answers the same purpose as the gauge-cocks on boilers of
the usual construction, and requires to be as closely watched, for on the
continuous passage through the coil-pipe of an excess of feed-water
over what is vaporized depends the preservation of the metal from
burning, and of the steam from too much superheating.

Owing to the small quantity of water in a coil boiler, and to the
small weight of metal in contact with it-being the weight of the coil
pipe only-steam can be raised to any working pressure in a few min-
utes and maintained as soon as raised. The.pipe itself is tested by hy-
drostatic pressure to one thousand pounds per square inch, and .its
cohesive resistance far exceeds this. The practical limit of pressure is
the strength of the engine, the strength of the boiler being so great that
it is practically inexplodible.

The furnace of the Siesta's boiler consists of a circular grate 5 feet 9
inches in diameter

, surrounded by a circular wall of fire brick laid in
fire-clay. The grate bars are of cast iron, 2 inches in depth, with their
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top and bottom parallel. The inside diameter of the wall is 5 feet 9
inches, and its outside diameter is 6 feet 7|f inches. The thickness of
the wall is 5£f inches, and its mean height above the bottom of the
grate-bars is 14£ inches; both it and the grate-bars rest upon a wrought-
iron ring 5 feet 6 inches in inner diameter, 6 feet 7 inches in outer
diameter, and half an inch in thickness. Below this ring, which forms
its cap, is a circular wall of common brick masonry 5 feet 9 inches in in-
side diameter, 6 feet inches in outside diameter, 5£ inches in thick-
ness, and 9£ inches in height on the outside. This wall incloses the
ash-pit, the bottom of which is sheet-iron lined with common brick
masonry 2J inches thick, and shaped like an inverted frustum of a cone.
The inner diameters-top and bottom-of this frustum are 5 feet 9
inches and2 feet 9 inches, respectively; height of frustum, 5 inches. The
opening for the ash-pit door is rectangular, 39 inches wide and 8 inches
high. Except this opening the ash-pit is entirely inclosed. The furnace
has but one door; it is rectangular, placed in the fire-brick wall above
the grate-bars, and has an opening 18 inches wide and 12 inches high.
The outer bottom corners of the furnace brick wall and of the ash-pit
brick wall are protected by a ring or hoop of angle iron sided 1£ inches,
and f of an inch thick. The wrought-iron ring supporting the grate-
ba

rs rests upon the upper angle-iron, and the sheet-iron of the bottom
of the ash-pit is secured to the lower angle-iron.

Upon the top of the brick wall inclosing the furnace rest the three
wils, formed of one continuous pipe of different diameters. The first
or outside coil is vertical and is composed of twenty-three spirals of
wrought iron lap-welded pipe wound around an imaginary right cylin-
der of 76.0125 inches diameter and 45.6 inches height, the spirals touch-
ing, that is, having no openings between them. Between the bottom
of this coil and the top of the brick wall inclosing the furnace is an
annular sheet-iron box, rectangular in cross-section and filled with min-
eral wool. This box is 1J inches wide and 4.4 inches high; its top
and part of its outer side are formed of a ring of angle-iron, and the
remainder of its outer side is formed of two rings of angle-iron back to
back. All these angle-irons are sided 1J inches and are f of an inch
in thickness. The pipe of this coil is 1.9 inches in outside diameter,
1

.494 inches in inside diameter, with the metal 0.203 inch in thickness.

The length of the axis of this coil is 469.3 feet; half the exterior sur-
face of this coil is 116.719603 square feet; half its interior surface is
91.778467 square feet, and its content is 5.7132113 cubic feet. The feed-
water from the reservoir enters this coil at the beginning of its lowest
spiral, and leaves it at the end of its highest spiral to immediately enter
the beginning of the outer spiral of the upper convolution of the second
or horizontal coil.

The second coil, which is a direct continuation of the first, is com-
posed of three horizontal convolutions, each containing thirteen spirals.
The convolutions are precisely alike. The corresponding spirals of the
upper and lower convolutions are placed vertically above each other;
those of the intermediate convolution are placed opposite the intervals
between the spirals of fhe other two convolutions. The least vertical
distance in the clear between the convolutions is one inch. The outside
diameter of each convolution is 78 inches and the inside diameter 17
iiiches. The wrought-iron lap-welded pipe from which it is made is
1.9 inches in outside diameter and 1.494 inches in inside diameter, with
the metal 0.203 inch thick. The length of the axis of the pipe of each
convolution is 156 feet, which, together with the two interior connections,
makes a total length of pipe, measured on its axis, for the three con-
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volutions of the second or horizontal coil, of 473.5 feet, the exterior
surface corresponding to which is 235.528370 square feet, the interior
surface 185.199676 square feet, and the content 5.76434165 cubic feet.
The calorimeter, or area for the passage of the gases of combustion
through the second coil, is 4.000000 square feet.

On the top of each of the three convolutions of the second or hori-
zontal coil are four bars of flat iron, If inches wide by § of an inch
thick, laid radially and equispaced, to which are secured by nuts the
0.483333 inch diameter round stirrup irons or staples which keep the
spirals of each of the three convolutions that distance asunder.

The third or inside coil is made by winding spirally the wrought-iron
lap-welded pipe of which it is composed, around a cast-iron shaper
formed of the frusta of two cones, the smaller frustum being super-
imposed upon the larger one, and their angle of junction rounded. The
lower or larger frustum is 67 inches diameter at base, 51 inches diameter
at top, and 43 inches high. The upper or smaller frustum is 51 inches
diameter at base, 12 inches diameter at top, and 7 inches high. The
angle of junction of these two frusta is rounded on a radius of 6 inches.

This third coil, which is a, direct continuation of the second coil, is

composed, commencing at the top, of a length of 3 feet of pipe, 1.9 inches
outside diameter, 1.494 inches inside diameter, and 0.203-inch thickness

of metal; outside area 1.492260 square feet, inside area 1.173388 square
feet, content 0.0365217 cubic foot. The space for the passage of the
gases of combustion between this length of pipe and its adjacent spiral
is inch wide, making the calorimeter or area for the passage of these
gases 0.015624375 square foot.

Next, of a length of 49 feet of pipe of 2.375 inches outside diameter
1.933 inches inside diameter, and 0.221 inch thickness of metal; outside
area 30.466975 square feet, inside area 24.796911 square feet, content
0

.9985923 cubic foot. The space for the passage of the gases of com-
bustion between adjacent spirals of this diameter pipe is inch wide,
making the calorimeter or area for the passage of these gases 0.765594375
square foot.

Next, of a length of 65 fetft of pipe of 2.875 inches outside diameter,
2.315 inches inside diameter, and 0.280 inch thickness of metal; outside

area 48.923875 square feet, inside area 39.394355 square feet, content
1.899956916 cubic feet. The space for the passage of the gases of com-
bustion between adjacent spirals of this diameter pipe is | inch wide,
making the calorimeter or area for the passage of these gases 2.0312&
square feet.

Last, of a length of 136 feet of pipe 3.500 inches outside diameter,,
2.892 inches inside diameter, and 0.304 inch thickness of metal; out-

side area 124.61680 square feet, inside area 102.969082 square feet,
content 6.203877166 cubic feet. The space for the passage of the gases-
of combustion between adjacent spirals of this diameter pipe is f inck
wide, making the calorimeter or area for the passage of these gases.
7.083333 square feet.

The length ot the axis of the wrought-iron lap-welded pipe compos-
ing the third or inside coil is 253 feet, corresponding to which is an out-
side area of 205.499910 square feet, an inside area of 168.333736 square
feet, and a content of 9.138948 cubic feet. The space for the passage of
the gases of combustion through this coil is 9.89580208 square feet.

On the outside of the third or inner coil there are four bars of flat

wrought iron, 3 inches wide and £ inch thick, laid vertically and equi-
spaced circumferentially, to which are secured by nuts the round stir-
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rup irons or staples which keep the spirals of that coil at the desired dis-
tance apart.

In order to prevent the pipe of the third or inside coil from straight-
ening from the pressure within it, the coil is held together by four
wrought-iron straps of J irich diameter, arranged upon its outside diag-
onally, passing slantwise from top to bottom and crossing at the center.

The length of the axis of the pipe of different diameters but uninter-
rupted continuity, composing the three coils of the boiler, is 1195.8 feet;
the outside heating surface of thi&pipe is 557.74788 square feet; its in-
side heating surface is 445.31188 square feet; and its content is 20.61650
eubic feet.

The three coils and the brick walls of the furnace and ash-pit are in-
dosed by a cylindrical casing of sheet iron of an inch thick and 80
inches in external diameter. The height of the casing is 7 feet 4 inches,
and it is in contact with the brick walls of the furnace and ash-pit and
with the exterior of the first or outside coil, which it hoops, and thus
keeps in position against the tendency of the pressure within the pipe
to straighen it. The height proper of the boiler is from the sheet-iron
bottom of the ash-pit at its lowest point td the top of the casing, namely,
7 feet 10 inches.

The uptake rests symmetrically upon the top of the casing, and is
composed of two parallel sheet-iron plates of an inch thick with a|l
inch wide intervening space filled with mineral wool, the top of the cas-
ing being stiffened with an angle iron hoop sided 1J inches, with f inch
thickness of metal, to support the uptake. In form the uptake is a frus-
tum of a right cone of 80 inches outside diameter at bottom, 23£ inches
outside diameter at top and 12 inches outside height.

The chimney rests upon the uptake, is 23J inches in diameter and 25
feet in height above the top of the grate. It is secured to the uptake by
an angle iron hoop.

The " separator " is an entirely distinct vessel placed by the side of the
boiler, with a space of 10 inches in the clear between them. It is a hol-
low cylinder of J-inch thick boiler plate, 15 inches in outside diameter,
and 72£ inches in height. The top and bottom of this cylinder are screwed
into hemispherical cast-iron ends. The total height of the " separator,"
including these ends, is 7 feet 4 inches. On the upper hemisphere the
safety-valve is placed, and it discharges into the condenser instead of
into the air. From the bottom of the lower hemisphere a pipe leads to
the circulating pump for the boiler. On the side of the cylinder, near
its bottom, is placed an ordinary glass water-gauge. Inside the cylin-
der is a standing pipe of i inch

"

thick boiler plate, 3£ inches in outside
diameter, the upper extremity of which is 3 feet below the upper end of
the cylinder; the bottom of this pipe is screwed into a cast-iron partition
forming a cylindrical cavity in the interior of the lower hemisphere,
which cavity communicates with the lower end of the third or inside
coil, and receives from it the water and steam from the boiler. From

the top of the upperhemisphere the steam is conducted to the valve chest
of the small cylinder of the engine. The bottom of the lower hemi-
sphere is fitted with a blow off pipe and cock for draining the " separa-
tor" and blowing out any sediment that may collect in it.

Beneath the boiler, immediately under its ash-pan, is a wrought-iron
water tank, 8J feet long, 3£ feet wide, and 13 inches deep. This tank is

filled with fresh M ater for renewiog any losses of water 'from the boiler
due to any cause whatever.
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The following are the principal dimensions and proportions of the
boiler:

Diameter of the boiler to outside of casing 80 inches.
Height of the boiler from bottom of ash-pit to top ofuptake. 106 inches,
Diameter of the furnace 69 inches.
Area of the grate surface : 25.9672 square feet.
Area of water-beating surface measured on the outside of the

coil pipe 557.74788 square feet.
Area of water-heating surface measured on the inside of the

coil-pipe 445.31188 square feet.
Aggregate area of tbe spaces between tbe spirals of the third .

or inside coil for the passage of the gases of combustion... 9.89580 square feet.
Aggregate area of the spaces between the spirals of the sec-

ond or horizontal coil, for the passage of the gases of com-
bustion 4.00000 square feet.

Cross area of the chimney 3.01202 square feet.
Diameter of the chimney 23.5 inches.
Height of the chimney above top of grate bars 25 feet.
Steam room in the separator 5.67130 cubic feet.
Height of steam room in tbe separator 5 feet.
Water room in the separator 2.34600 cubic feet.
Water room in the coil pipe, supposing tbe latter to be en-

tirely filled with water 20.61650 cubic feet.
Square feet of water-heating surface, measured on outside of

coil pipe, per square foot of grate surface 21.47894
Square feet of water-beating surface, measured on inside of

coil pipe, per square foot of grate surface 17.14901
Square feet of grate surface per square foot of space between

the spirals of the inside or third coil for the passage of the
gases of comImstion 2.63739

Square feet of grate surface per square foot of space between
the spirals of the horizontal or second coil for the passage
of the gases of combustion 6.49180

Square feet of grate surface per square foot of cross area of
chimney for the passage of the gases of combustion 8.62119

THE EXPERIMENTS.

With the vessel and machinery as described, there were made the ex-
periments whose data and results are given in the following tables.

Both cylinders of the compound engine being fitted with cut-off
valves variable for certain points of cutting off the steam, the purpose
of the experiments, among others, was to ascertain the manner and ex-
tent to which the economic development of the power was affected
by such changes of the distribution of the steam in the cylinders as
could be made by the possible variations of the valve gear. These va-
riations enabled the measure of expansion with which the steam was
used to be varied largely, other things remaining the same; and they
enabled

, by changing the cut-off point in the large cylinder, the back
pressure against the piston of the small cylinder to be varied, other
things remaining the same. The power developed by the engine, the
speed of its pistons, and the initial pressure on the piston of the small
cylinder, were also considerably varied with the view of determining
their effect upon the economy of the power. As there was no inten-
tional superheating of the steam in the boiler, and no cushioning of the
back pressures in the cylinders,

there were no variations in the economic
results due to these causes to be taken into the account. The experi-
ments

, at the same time, determined the economic and potential vapori-
zation of water in the boiler by anthracite consumed with natural
draught; the speeds of the vessel with the powers exerted; the slips
of the screw at the different speeds, and the corresponding resistances
of the hull. The cylinder condensations, both absolutely and relatively
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to the feed-water, were likewise ascertained at the point of cutting off
and at the end of the stroke of the piston of the small cylinder, and at
the end of the stroke of the piston of the large cylinder.

Most of the data and results will be found in the following two tablesy
namely, Table No. 1, and Table No. 1 continued,which two constitute in fact
only one table, the division having been made merely for facility ofmanip-
ulation. The consumption of anthracite is not given in these tables for
each of the experiments, because their duration was not long enough to
enable it to be determined with certainty. The economy of the power
is found, however, with certainty from the weight of feed-water pumped
into the boiler during each experiment, which weight admitted of beijig
ascertained with absolute precision. With the exception of the weight
of anthracite consumed, all the measured quantities for each experiment
aregiven in Tables No. 1 and No. 1 continued.

The speed of the vessel, slip of the screw, resistance of the hull, &c.,
were obtained for only five of the experiments out of the total twelve,
the vessel during only these five having been run over a measured base;
the remaining seven experiments, however, were made with the vessel
in free route in smooth water, and, with the exception of Experiment Gr7
which was made against a moderate head wind, in nearly calm air; but
these five included the greatest variations of the vessel's speed.

To fully and unquestionably determine the various problems in rela-
tion to the economic performance of the compound engine, touched by
these experiments, the latter should have been much more numerous
and of longer duration. The indispensable condition for exactness of
deduction, namely, that everything except the point at issue should be
precisely the same, could not be commanded with so few experiments;
and the mean quantities per hour from experiments so short compara-
bly with the powers developed, do not give as sure a guarantee as could
be desired for exactness. In short experiments special causes may be
in operation which would be neutralized in long experiments. The re-
sults are therefore offered, not as determining the cases absolutely, but
as throwing light upon new features of much practical importance in
the theory of the compound engine.

MANNER OF MAKING THE EXPERIMENTS.

The experiments were made on the 14th, 15th, 16th, and 22d of Juner
1882, but only those of the 22d June were made with the vessel run over a
measured base; therefore, in the case of only the latter was the vessel's
speed determined in addition to the determinations of the other experi-
ments.

The experiments of June 22 were all made in Narragansett Bay, and
each consisted of two consecutive runs between the Bristol Ferry light-
house, situated on a small rock in the bay and marking the upper end
of the base, and the lower end of the South Dumpling Kock lying in
the bay near its mouth and marking the lower end of the base. This
base was nearly a straight line of exactly twelve statute miles length,
or 63,360 feet. The vessel during each run was made to pass within a
few yards of each terminus of the base, so there could be no doubt of
the accuracy of the distance. - 1

For each run the time of passing each end of the base was taken by
two observers with a seconds watch; and, at the same instant, two
observers took the number on the engine-room counter, the difference
between which gave the number of double strokes made by the steam
pistons or of revolutions made by the screw in passing over the base.
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Simultaneously with these observations, the number of tanks of feed-
water on the tally board was also noted, which gave the weight of feed-
water pumped into the boiler during the run.

The weight of feed-water pumped into the boiler was ascertained
with absolute exactness by measurement in two duplicate tanks, con-
nected, and used alternately. Each tank contained 37.4 pounds of
water at the temperature of 64 degrees Fahrenheit, and wag made of tin.
The water of condensation was discharged by the air-pump from the
condenser through a hose into each tank alternately, and from the
tanks this water ran by gravity into the feed-water reservoir of the
engine, from which it was forced into the boiler by the feed-pump.
Every time a tank was emptied a mark was made on a tally-board kept
by a person especially detailed for that purpose.

The two tanks were cylindrical vessels placed side by side, nearly
touching, and each had a narrow cylindrical neck surmounted by a
funnel-shaped mouth at top. These necks were connected at bottom by
a small horizontal cylindrical pipe The center of the bottom of each
tank had a small pipe fitted with a stop-cock, which pipe delivered the
tank water into the feed-water reservoir; the reservoir end of the pipes
being in open sight. As soon as a tank was filled-the cock in its bot-
tom pipe being closed-the discharging hose from the air-pump chamber
was turned by an attendant into the other tank, and when the water
in the filled tank had fallen to the level of the lower side of the pipe
connecting the tanks, the cock was opened in the pipe leading from the

filled tank to the feed-water reservoir and that tank emptied, which
required but a few seconds, and then the cock was closed. When the
other tank became filled the same process was repeated, and so on
alternately. The temperature of the water in the tanks was noted
every ten minutes from a thermometer kept permanently immersed,
and the weight of water was corrected for this temperature.

The weight of anthracite consumed was ascertained for only June 227
and the weight of water vaporized by it was also ascertained. In com-
mencing the experiments of that day, the vessel being at anchor off the
city of Bristol, Ehode Island, the boiler was filled with water, and a

fire made with pine wood, whose weight was not noted, but which was
allowed to burn completely out by the time the steam had reached its
normal pressure. A new fire was then kindled with a weighed quan-
tity of pine wood, upon which, as soon as it was properly ignited, the
anthracite was thrown. When the latter had attained uniform combus-
tion, the vessel was got under way. No steam was blown into the at-
mosphere, nor was the engine stopped until after the vessel was an-
chored at night. The whole of the water delivered by the air-pump
from the first stroke of its piston to the last was measured in the tanks,

and this weight was the quantity vaporized by the anthracite and last
wood-fire during the day. All the anthracite consumed was accurately
weighed on a delicate steelyard, and all the refuse from it in ash,
clinker, etc., was similarly weighed in the dry state. After the con-
clusion of the day's experimenting, the fire, which up to the end of the
last run had been kept in uniform condition, was allowed to burn out
as the vessel returned to her anchorage, and the engine was kept in
operation until it stopped for want of steam, when the contents of the
furnace were drawn and the unconsumed coal picked out, weighed,

and
deducted from the quantity of anthracite expended.

While each experiment was being made, there were entered in the
appropriate columns of the log, or tabular record, at intervals of ten

10081 2
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minutes, the steam pressure in the boiler and in the receiver, the vacuum
in the condenser, the height of the barometer, the temperatures of the
air on deck, of the air in the engine and fire room, of the injection or bay
water, and of the feed-water in the tanks. Simultaneously, at intervals
of ten minutes, there was taken from each end of each cylinder an indi-
cator diagram. The means of all these observations are given in Table
No. 1.

Four excellent Kichardson indicators were used, and kept perma-
nently in position, one at each end of each cylinder, with which it was
connected by a short pipe of large bore. These instruments gave sat-
isfactory diagrams, the means of all which are recorded in Table No. 1.

The experiments made on the 14th, 15th, and 16th of June were con-
ducted in precisely the same manner as those above described, except
that instead of double runs being made consecutively over a base, the
vessel was steamed directly onward for a given time; the number on
the counter and on the feed-water tally-board being simultaneously
noted at the beginning and end of the time. These experiments were
made partly in Narragansett Bay and partly in Long Island Sound.

The water was smooth, and the wind never exceeded a gentle breeze
except in Experiment G, light airs to light breezes being the average;
but, as the effects of breeze and tide, for and against, were not neutral-
ized, the law of the proportionality of the net pressure on the pistons
to the square root of the number of double strokes made by the pistons
per minute cannot be confidently applied.

EXPLANATION OF TABLE NO. 1.

In Table No. 1 each column contains the data and results of an ex-

periment which, for facility of reference, is designated by a letter at the
head of the column. For the same reason, the different quantities are
grouped as they stand in natural relation, and the lines containing them
are numbered.

Line 1 contains the dates of the experiments; these latter do not suc-
ceed each other in the order of time, but are arranged according to the
measure of expansion with which the steam was intended to be used
in them combined with the point of cutting off in the large cylinder.

Totals.-Line 2 contains the duration of each experiment in hours
and decimals of an hour.

Line 3 contains the number of doubles trokes made by the pistons of
the engine during the time on line 2.

Line 4 contains the number of pounds of feed-water pumped into the
boiler during the time on line 2. This is the weight given by the tank
measurement corrected for differences of temperature.

Engine.-Line 5 contains the mean steam pressure in the li separa-
tor" of the boiler, in pounds per square inch above the atmosphere,
during the time on line 2, deduced from observations at ten minutes
intervals of a spring gauge.

Line 6 contains the mean steam pressure in the "receiver" between
the small and large cylinders, in pounds per square inch above the atmos-
phere, during the time on line 2, deduced from observations at ten min-
utes intervals of a spring gauge.

Line 7 contains the mean fraction completed of the stroke of the
piston of the small cylinder when the steam was cut off. And line 8
contains similarly the mean fraction completed of the stroke of the
piston of the large cylinder when its cut-off valve closed. These quan-
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titles are the means of all the indicator diagrams taken, and were
obtained by measurement on each diagram, the point at which the curve
of throttling reverses into the curve of expansion being taken for the
point of cutting off.

Line 9 contains the number of times the steam was expanded, calcu-
lated as follows:

Let a = the number of cubic feet from the face of the cut-off valve to
the point of cutting off in the small cylinder.

Let b = the number of cubic feet from the face of the steam valve to
the end of the stroke of the piston in the small cylinder.

Let c= the number of cubic feet from the face of the steam valve to
the end of the stroke of the piston in the large cylinder.

And, let E = the measure of expansion with which the steam is used,
or the number of times that the steam is expanded. Then

E a * b'

This equation would give accurately the number of times the steam
-was expanded, provided that no part of it were condensed in the cylin-
ders and that its temperature remained constant. The equation really
gives less than the measure of expansion for only such portion of the
steam as remains in that state from its entrance into the small cylinder
until its discharge from the large cylinder, and more than the measure
of expansion for such portion of the steam condensed in the cylinders
as may be re-evaporated there before the end of the stroke of the pis-
ton of the large cylinder. A comparison of the total pressures above
zero at the point of cutting off the steam in the small cylinder and at
the end of the stroke of the piston of the large cylinder will not give
the true measure of expansion with which the steam is used. By the
number of times the steam is expanded is

.

meant the number of cubic
feet which are finally occupied by a cubic foot of steam after its ex-
pansion, its temperature remaining constant throughout the expansion.
The comparison is between bulks. Now, as the pressure of a given
quantity of steam is not inversely as its bulk, the comparison by press-
ure cannot be directly substituted for the comparison by bulk. By
correcting the pressures so as to make them represent bulks at constant
temperature, they might be employed to calculate the measure of ex-
pansion, provided there was no condensation in the cylinders and par-
tial re-evaporation there of that condensation. It is thus seen that
when there is cylinder condensation the measure of expansion with
which the steam was used can be given only approximately; the less
the condensation the closer the approximation. Only in the case where
the steam has been sufficiently superheated to prevent condensation in
the cylinder can its true measure of expansion be given.

Line 10 contains the mean height of the barometer in inches of mer-
cury, obtained from observations made every ten minutes on a tested
aneroid barometer.

Line 11 contains the mean vacuum in the condenser in inches of mer-
cury, obtained from observations made every ten minutes on a spring
gauge. The vacuum referred to is the difference between the barometric
pressure (line 10) and the pressure of the mingled air and uncondensed
steam in the condenser (line 12).

Line 12 shows the back pressure in the condenser in pounds per
square inch above zero. It is the difference between the quantities on
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lines 10 and 11, expressed in pounds per square inch, and is a gaseous
mixture of steam and air in unknown proportions.

Line 13 gives the number of double strokes made by the pistons of
the engine per minute, or of revolutions made by the screw per minute.
These quantities are the numbers on line 3 divided by the number of
minutes in the time on line 2.

Line 14 contains the number of pounds of feed-water pumped into
the boiler per hour. These quantities are the quotients of those on
line 4 divided by the numbers on line 2.

Line 15 contains the number of Fahrenheit units of heat imparted
to the feed-water per hour. These quantities are the products of those
or line 14 multiplied by the difference between the Fahrenheit units of
htAt contained in a pound of feed-water at the temperature on line 19
and in a pound weight of steam of the boiler pressure on line 5.

Temperatures.-All the temperatures are given in Fahrenheit de-
grees, and were taken by ordinary mercurial thermometers permanently
suspended, the observations being noted every ten minutes. On line
16 is the temperature of the external air in the shade. On line 17 i&
the temperature of the air in the room containing the engine and boiler.
On Lne 18 is the temperature of the sea water used for the injection or
refrigerating water in the condenser. And on line 19 is the temper-
ature of the feed water in the tanks.

Speed.-The vessel's speed was ascertained during only experiments
A, D, I, J, and L; it is expressed on line 20 in statute miles of 5,280 feet
per hour, and on line 21 in geographical miles or knots of 6,086 feet per
horn. The former were the observed quantities, and the latter were
deduced from them. The first measure is employed by landsmen, yacht-
men, and for steamers on inland waters; the last is employed by sea-
faring persons. The speed in all cases is the mean from two consecu-
tive runs over the base of 12 statute miles.

Line 22 contains the slip of the screw in per centum of its axial speed
the latter being computed from the product of the pitch of the screw
into the number of its revolutions per hour. The speed of the vessel
per hour being deducted from the speed of the screw per hour (both in
the same terms), the remainder expressed in per centum of the latter
is the quantity on line 22.

Steam pressures in the small cylinder per indicator.-The

quantities on lines 23 to 30, both inclusive, are the means from all the
indicator diagrams taken from the small cylinder. These diagrams
were taken every ten minutes. Lines 23,24, and 25 contain, respectively,
the pressure on the piston of the small cylinder at the commencement
of the stroke, at the point of cutting off the steam, and at the end of
the stroke, in pounds per square inch above zero, or the line of no press-
ure, as given by the barometer (line 10). Line 26 contains the mean
back pressure against the piston of the small cylinder during its stroke
(there was no cushioning), and line 27 contains the back pressure against
the piston of the small cylinder at the beginning of its stroke; both
quantities being expressed in pounds per square inch above zero. The
mean back pressure is employed to obtain the total pressure on the
piston of the small cylinder (line 30) by adding it to the indicated press-
ure (line 28). The back pressure at the commencement of the stroke
of the piston is required for calculating the weight of steam remaining
in the clearance and steam passage at one end of the small cylinder
when the exhaust closes, which weight has not to be drawn from the
boiler for the succeeding stroke of the piston. Line 28 contains the
indicated pressure and represents the mean ordinate of the indicator
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diagrams in pounds per square inch of the area of the piston of the
small cylinder. Line 29 contains the net pressure on the piston of the
small cylinder in pounds per square inch of its area, and is what remains
of the quantities on line 28 after the subtraction of 2 pounds per square
incb, as the pressure required to work the small cylinder and its con-
comitants, per se, or unloaded. Line 30 contains the total pressure on
the piston of the small cylinder in pounds per square inch of its area
above zero; these quantities are the sum of those on lines 26 and 28.

All the pressures in the small cylinder being above the atmospheric
pressure, may be taken as composed of nearly pure steam, the air ad-
mixture being therefore very small proportionally, none leaking in.

Steam pressures in the large cylinder per indicator.-The
quantities on lines 31 to 38, both inclusive, are the means from all
the indicator diagrams taken from the large cylinder. These diagrams
were taken every ten minutes. Lines 31, 32, and 33, contain, respect-
ively, the pressure on the piston of the large cylinder at the com-
mencement of the stroke, at the point of cutting off the steam, and
at the end of the stroke, in pounds per square inch of its area above
the zero of pressure. Line 34 contains the mean back pressure against
the large piston during its stroke, and line 35 contains the back
pressure against the large piston at the beginning of the stroke, both
quantities being in pounds per square inch of the piston's area above
zero. The mean back pressure is employed to obtain the total press-
ure (line 38) on the piston of the large cylinder by adding it to the
indicated pressure (line 36). The back pressure at the commence-
ment of the stroke of the piston of the large cylinder is required to
calculate the weight of steam remaining in the clearance and steam
passage at one end of that cylinder when the exhaust closes. Line 36
contains the indicated pressure and represents the mean ordinate of
the indicator diagrams in pounds per square inch of the area of the
piston of the large cylinder. Line 37 contains the net pressure on the
piston of the large cylinder in pounds per square inch of its area, and
is what remains of the quantities on line 36 after the subtraction of 2
pounds per square inch as the pressure required to work the large cylin-
der, per se, or unloaded. Line 38 contains the pressure in pounds per
square inch above zero of the annular space or ring remaining of the
piston of the large cylinder after the piston of the small cylinder has
been subtracted from it; these quantities are the sum of those on lines
34 and 36. Of course, the pressure on line 38 is upon every square
inch of the piston of the large cylinder, but for the purpose of calculat-
ing the total horses-power developed in that cylinder (line 46), only the
annularspacejustdescribed is employed, as will be hereinafter described.

All the pressures in the large cylinder which are below the atmos-
pheric pressure, must be more or less composed of air mixed with the
steam, the air entering by piston rod stuffing-box and defective joints
in unknown quantities.

Hobsbs-power.-Lines 39 to 50, both inclusive, contain the various
kinds of horses-power developed by the engine, that are necessary to
be known in order to understand the manner in which the total power
of the engine is distributed between its two cylinders and for what pur-
poses.

Lines 39 and 40 contain, respectively, the indicated horses-power
developed in the small and in the large cylinders. These powers are
calculated from the areas of the pistons of the small and large cylin-
ders, from the speed of these pistons in feet per minute, and from the
pressures on lines 28 and 36. On line 41 are the indicated horses-power
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developed by the engine, being the sum of the quantities on lines 39
and 40.

In calculating the indicated horses-power for a compound engine, the
common practice-followed above-is to take for factors the area of each
piston and the indicated pressure upon it per square inch as given by
the indicator diagrams from the respective cylinders. Thus, the indi-
cated horses-power is obtained for each cylinder and their sum is the
indicated horses power developed by the engine. In fact, however, the
indicated horses-power developed by the engine are not thus distributed
although the aggregate is correct. This method assumes that each
cylinder of the compound engine acts independently of the other, as is the
case with the simple engine, which is not true. The compound engine
is necessarily composed of two cylinders of unequal capacity, while the
simple engineis composed of one cylinder only, and if two be used they con -
stitute two independant engines, although coupled to the s ame shaft and
having boiler and condenser in common. The combined cylinders of the
compound engine are, in effect, one cylinder only, and their pistons are,
in effect, one piston only, nor can their action be separated in reality,
however it may be in appearance, by the arrangement of mechanical
details adopted. The interiors of both cylinders of the compound en-
gine are always in common, that is, the spaces in the two cylinders
between the inner surfaces of their pistons are in common for one stroke,
and those between the outer surfaces of their pistons are in common for
the return stroke. The accompanying very simple diagram, which ex-
hibits the compound engine in its most elementary conception, will illus-
trate these ideas. The diagram shows the two cylinders of the compound

engine arranged tandemwise
with their interiors between
the inner surfaces of their pis-
tons in common, and with

their pistons rigidly connect-
ed to the same piston rod.
With this arrangement the
pistons could make only one
stroke downward, which is
all that is necessary for ex-
planation. To make the re-
turn upward stroke, the two
cylinders would have to be
separated by a partition and
the interior of the small cyl-
inder above its piston would
have to be made in common

with the interior of the large
cylinder below its piston by
a communicating pipe. In a
working engine the valves
controlling the alternate flow-
ings of the steam from the
bottom of the small cylinder
to the top of the largo one
and from the top of the small

cylinder to the bottom of the large one are the movable partitions sup-
posed in the diagram. The space A is supposed to be tilled with steam
of the boiler pressure,- the space BB is supposed to be filled with steam
of the boiler pressure expanded with pressures decreasing according to

Condenser JPressure.
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approximately a hyperbolic curve, from the beginning to the end of the
stroke of the pistons, the terminal pressure being as much less than the
initial pressure as the capacity of the large cylinder is more than that
of the small one; and the space C O is supposed to be filled with steam
of the condenser pressure.

Now, evidently, the pressure beneath the piston of the small cylinder
and above the piston of the large cylinder being the same, and the two
pistons being rigidly connected, this pressure is entirely neutralized
against the piston of the small cylinder, and upon so much of the piston
of the large cylinder as is immediately opposite and equal to the area
of the piston of the small cylinder; hence, the only portion of the
piston of the large cylinder that can produce power is the ring re-
maining after the subtraction of the piston of the small cylinder. As a
consequence, the indicated power exerted by the expanding steam in
the large cylinder is represented by the indicated pressure there multi-
plied by the area of the ring remaining after subtracting the piston of the
small cylinder from the piston of the large one. This is the true indi-
cated power developed by the large cylinder, and is as much less than
the indicated power as habitually calculated for that cylinder, as the
area of the ring referred to is less than the area of the piston of the
large cylinder. Of course, the true net power and the true total power
developed in the large cylinder are represented by the product of the
ring area referred to into, respectively, the net pressure and the total
pressure, the net pressure being what remains of the indicated pressure
after subtraction of the pressure required to work the large cylinder
and its concomitant parts, per se, or unloaded, and the total pressure
being the sum of the indicated pressure and the back pressure against
the piston of the large cylinder.

The two pistons of the compound engine being rigidly connected, and
the steam pressure between them being the same per square inch of
piston, the true back pressure acting against the pjston of the small
cylinder is evidently the back pressure acting against the piston of the
large cylinder 5 that is to say, the condenser pressure in the space CO,
and not the pressure of the expanding steam in the space BB between
the pistons; hence, to obtain the true indicator diagram from the small
cylinder, the indicator must be placed in connection with the space A
or steam side of the piston of the small cylinder and with the space
CO or exhaust side of the piston of the large cylinder. The indicated
pressure for the small cylinder thus obtained would be as much greater
than the indicated pressure habitually calculated for that cylinder, as
is due to the mean pressure of the expanding steam in the space BB
between the pistons of the two cylinders. Now, this pressure of the
expanding steam being what is habitually known as the indicated
pressure for the large cylinder, the true method of calculation herein
described makes the indicated power of the small cylinder exactly as
much greater than what is obtained by the habitual method of calcula-
tion as the indicated power of the large cylinder is made smaller, the
aggregate indicated power of both cylinders being the same by both
methods. The true net pressure for the small cylinder is what remains
of the true indicated pressure after subtraction of the pressure required
to work the small cylinder and concomitant parts, per se, or unloaded,
and the true total pressure for the small cylinder is the sum of the true
indicated pressure and of the back pressure in the space CO against the
large piston.

The indicator diagrams habitually taken from the small cylinder of
the compound engine do not correctly represent the effective pressures
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upon its piston, nor does the habitual co-relation of the indicator dia-
grams habitually taken from the two cylinders give a correct idea of the
true distribution of the pressures. The true co-relation of the diagrams
is as follows:

Suppose a straight line taken as base and divided into two parts
which have the same relation to each other that the volume of the small

cylinder has to the volume of the large cylinder less the volume of the
small cylinder. Now, having taken a true indicator diagram from the
small cylinder, that is, a diagram made by putting the indicator alter-
nately in connection with the space A or steam side of the piston of
the small cylinder, and with the space CO or exhaust side of the pis-
ton of the large cylinder, lay off this diagram on the first part of the
base representing the volume of the small cylinder. Next, having taken
an indicator diagram from the large cylinder by putting the indicator
alternately in connection with the space BB or steam side of the piston
of the large cylinder, and with the space CO or exhaust side of it, lay
off this diagram on the last part of the base representing the volume
of the large cylinder less that of the small one; then the two dia-
grams will form one showing the true action of the steam and the true
distribution of its pressure during a stroke of the combined pistons, the
total length of the base representing the length of the stroke of a pis-
ton. Such a diagram, and only such an one, is comparable with the
diagrams taken from the cylinder of the simple engine. All other ar-
rangements or combinations of diagrams from the cylinders of com-
pound engines are factitious and misleading.

In the diagram, which has the partition between the two cylinders
omitted, the pressure in the space BB must be uniform throughout at
any instant, making the back pressure per square inch against the pis-
ton of the small cylinder exactly equal to the pressure on the piston of
the large cylinder per square inch; but, in a working engine, where the
large movable partition between the cylinders is replaced by compara-
tively a very small valve with contracted openings, this equality of
pressure upon the two pistons no longer exists, and the back pressure
against the piston of the small cylinder is always greater than the press-
ure upon the piston of the large cylinder. This difference of pressure
in practice varies from 1£ to 3 pounds per square inch, according to the
size of the opening in the valve relatively to the capacity of the small
cylinder, to the length and tortuousness of the passages connecting the
two cylinders, to the speed of the pistons, &c. Now, this difference of
pressure, whatever it may be, and it is always something of practical
importance, is additional back pressure against the piston of the small
cylinder, and must be added to the back pressure in the space CC to
obtain the true back pressure against which that piston works. Thus,
the piston of the small cylinder of the compound engine must always
work practically though not theoretically against a greater back press-
ure than the surface of the ring works which remains 9f the piston of
the large cylinder after subtraction of the piston of the small cylinder,
by the difference between the pressure per square inch on the opposite
sides of the movable partition separating the two cylinders. This ad-
ditional back pressure is a loss of useful effect peculiar to the compound
engine and has no analogue in the simple engine.

The foregoing principles governing the compound engine suffer no
modification by any variation of the relative position of the cylinders
or addition of parts. Tbe interposition of a receiver between the cylin-
ders, whereby their pistons need not come simultaneously to the ends of
their strokes, does not in the slightest degree affect the mode of action
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d
-escribed; neither does cutting off the steam in the small cylinder,

whereby part of the expansion is caused to take place in that cylinder.
All the steam used in the large cylinder is always expanded steam;

nor is the measure of expansion affected by placing a cut-off valve on
that cylinder closing at any point of the stroke of its piston. The ob-
ject of such a valve is to increase the pressure between the piston of the
small cylinder and the movable partition separating the cylinders, that
is to say, between that piston and the cylinder end towards which it is
moving. Such an increase of pressure would be nearly useless, theoreti-
cally, in a tandem arrangement of cylinders for the compound engine,
which arrangement supposes no space between the cylinders to be filled
with steam in its transfer from the small to the large cylinder, except
that in the connecting pipes; but just in proportion as space exists
between the cylinders, as in the case of a receiver arrangement of them,
is the necessity for a cut-off valve on the large cylinder. In some tandem
arrangement of cylinders the steam fronl the small one is exhausted
into the jacket of the large one, passing thence into the large cylinder,
the jacket in which case forms a receiver; and a cut-off valve, therefore,
becomes necessary on the large cylinder. Such a use of the jacket, how-
ever, is very injudicious and should never be resorted to. The large
cylinder should receive its steam directly from the small one, and the
jackets of both should be kept filled with steam of the boiler pressure.
With a skilful tandem arrangement of cylinders, whereby the space
between them is reduced to the minimum, but very little is to be gained
by the application of a cut-off to the large cylinder 5 such a valve could
not be closed judiciously until the stroke of the piston was at least two-
thirds completed. In a theoretical tandem arrangement of the cylinders,
that is, with no space between them, and without a cut-off valve on the
large cylinder, the initial pressure in the large cylinder would be the
same as the final pressure in the small cylinder, which is the effect
sought to be produced by the application of a cut-off valve to the large
cylinder when a receiver intervenes between it and the small cylinder,
in which case the cut-off valve on the large cylinder must close earlier
and earlier as the cut-off valve on the small cylinder closes later and
later. The receiver arrangement of cylinders, therefore, compels, for
maximum economic effect as regards pressure alone, the steam to be cut
off very early in the small cylinder, so that a large portion of its expan-
sion may be done there, the remainder being done in the large cylinder
w ose cut-off valve should be so adjusted as to make the initial pressure
in that cylinder the same as the final pressure in the small cylinder.
The object of the short cutting off in the small cylinder is to enable it
to develop, under the preceding condition, a proper power, which it could
not do with a late cut-off and the cut-off valve on the large cylinder clos-
ing at a point that would make equality of pressure at the end of the
stroke of the piston of the small cylinder and at the beginning of the
stroke of the piston of the large cylinder. Consequently, in receiver
anangements of cylinders-the steam being used with a given measure
of expansion-the ratio of the volumes of the small and large cylinders
is much less than need be in tandem arrangements. Of course, the steam
can be cut off properly as short in the small cylinder ol the tandem ar-
rangement as in the case of the receiver arrangement, but it need not
be for maximum economic effect as regards pressure alone 5 in fact it
can be worked without expansion in the small cylinder and the entire
expansion done in the large one without sacrifice of economic .effect due
to pressure distribution, provided there be no space between the cylin-
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ders, in which case neither of them would require a cut-off valve, and the
mechanism could be much simplified.

In the receiver arrangement of the two cylinders, however,
a cut-off

upon both is indispensable for maximum economic effect as regards
pressure alone. Neither advantage nor necessity requires the receiver
to be of greater capacity than the small cylinder, and the pressure in
the receiver must be kept the same as the final pressure in the small
cylinder, which can only be done by the use of an adjustable cut-off
valve on the large cylinder closing at the proper point to produce this
effect. Further, this condition prevents the steam from being used
without expansion in the small cylinder, as in that case the small cyl-
inder could not develop any power. In order, therefore, that the small
cylinder in the receiver arrangement should develop a proper power
with the condition of equality between its final pressure and the pressure
in the receiver, the steam must be cut off in it considerably before the
end of the stroke of its piston. Thus, with the receiver arrangement
of the two cylinders, cut-off valves on both are indispensable for maxi-
mum economic effect as regards distribution of pressure, and the steam
must be used with considerable expansion in the small cylinder to obtain
the proper division of power between the cylinders. The manner in
which these conditions affect the proportion of the two cylinders is very
obvious. If the steam is to be used with a given measure of expansion,
say six times, then in a tandem arrangement of the cylinders without
cut-off valve on either, the volumes of the two cylinders would be as 1
and 6 5 but in the case of the receiver arrangement of the two cylinders,
cutting off the steam in the small cylinder when one-third of the stroke
of its piston was completed, the volumes of the cylinders would com-
pare as 1 and 2, and if. the large cylinder were divided into two so as
to make a three-cylinder compound engine, all the cylinders could have
the same dimensions, a very great mechanical convenience when the
engine is a large one.

When the steam is worked expansively in the small cylinder of the
compound engine, the application of a cut-off valve to the large cylin-
der is a source of much economy independently of the proper distribu-
tion of the pressure. In all cases of using saturated steam, considerable
condensation is found in the cylinders, due to the alternate heating and
cooling of the metal of which they are made, owing to the considerable
difference of temperature to which the metal is exposed during a double
stroke of the piston. This liquefaction of the steam is a minimum when
the steam is worked without expansion, other things equal, and increases
pari passu as it is worked more and more expansively. Now, whatever
portion of the steam entering the small cylinder remains liquefied at
the end of the steam stroke of its piston, is boiled off or revaporized
during the return exhaust stroke under the lessened pressure of the ex-
haust by the contained heat in the water and in the metal of the cyl-
inder, and this revaporized portion passes to the large cylinder and is
used upon its piston without expansion if that cylinder have no cut-off
valve; but if it have, then this revaporized portion is worked expan-
sively, and is thus made to give a higher duty. Of course, the less the
cylinder liquefaction of steam, the less will be the economic gain due to
this cause, an vice versa.

The foregoing views of the true theory of the compound engine and
of its mode of action, of the advantages of cut-off valves on both the
small and the large cylinder, and of the arrangement in proper juxta-
position of the indicator diagrams taken from the two cylinders, are
original with the writer and are believed to be novel. They are given



with as much brevity as possible, the present purpose being to offer only
so much explanation as will make clear the methods of calculation em-
ployed in this report; but many additional issues of interest and advan-
tage follow as obvious corollaries from the main propositions herein dem-
onstrated.

Returning to Table No. 1, lines 42 and 43 contain the net horses-power
developed respectively in the small and large cylinders of the " Siesta's,r
engine. These powers are calculated from the speed of the piston, from
the entire areas of the cylinders, and from the pressures on lines 29 and
37. On line 44 is the net horses-power developed by the engine, being
the sum of the quantities on lines 42 and 43.

Line 45 contains the total horses-power developed in the small cyl-
inder, calculated from the speed of the piston, the area of the piston
and the pressure on line 30. This is the power overcoming all resistances
to the piston of the small cylinder down to the zero of pressure, and in-
cludes internal and external work of all kinds.

Line 46 contains the total horses-power developed in the large cylinder
calculated from the speed of piston, the area of the annular superficies
remaining after the subtraction of the area of the piston of the small
cylinder from the area of the piston of the large cylinder, and the press-
ure on line 38. In further explanation of what has already been dis-
cussed, there may be remarked, that in the compound engine the back
pressure (line 26)

*

overcome by the piston of the small cylinder is more
or less utilized upon or transferred to the piston of the large cylinder
where, for a superficies equal to the area of the piston of the small cyl-
inder, it develops a pressure (line 38) equal to the sum of the indicated
and back pressures per square inch upon the piston of the large cylinder.
Thus a portion of the indicated horses-power developed in the large cyl-
inder is really developed by the piston of the small cylinder, this portion
being what corresponds to the area of the small piston. The only por-
tion of the indicated horses-power developed in the large cylinder that
is developed by its piston is what corresponds to the annular superficies
remaining after deduction of the area of the small piston from that of the
large one.

Line 47 contains the total horses-power developed by the engine-
These quantities are the sum of those on lines 45 and 46, and represent
the entire dynamic effect of the steam, both useful and prejudicial.

Line 48 contains the total horses-power developed in the small cylin-
der by the expanding steam alone; that is to say, the total horses-power
developed in the small cylinder by the steam after the closing of the
cut-off valve. This power corresponds to the portion of the indicator
diagram comprised between the expansion curve and the straight line
of no pressure or zero. The power on line 48 is necessary to be known
in order to calculate the weight of steam (line 59) condensed in the
small cylinder to furnish the heat transmuted into that power,

so that

by adding it to the weight of steam due to the pressure at the end of
the stroke of the piston of the small cylinder (line 58) there may be
obtained the weight of steam accounted for at that point by the indica-
tor (line 60), which weight being deducted from the weight of steam
evaporated in the boiler (line 14) gives a difference (line 66) that i»
mainly due to the condensation of steam by the inner surfaces of the
cylinder and steam-passages, under the influence of the varying tem-
peratures from those due to the pressure on line 23 to those due to the
pressure on line 27.

For the power developed in the small cylinder previously to the clos*
ing of the cut off valve, there is no condensation of steam in that cylin-
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-der similar to what takes place in it after the closing of the cut-offvalve,
for furnishing the heat transmuted into the power; because such heat
has, previously to the closing of the cut-off valve, been furnished to the
steam in the boiler by the fuel. A loss of heat equivalent to the power
developed by the steam previously to the closing of the cut-off valve
has indeed taken place in the boiler, but instead of being at the expense
of the steam in the cylinder, which has to be the case after the closing
of the cut-off valve, is at the expense of the fuel in the furnace, and is
included in the total heat of vaporization.

Line 49 contains the total horses-power developed in the large cylin-
der by the expanding steam alone. These quantities are, of course, the
same as those on line 46, because all the steam used in the large cylin-
der is expanded steam. The thermal equivalent of the powers on line
49, in pounds of steam condensed per hour to furnish the necessary
heat, added to the quantities on line 59, forms the quantities on line 62,
which added to those on line 61 give the weight of steam accounted for
by the indicator at the end of the stroke of the piston of the large cyl-
inder (liue 63). This latter weight being deducted from the weight of
steam evaporated in the boiler (line 14) gives a difference (line 68) which
is mainly due to the condensation of steam in the small cylinder, in the
large cylinder, and in the receiver between them, by the inner surfaces
of those vessels, including the surfaces of the steam passages of the
two cylinders, when affected by the variations of temperature upon
them due to the variations of temperature.

To calculate the number of pounds of steam condensed in a cylinder
to furnish the heat transmuted into the total power developed by the
expanded steam alone, there are required to be known: The total
horses-power developed by the expanded steam alone; the latent heat
in Fahrenheit units corresponding to the mean pressure above zero in
pounds per square inch of the expanded steam; the mechanical equiva-
lent in foot-pounds of one Fahrenheit unit of heat; and the time in
minutes during which the power acted. Calling the power P,

the latent

heat H, the mechanical equivalent 789J foot-pounds, and the time T,
33000

"

* 7894 *
then, = the number of pounds of steam condensed in the
cylinder to furnish the heat transmuted into the power P exerted dur-
ing the time T.

That the latent heat in the above equation should be what is due to
the mean pressure of the expanding steam is thus derived: At each
instant of time the expanding steam develops a power at the expense
of the heat in it, and this heat cannot be taken out of the steam below
its temperature because its temperature is the boiling-point of water
under the insistent pressure; in other words, only the latent heat can
be taken out of the steam from instant to instant successively, so that
the latent heat to be used in the above equation is the mean of all
the latent heats due to all the pressures of the expanding steam. The
effect, therefore, of the transmutation of part of the heat of the ex-
panding steam into the power developed by the engine during that ex-
pansion, is to produce a weight of water equal to the weight of steam
condensed and having a temperature normal to the pressure of the
steam from which it was condensed. Now, as the pressures of the ex-
panding steam continue to fall with the expansion, the temperature of
the successive waters of condensation continues to fall with them, part
passu, and these waters become partly revaporized by the heat in them



29

between their original temperature of condensation and their final tem-
perature, which latter is what is normal to the pressure of the steam at
the end of its expansion, that is, at the end of the stroke of the piston.
The portion of the waters of condensation thus revaporized will appear
as steam at the end of the stroke of the piston and will there be di-
rectly measured by the indicator. Thus the expansion curve receives
continuously increase of pressure from its commencement to its end
due to the continuous revaporization of part of the waters of conden-
sation caused by the transmutation of part of the heat of the expand-
ing steam into the work done by its expansion. If the latent heat of
the steam due to its pressure at the end of the stroke of the piston
were taken for H in the foregoing equation, then because the latent
heat increases as the pressure decreases, the weight of steam condensed
according to the equation would be too small by the difference due to
the larger value of H as a divisor when taken normal to the pressure
at the end of the stroke of the piston, than when taken normal to the
mean pressure of the steam during its expansion. And, as the weight
of steam calculated from the pressure at the end of the stroke of the pis-
ton would be the same in both cases, the weight of steam accounted for
by the indicator at the end of the stroke of the piston would be too smalL

The mechanical equivalent of one Fahrenheit unit of heat is taken in
the above equation to be 789£ foot-pounds. It is habitually but errone-
ously taken at 772 foot-pounds, as given by Joule; for the later experi-
mental researches of H. Tresca and C. Laboulaye, to determine the
true mechanical equivalent of one calorie, indorsed by Regnault, Pio-
bert, Combes, Bertrand, and Morin, a commission appointed by the
French Academy to investigate and report upon the subject, give 433
kilogrammetres as the mechanical equivalent of one calorie, which is
789.2385 foot-pounds for one Fahrenheit unit of heat. ("Comptes Ren-
dus" of February 13,1865, page 326.) In reaching this final determi-
nation by experiments on air, the experimenters took into consideration
every possible correction and used the best methods which the com-
bined science of the time could devise; the apparatus, furnished by the
French Government, was on a large scale and as perfect in its design
and adjustment as mechanical skill could achieve.

Line 50 contains the total horses-power developed in the cylinders by
the expanded steam alone. These quantities are the sum of those on
lines 48 and 49. By comparing them with the quantities on line 47, the
portions of the total power developed by the engine before and after
the closing of the cut-off valve on the small cylinder can be obtained.

Economic resutlts.-Lines 51, 52, and 53 give respectively the cost
of the indicated, net, and total horse-power developed by the

"

engine, in
pounds of feed-water vaporized per hour in the boiler. The quantities
on these lines would correctly represent the cost of the powers, provided
the boiler pressure and the temperature of the feed-water remained
always the same; but as these conditions varied, and as the total heat
of vaporization varies with the boiler pressure and with the temperature
of the feed-water, the quantities on lines 54, 55, and 56 are added, which
give respectively the exact experimental cost in Fahrenheit units of
heat per hour of the indicated, net, and total horse-power developed by
the engine.

The division of the quantities on line 14 by those respectively on lines
41, 44, and 47, gives the quantities on lines 51,52, and 53; and the divis-
ion of the quantities on line 15 by those respectively on lines 41,44, and
47, gives the quantities on lines 54, 55, and 56.

If the cost of the horse-power in pounds of ordinary anthracite con*
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sumed per hour be required, it can be obtained by dividing the cost of
the power in pounds of feed-water consumed per hour, by the pouads
of the latter vaporized per pound of anthracite. The economic vapor-
ization of the pound of anthracite consumed may be taken under the
experimental conditions to average 8.33 pounds of water; hence, the
division of the quantities on lines 51, 52, and 53 by 8.33 will give re-
spectively the cost of the indicated, net, and total horse-power in pounds
of anthracite consumed per hour. For example, the cost of the in-
dicated horse-power in Experiment D being 16.74107 pounds of feed-
water vaporized per hour, its cost in anthracite consumed per hour was

cost of the horse-power in pounds of anthracite consumed per hour by-
direct weighing of the latter could not be given because they were of
too short duration to allow the quantity burned to be accurately ascer-
tained, several experiments being made on one day without interval
between them. For exact comparisons, under any circumstances, be-
tween the cost of power in different cases, the number of units of heat
consumed in producing it must be taken as the measure.

Weight of steam accounted for by the indicator.-Lines 57

to 63, both inclusive, contain the weight of steam accounted for per
liour by the indicator at various points in the process of the engine,
which weight, with saturated steam, would necessarily be less than the
weight according to the tank, by the weight condensed or liquefied in
the cylinders due to all causes other than the transmutation of a portion
of the heat in the expanding steam into the power produced by its ex-
pansion. This weight of steam, condensed in the cylinders after the
closing of the cut off valve, can be calculated when the power developed
by the expanding steam is known, and consequently the foot-pounds
of work done by the expanding steam are known, the horse-power being
33,000 foot-pounds of work conceived to be done in one minute, as for
every 789J foot-pounds of work performed by the expanding steam after
the closing of the cut-off valve, one Fahrenheit unit ofheat is abstracted
from that steam, which abstraction is attended by the liquefaction of
such a weight of steam as is necessary to furnish this unit of heat, the
resulting water of condensation having the temperature normal to the
pressure of the steam from which it was precipitated. The weight of
steam so condensed, added to the weight ascertained from the pressure
at the end of the stroke of the pistons of the engine, gives the weight
of steam accounted for by the indicator at those points. For the weight
of steam accounted for by the indicator at the point of cutting off the
steam no similar addition is necessary, because there has been up to
that point no transmutation of the heat in the unexpanded steam into
the power developed. Consequently, the weight of steam calculated

from the pressure at the point of cutting off is the whole weight ac-
counted for by the indicator at that point. Of course, in the calcula-
tions the steam is supposed to be in the saturated state, which is always
the case in the cylinder unless it has been very highly superheated
before entering.

Line 57 shows the number of pounds of steam accounted for by the
indicator per hour at the point of cutting off the steam in the small
cylinder. This quantity was calculated for the number of cubic feet
displaced per hour by the piston of the small cylinder up to the point
of catting off given on line 7, plus the number of cubic feet in the space
in the clearance and steam passage at one end of that cylinder, multi-
plied by the number of strokes made by its piston per hour, and by the

16.74107 )( 8
.33

2
.00973 pounds. In the cases of the experiments, the
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weight of a cubic foot of steam of the pressure on line 24; deducting
from the product the weight of steam per hour already in the clearance
and steam passage when steam was admitted from the boiler to the
cylinder, this latter weight being calculated from the weight of a cubic
foot of steam of the pressure on line 27.

Line 58 shows the number of pounds of steam present per hour in the
small cylinder at the end of the stroke of its piston, obtained by multi:
plying the space displacement of that piston per stroke in cubic feet
plus the number of cubic feet in the clearance and steam passage at
one end ofthe cylinder, by the number of strokes made by the piston
per hour, and by the weight of a cubic foot of steam of the pressure on
line 25, subtracting from the last product the steam per hour already in
the clearance and steam passage when steam was admitted from the
boiler to the cylinder, this latter weight being calculated from the
weight of a cubic foot of steam of the pressure on line 27.

Line 59 shows the weight of steam in pounds condensed or liquefied
per hour in the small cylinder to furnish the heat transmuted into the
total horses-power developed in that cylinder by the expanding steam
after the closing of the cut-offvalve (line 48). By this total horses-power
is meant the power due to the mean pressure of the expanding steam
above zero, acting through the portion of the stroke of the piston which
remains after the closing of the cut-off valve. The calculation of the
quantities on line 59 is made as follows: The mechanical equivalent of
one Fahrenheit unit of'heat being taken at 789£ foot-pounds, then

? ) =41.811847=the number of Fahrenheit units of heat equivalent
to one horse-power, or to 33,000 foot-pounds of work per minute; P=
the number of horses-power developed by the expanding steam after
the closing of the cut-off valve; T=the time in minutes during which
the power P operated-this time was 60 minutes; H=the latent heat
of steam of the mean pressure above zero of the expanding steam after

the closing of the cut-off valve; and kgjjg47 x T °TJ9
. = the

number ofpounds of steam condensed in the cylinder to furnish the heat
transmuted into the total horses-power developed by the expanding
steam.

Line 60 contains the.sum of the quantities on lines 58 and 59. These
sums are the weight of steam accounted for by the indicator at the end
of the stroke of the piston of the small cylinder.

Line 61 shows the number of pounds of steam present per hour in
the large cylinder at the end of the stroke of its piston, obtained by mul-
tiplying the space displacement per stroke of that piston in cubic feet,
plus the number of cubic feet in the clearance and steam passage atone
end of the cylinder, by the number of strokes made by the piston per
hour and by the weight of a cubic foot of steam of the pressure on line
33, subtracting from the last product the weight of steam per hour
already in the clearance and steam passage when steam was admitted
from the boiler to the cylinder, this latter weight being calculated from
the weight of a cubic foot of steam of the pressure on line 35.

Line 62 shows the number of pounds of steam condensed per hour in
the small and in the large cylinder and in the receiver between them to
furnish the heat transmuted into the total horses power developed in
the small and large cylinders by the expanding steam after the closing
of the cut-off valve of the small cylinder. After the closing of that
valve the steam is used expansively during the remainder of the stroke
of the piston of the small cylinder and throughout the entire stroke of
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the piston of the large cylinder, notwithstanding that the latter cylinder
is provided with a cut-off valve of its own.

The number of pounds of steam condensed in the large cylinder to
furnish the heat transmuted into the total horses-power on line 49, which
are the total horses-power developed by the expanding steam in that
cylinder, are calculated in precisely the same manner, with substitution
of the proper corresponding power and pressure, as in the case already
described of the small cylinder. The pressure from which the power on
line 49 is calculated is that on line 38, and it acts during the entire
stroke of the piston. The quantities thus obtained having been added
to those on line 59, the sums are the quantities on line 62.

Line 63 contains the sum of the quantities on lines 61 and 62. These
sums are the weight of steam accounted for by the indicator at the end
of the stroke of the piston of the large cylinder.

Difference between the weight of water vaporized in the
BOILER AND THE WEIGHT OF STEAM ACCOUNTED FOR IN THE CYLIN-

DER by the indicator.-The quantities on lines 64 to 69, both inclu-
sive, show for each experiment the* difference between the weight of
water vaporized in the boiler and the weight of steam accounted for in
the cylinder by the indicator. Were there no cylinder condensation
due to other causes than the production of the power, these differences
would not exist, supposing the absence of priming or foaming in the
boiler; the weight of water and the weight of steam would be equal.
Among these other causes is the action of the metal of the cylinder,
which alternately takes up heat from the steam and gives out heat to
the resulting water of condensation, the former quantity of heat appear-
ing to be greater than the latter as shown by the indicator, but equal
in fact when the heat is included which revaporizes that portion of the
water of condensation which is present in the cylinder at the end of
the stroke of its piston when the exhaust valve opens, the resulting
steam of which passes to the condenser during the exhaust stroke of
the piston, and thus escapes detection by the indicator. This reva-
porization is due to the contained heat in the water of condensation and
to the heat of the metal of the cylinder over which this water is spread,
and to the less pressure in the condenser than in the cylinder, the inte-

riors of these two vessels being in common as long as the exhaust port
is open.

There is also a condensation of steam in the cylinder, due to the heat
transmuted into the work of expulsion of the exhaust steam by its own
pressure at the end of the stroke of the piston. This heat reappears in
the condenser (and likewise in the receiver of a compound engine whose
large cylinder is fitted with a cut off valve) when the inrushing steam
comes to a state of rest; the vis viva communicated to this steam in the

cylinder at the expense of heat, reproducing the same quantity of heat
when extinguished in the condenser (or receiver). But, as regards the
cylinder, such heat is lost, and escapes detection by the indicator.

Furthermore, there is a condensation of steam in the cylinder when
the steam is used expansively, owing to the expansion, per se} and is
due wholly to the transmutation of heat into interior work on the steam
molecules, this transmutation being independent of any mechanical
work done on the piston. The heat thus disappearing is not measur-
able by the indicator.

The water of condensation due to the transmutation of heat into work
when expanding steam is employed as the heat carrier, be that work
of what nature it may, internal or external, is not deposited upon the
surface of the metal of the cylinder, but remains suspended in the steam
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and perfectly diffused tliougliout the mass in the form of infiuitesmal
particles which giveacloudy or fog-like appearance to theexpanded steamT
whereas non-expanded steam, when employed as the heat carrier in
doing work, remains transparent no such water of condensation being
present in it. The time of making a stroke of the piston is so short,
and the watery particles of condensation are so excessively small and so
intimately mixed with the very much greater mass of steam, that both
are swept into the condenser together before any separation by gravity
can take place.

The water of condensation due to the varying temperature of the
metal of the cylinder during a double stroke of its piston, and compos-
ing by far the greater portion ot the cylinder condensation, is mainly de-
posited previous to the closing of the cut-off valve, and is spread uni-
formly in the form of dew over the inner surfaces of the cylinder and its
steam passages, whence it is revaporized partly during the expansion
portion of the stroke of the piston and the remainder during the exhaust
stroke, so that when the cylinder again takes steam these surfaces are
dry and comparatively cool. Thus the cylinder acts alternately as a con-
denser and a boiler, but the reevaporated steam so obtained in the cylinder
produces but little dynamic effect in comparison to its heat cost. It is
used upon the piston almost without expansion, and its entire effect
from the point of the stroke of the piston at which the reevaporation
takes place back to the valve face is lost. Of all the components of loss
in a steam engine, this cylinder condensation is the greatest; and the
economic advautanges of steam jacketing and steam superheating are
derivable directly from its prevention.

As regards the enormous influence on the economic production of the
power exercised by the metal of which the cylinder is made, an answer
may here be properly given to the questions: How, during the exceed-
ingly short time required for a double stroke of the piston, even in the
case of the slowest-working engines, can the transfer of so much heat
be effected, first from the steam to the metal of the cylinder, whereby
a considerable portion of the former is condensed, and then from the
metal of the cylinder to the water of condensation, whereby the whole
of the latter is revaporized, as is experimentally shown to be the fact?
Indeed, does not the exceeding brevity of the time in which these effects
are supposed to be produced furnish a suflicient negative to the possi-
bility of such energetic action by the metal of the cylinder ?

The answer is, that the weight of metal composing the cylinder is so
much greater than the weight of steam or of water within it per single
stroke of piston, and the extent of interior cylinder surface exposed in
connection therewith is so large comparatively, that no difficulty need
be experienced in accepting the fact of the rapidity with which the heat
is transferred, notwithstanding that the specific heat of iron at the ordi-
nary temperatures ofworking cylinders is about 0.115, while that of water
at the same temperatures is about 1.015. The heat couductibility of
iron is about forty times greater than that of water, and its density about
7.2 times greater.

Taking for illustration the case of the small cylinder in Experiment L,
in which the maximum weight of feed-water per hour was vaporized in
the boiler, the weight of steam entering the cylinder per single stroke
of piston was only 0.12825 pound. The interior surface of the cylinder
was 1,200 square inches, and the weight of cast iron in direct connection
therewith was about 220 pounds; consequently, not only did the weight
of iron exceed the weight of steam 1,716 times, but the latter if reduced
to water and spread evenly over the former would form a coating only

10081 3
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0.0031 inch thick. So far from there beiug any difficulty in conceiving
that a considerable percentage of this weight ofsteam could be condensed
to water by the metal of the cylinder having a disposable cooling power
represented by its weight, its specific heat, and the difference of tem-
perature in the cylinder during a double stroke of its piston acting
through the comparatively large extent of surface within the cylinder,
that the real difficulty would be in conceiving the reverse. Besides
which, experiments have shown that pure saturated steam in contact
with a cooler metallic body condenses almost instantaneously until heat
enough is transferred to equalize the temperature of the two bodies.
The same considerations show that the water of condensation thus de-

posited upon the inner surfaces of the cylinder will be revaporized there-
from with exceeding rapidity when the pressure under which it was de-
posited is reduced, by the disposable heat of the metal of the cylinder
and by the contained heat of the water of condensation, the latter being
measured by the difference between the total heats of vaporization due
to the difference of pressure. The cylinder acts as a condenser during
the period of steam admission, as a condenser and boiler during the
period of expansion, and as a boiler during the period of the exhaust.

Even in the case of air engines, where the heat carrier is a nou-
liquefiable gas, instead of, as in the steam engine, an extremely lique-

fiable vapor, the influence of the metal of the cylinder on the economic
performance is so strongly marked that to this cause is to be largely
attributed the small percentage practically obtained of the magnificent
results theoretically predicable.

The foregoing calculations regarding the horses-power developed by
the cylinders, and the weight of steam accounted for by the indicator,
cannot be strictly correct, though they are an exceedingly close approx-
imation to the truth, for want of correction for the temperature of the
metal of the cylinders in the first case, and for that temperature and
the bulk of water of condensation deposited upon the interior surfaces
of the cylinders in the last case.

The dimensions of the cylinders, that is, of their diameters and stroke
of piston, are from measurement with the metal at ordinary atmospheric
temperatures, but, when in use, the temperature is much greater, de-
pending upon the initial steam pressure, point of cutting off, back
pressure, cooling by revaporization of the cylinder condensation, &c.,
and, as it is impossible in any case to know

*

what the increase of the
temperature is, it is impossible to apply the proper correction for it.

The diameter of the cylinder is certainly greater when in use than
when at the ordinary atmospheric temperatures, so that if a-ccount of
only its increase of cross area due to increase of temperature be taken,
the horses-power should be proportionally larger. Further, not only is
the temperature of the cylinder greater when in use than when at or-
dinary atmospheric temperatures, with corresponding increase of cross
area, but the stroke of the piston is also lengthened, due to the fact
that the cranks are at a higher temperature when in use than the or-
dinary atmospheric temperatures. This increase of temperatures in
the cranks is caused by their being heated by the adjacent crank-pin
and crank-shaft journals, which were first heated by the friction due to
the stress upon them; additionally, too,' both cylinders and cranks are
in air when in use of considerably higher temperature than ordinary
atmospheric temperatures. Thus, a further addition should be made
to the power for increased length of stroke to the piston. On the other
hand, however, the capacity of the cylinders has been lessened by the
bulk of the water of condensation deposited upon their inner surfaces,
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and this lessening tends to compensate their increase of capacity due
to increase of temperature, and may wholly compensate it. The tyro
corrections being in exactly opposite directions, must partially and may
wholly neutralize each other; any difference must be very small and
without practical value.

The same considerations apply to the corrections of the weight of
steam accounted for by the indicator. One factor of that weight is the
capacity of the cylinder which enlarges with increase of temperature,

but which is taken in the calculations at the dimensions under ordinary
atmospheric temperatures. Hence the weight of steam, calculated from
the cold capacity of the cylinder as present in it, would be too small by
the difference between that capacity cold and hot; but then the hot
capacity is reduced by the bulk of the water of condensation deposited
upon the inner surfaces of the cylinder when in use, and by the water
of condensation due to the transmutation of heat into work and sus-
pended in the steam. These two corrections are in exactly opposite di-
rections and may entirely neutralize each other. They certainly do so
to such an extent that any remaining difference, if there be any, must
be too insignificant to be included in an experimental investigation.
For illustration, suppose one-third of the weight of steam entering the
cylinder to be condensed there, and suppose the bulk of the water of
this condensation to be of that of the steam condensed to form it,
then the bulk of the water of condensation in the cylinder will be (£ x

=) -i
-

j. of the capacity of the cylinder. A deduction of would,
in the supposed case, be the correction to be made were there no com-
pensation by the increase in the cylinder's dimensions due to increase
in the temperature. It is evident that when this small fraction is
greatly reduced by the correction for increased capacity of cylinder
owing to increased temperature, the remainder, at the largest possible,

must be too small for practical consideration.
Eeturning to the table. Line 64 contains the difference between the

quantities on lines 14 and 57. This difference shows the condensation
in the small cylinder at the point of cutting off the steam in pounds of
steam condensed therein per hour. Line 65 shows this difference in
per centum of the quantity on line 14.

Line 66 contains the difference between the quantities on lines 14 and
60. This difference shows the condensation due to all other causes

than the production of the power in the small cylinder at the end of the
stroke of its piston, in pounds of steam condensed therein per hour.
Line 67 shows this difference in per centum of the quantity on line 14.

Line 68 contains the difference between the quantities on lines 14 and
63. This difference shows the condensation due to all other causes

than the production of the power, in the large cylinder and receiver,
at the end of the stroke of the piston of the large cylinder, in pounds of
steam condensed therein per hour. Line 69 shows this difference in
per centum of the quantity on line 14, which is the weight of feed-water
pumped into the boiler per hour.

Eatio of the powers.-As the total horses power developed by
the engine are the entire dynamic effect produced by the steam, ofwhich
the indicated and the net horses-power are only fractions, it is frequently
of interest to know what these fractions are; for the larger they are,
other things equal, the more economically does the engine use the steam.
The indicated horses-power relatively to the total horses-power show
how properly the organs of the engine function; that is to say, how
efficiently the condenser, the air-pump, and the exhaust conduits from
the valve-seat of the cylinder to the condenser, act. The net horses-
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power relatively to the total horses-power include, in addition to show-
ing the efficiency of the organs of the engine, the more or less resistance
of the moving parts of the engine; that is to say, the more or less fric-
tion of the engine, per 8e, or unloaded.

The quantities on line 70 are the per centum which the indicated
horses-power developed by the engine, line 41, are of the total horses-
power, line 47.

The quantities on line 71 are the per centum which the net horses-
power developed by the engine, line 44, are of the total horses-power,
line 47.

Cylinder pressures reduced to large cylinder alone.-

Lines 72 to 75, both inclusive, give single expressions for the pressures
on the pistons of the two cylinders, by reducing them to their equiva-
lents on the supposition that the engine consisted of only the large
cylinder. As the engine consists of two compounded cylinders of un-
equal space displacements of piston per stroke, operated by unequal
pressures per square inch of pistons, and as the ratios of these pressures
are unequal in different experiments, it is necessary to obtain a single
expression for the piston pressures, for which purpose the indicated,
net, total, and back pressures on the pistons of the two cylinders have
been equated to what they would be if applied to the piston of the large
cylinder alone. The desired equivalents have been obtained by reduc-
ing the experimental indicated, net, and total pressures per square inch
on the piston of the small cylinder in the ratio of the areas of the pifetous
of both cylinders, and adding the resulting quantities to the correspond-
ing experimental pressures per square inch on the piston of the large
cylinder. The sums of these additions are contained on lines 72 to 751
both inclusive.

The quantities on line 72 are the quotients of those on line 28, divided
by 2.962275 (the ratio of the areas of the pistons of the two cylinders )7
added to the quantities on line 36.

The quantities on line 73 are the quotients of those on line 29, di-
vided by 2.962275, added to the quantities on line 37.

The quantities on line 74 are the quotients ofthose on line 30, divided
by 2.962275, added to the quantities on line 38 reduced in the ratio of
1.962275. The last reduction is required because the total pressures on
the piston of the small cylinder, line 30, are counted from zero, and
consequently cover an area of the piston of the large cylinder equal to
the area of the piston of the small cylinder, so that the addition must
be made to the quantities on line 38 in the proportion of the area of the
piston of the large cylinder to the remainder of that area after deduct-
ing the area of the piston of the small cylinder.

The quantities on line 75 are the equivalent back pressures against
the pistons in pounds per square inch of both cylinders for the large
cylinder alone. They are the remainders of the quantities on line 74
after deduction of those on line 72. Abstractly, the back pressure in
the compound engine should be only that against the piston of the large
cylinder, because the total pressure on that piston per square inch above
zero should be equal to the back pressure per square inch above zero
against the piston of the small cylinder, and would be equal to it, sup-
posing no cut-off valve for the large cylinder, if the steam passage con-
necting the exhaust end of the small cylinder and the steam end of the
large cylinder was of so great an area and so short a length that no in-
crease of pressure would be required to force the steam from the one
cylinder into the other. But, owing to the fact that the steam passage
in question has not these dimensions nor any reasonable approximation
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to them, the back pressure in pounds per square inch above zero against
the piston of the small cylinder will always be greater than the total
pressure per square inch above zero on the piston of the large cylinder.
Hence, the back pressure in a compound engine will always be greater
than in a simple engine whose cylinder is a duplicate of the large cyl-
inder of the compound engine, with equal vacuum in the condenser,
equal terminal pressure in the cylinder, and equal speed of piston. In
the simple engine there is a similar difference between the condenser
pressure and the back pressure against the piston, owing to the same
cause, namely, the restrictions offered by the too small area and too
great length, with their sinuosities, of the exhaust openings, passages,
pipes, &c., th£ back pressure against the piston exceeding more and
more the pressure in the condenser, as these areas are smaller, these
lengths greater, and these sinuosities more marked and frequent.

Supposing all other things to be the same, in a comparison of relative
capacity of cylinders for the compound and for the simple engine, that
is to say, the boiler pressure being the same and used with the same
measure of expansion, the speed of piston being equal, the vacuum in
the condenser being the same, and no pressure being lost in the transfer
of the steam from the small cylinder to the large one of the compound
engine, then, if the cylinder of the simple engine is a duplicate of the
large cylinder of the compound engine, it will develop precisely the
same power as the latter when working against the same resistance or
load. The small cylinder of the compound engine is, under all circum-
stances, whether the steam be used expansively in it or without expan-
sion, or with any measure of expansion, an addition to the cylinder
capacity, other things equal, required with the simple engine; because
the piston of the small cylinder of the compound engine, making stroke
for stroke with the piston of the large cylinder, forces the steam con-
tents of the small cylinder per stroke into the large cylinder, the latter
receiving the former and expanding it into a space equal to the differ-
ence between the capacities of the two cylinders. Hence the effective
cylinder capacity of the compound engine is the capacity of the small
cylinder added to what remaius of the capacity of the large cylinder
after deducting from it the capacity of the small cylinder, the sum being
equal to the capacity of the large cylinder. But, if there be a loss of
pressure between the two cylinders, due to the transfer of the steam
from the one to the other, this loss will enable the equivalent cylinder
of the simple engine to be correspondingly reduced in capacity and
still give equal development of power with the compound engine.

For commercial purposes the reduced capacity, as above obtained, for
.the cylinder of the simple engine can be still further slightly reduced,
owing to the fact that the pressure required with the compound engine to
work it per se, or unloaded, is greater than with the simple engine, which
increased friction pressure is due to the fact that the small cylinder of
the compound engine, and consequently the pressure required to over-
come the friction of its packings and the weight of its moving parts, is
wholly an addition to the friction pressure of the simple engine per se,
or unloaded. The indicated pressure in all engines includes the press-
ure required to work the unloaded engine, but the net pressure excludes
it, and as only the net pressure is applied to the crank-pins and does
external or commercial work, the relative cylinder capacity of the two
kinds of engine should be proportioned for the development of the same
net power, other things equal, in which case, knowing the capacities of
the cylinders of a compound engine and the net pressures upon their pis-
tons

, the equivalent cylinder capacity of a simple engine will be obtained
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as follows: Reduce the uet pressure upon the piston of the small cylinder
of the compound engine to its equivalent pressure upon the piston of
the large cylinder by dividing it by the ratio of the capacities of the two
cylinders, and add this equivalent to the net pressure upon the piston
of the large cylinder, then multiply the resulting sum by the capacity
of the large cylinder. The cylinder capacity for the simple engine will
now be given by dividing the product just obtained by the net pressure
upon the piston of the cylinder of the simple engine. The pressures
referred to are always pressures per square inch. Practically, there-
fore, other things equal, the cylinder capacity of a simple engine will
be less, and always in a marked degree, than the capacity of the large
cylinder of the compound engine. And, when the steaip is used very
expansively, so that the mean total pressure per square inch is small,
the back pressure and the friction pressure per square inch remaining
the same for all total pressures, the difference in the cylinder capacity
for the two kinds of engine developing the same power may become
quite large.

The weight of the small cylinder of the compound engine, including
that of its supports, its piston, piston-rod, cross-head, connecting-rod,
valves, and all appurtenances, is additional to the weight required for
the equivalent simple engine*; but, the initial stress being less upon the
crank-pins (the average stress remaining the same in both cases), the
weight ofthe shaft of the compound engine can be proportionally reduced,
as can also the weight of the piston-rod, cross-head, and connecting-rod
of the large cylinder, and these reductions neutralize, as far as they go,
the weight of its small cylinder. In general, however, the compound
engine will be somewhat heavier as well as somewhat bulkier than the
equivalent simple engine, and also somewhat more costly. The less
initial stress upon the crank-pins of the compound engine, and conse-
quently upon its crank-shaft journals, is a valuable mechanical advan-
tage, as regards practical convenience, in its favor over the simple engine.
Its economic advantage, whatever that may prove to be, when the
steam pressure, saturated or superheated, is used with the same meas-
ure of expansion in equivalent cylinders of the two kinds of engine for
the same power developed, the vacuum in the condenser being the same
as well as the number of double strokes made by the pistons per minute,
the cylinders of both engines being steam-jacketed or not jacketed, must
be found entirely in the less cylinder condensation of the compound
engine, the extremes of temperature in its cylinders being much less
than in the cylinder of the simple engine. To the extent, therefore, that
the gain by the lessened cylinder condensation exceeds the loss by the
increased back pressure and friction pressure, should there be such ex-
cess, will the compound engine exceed the equivalent simple engine
in economy of fuel. Under proper and equal conditions, it would seem
that the difference could not be much.

The smaller the cylinder and the slower the speed of its piston, other
things equal, the greater is the cylinder condensation proportionally
to the weight of steam entering the cylinder; therefore, in a comparisoo
of the compound and simple engines, the economic gain by the former
should be at a maximum with small cylinders and slow speed of pistons,
decreasing with increasing size of cylinders and increasing speed of
pistons; also, with steam-jacketing, steam-superheating, and, generally,
with ail the cases which decrease cylinder condensation; for the loss, iu
the case of the compound engine, by increased back pressure and fric-
tion pressure, is not affected by the causes which lessen cylinder con-
densation.
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Like all physical questious, the comparative economy of fuel with the
compound and the simple engine can only be answered by experiments
made with all the conditions proper and the same for each. The results
will necessarily be as various as the limiting conditions,

and will show

that no geneial answer can be given independently of them, each set of
which will form a separate problem and require a distinct solution.

The difference between the quantities on lines 72 and 73 shows the
pressure per square inch on the piston of the large cylinder alone, re-
quired to work the engine, per se, or unloaded; that is to say, to over-
come the friction of the packings and of the weights of the moving parts
attached to each cylinder.

Relative economy of the powers.-Lines 76, 77, and 78 contain
respectively the quantities representing the relative economy of heat
with which the indicated net and total horse-powers were developed by
the engine under the different conditions of the experiments. They are
the quantities on lines 54, 55, and 56 expressed proportionally, those for
Experiment D being taken as unity. They show that very different re-
lations exist between the economical results of the indicated net and to-
tal horse powers, comparing the same experiments; and that while in
any two experiments the total horse power might be developed more
economically in the one than in the other, the very reverse might be
the fact for the net horse-power. The total work done by the steam
and the useful work obtained from it have no fixed relation.

As the cylinder condensation in steam engines exerts so great an in-
fluence on their economic efficiency, and as the economic superiority
of the compound over the simple engine, other things equal, arises en-
tirely from the less condensation of the steam in its cylinders,

the dis-
tribution of that steam between its two cylinders should, for maximum
economic effect, be made in a manner that will produce the least cyl-
inder condensation.

Now, evidently, if the steam be so distributed that practically speak-
ing all the power of the engine is developed in the small cylinder of
the compound engine, then the large one becomes merely an exhaust
pipe for the small one. And. similarly, if all the power of the engine is
developed in the large cylinder, the small one becomes merely a steam
pipe for the large one, so that in either of the supposed cases the com-
pound engine would be converted into a simple engine, and manifestly
lose with its character its suptrior economic efficiency, its cylinder con-
densation becoming just the same as that of the equivalent simple en-
gine. There must be, consequently, pome point between the two ex-
tremes, some proportionment of the power between the two cylinders,

that would produce the minimum cylinder condensation and give as a
result the maximum economic effect. In proportioning the power,

there-
fore

, between the two cylinders, care must be taken that not only the
steam pressure is properly distributed for produciug the maximum eco-
nomic effect by reducing the loss of pressure to the minimum in the
transfer of the steam from the small cylinder to the large one,

but that

the cylinder condensation shall be at the same time reduced to the mini-
mum

, for on the more or less completeness with which these two condi-
tions are combined will be the economic efficiency of the compound
engine.

As regards the production of the minimum cylinder condensation, the
probability seems that the power should be so divided between the cyl-
inders that the product of the internal surface of one cyliqder, including
surface of steam passage and piston, and half the surface of the piston-
rod

, into the difference between the temperature of the initial steam in
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that cylinder and the temperature of the back pressure at the end of the
exhaust stroke of the piston, should equal the similar product in the case
of the other cylinder, the weight of steam used in both cylinders being
about the same. Of course this problem, like all others in physics, is
to be solved by experiment alone, to which end trials cannot be too nu-
merous of the same compound engine with every possible variation of
valve-gear, giving corresponding variations of pressure distribution in
the two cylinders, and of cylinder condensation. From the discussion
of a sufficiently large number of such trials, a general law may be ex-
periipentally evolved.

As the difference of economic effect in a compound engine is very great
between such a distribution of the pressure in its two cylinders as will
give the least loss by producing the minimum loss of pressure in the
steam transfer from one cylinder to the other in combination with the
minimum steam condensation in them, and such a distribution of the

pressure in its two cylinders as will give the greatest loss of pressure in
the steam transfer in combination with the greatest cylinder condensa-
tion, every compound engine should have determined for it, by actual
trial at the speed of piston with which it is to be used, the distribution
of pressure that will produce the minimum economic loss. This distri-
bution will probably vary with each engine, and possibly largely, butthere
is no other way in which it can be ascertained. The proper distribution
of the pressure for maximum economy is a far more complex and diffi-
cult matter in a compound engine than in a simple engine, because the
conditions affecting it are more numerous and more occult.

In ordinary practice the pressure in compound engines is so distrib-
uted as to make the indicated horses-power developed by each cylinder
the same, the purpose being to equalize the strains upon the mechanism
of each cylinder, a purely mechanical effect and a useful one, but not
necessarily producing the maximum economic effect. The delicate point
is to combine the proper mechanical effects with the maximum economic
effects in such a manner as, with a given boiler and condenser pressure,
to produce the required power from cylinders of the least dimensions.
To accomplish this, the results of many experiments from many com-
pound engines must be carefully and intelligently studied, and the labor
will be profitably bestowed, for the difference in the money expenditure
involved for the production of a given power from a compound engine
skillfully or unskillfully designed is very great.

DISCUSSION OF TUE RESULTS.

In comparing the results for different experiments, the comparisons
should be confined to those in which the speed of the pistons did not
materially vary, as that factor considerably intinences the results in the
case of engines having a marked cylinder condensation. Also, the ini-
tial pressure at the commencement of the stroke of the piston of the
small cylinder should not materially differ, nor the back pressure against
the piston of the large cylinder, though these factors seem to influence
the economical development of the power in a much less degree than
the speed of the piston.

The comparisons to be made of the results of these experiments, al-
low, within their limits and for their conditions, other things being sup-
posed equal, the following determinations, namely:

1st. The economical effect produced in the development of power, by
closing the cut off valve of the large cylinder at different points of the
stroke of its piston.
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2d. The ecouoinical effect produced in the development of power by
using the steam with dilferent measures of expansion.

3d. The economical eifect produced in the development of power by
using the steam with different initial pressure on the piston of the small
cylinder.

4th. The economical effect produced in the development of power by
Himultaneously increasing the speed of the pistons and the pressures
upon them.

Discussing these cause** affecting the thermic economy with which
the power was developed by the compound engine of the 44 Siesta," and
within the limits and under the conditions of the experiments, the fol-
lowing results will be found:

Of the influence exercised upon the thermic economy with
WHICH THE POWER IS DEVELOPED IN A COMPOUND ENGINE, BY CLOSINO

THE CUT-OFF VALVE OF THE LARGE CYLINDER AT DIFFERENT POINTS

of the stroke of its piston.-To determine the magnitude of this in-
fluence, the results of Experiments B and C will first be compared. In
these two experiments, the piston speed differed but slightly, the num-
ber of double strokes made per minute being 160.44444 in Experiment
B, and 170.33809 in Experiment (3. The initial pressure in the small
cylinder in pounds per square inch above zero, was 102.93 in Experi-
ment B, and 105.30 in Experiment C. The pressure at the point of
cutting off in the small cylinder in pounds per square inch above zero,
was 90.71 in Experiment B, and 90.13 in Experiment G. The final
pressure in the large cylinder during Experiment B was 7.64 pounds
persquareinchabovezero,andduringExperimentC 7.15. The backpress-
ure against the piston of the large cylinder was nearly the same in both
experiments. In Experiment B the steam was expanded 9.91229 times,
and in Experiment C 9.61731 times. The mean total pressure in pounds
per square inch above zero, reduced for the piston of the large cylinder
alone, was 29.90347 for Experiment B, and 28.69970 tor Experiment C.
The total horses-power developed by the engine,

were 116.73975 in Ex-

periment B, and 112.63125 in Experiment C. All the conditions are,
therefore, sufficiently near equality except the one at issue, namely,
that in Experiment B the cut off valve of the large cylinder was closed
when 0 2511 of the stroke of its piston was completed, and in Experi-
ment C when 0.4648 was completed. In Experiment B, the total horse-
power was obtained for 15740.62131 Fahrenheit units of heat consumed
per hour, and in Experiment C for 16046.09624 units; the conditions in
Experiment O being economically 1.9407 per centum inferior to those
in Experiment B.

Again, the results of Experiments E and F may be compared,
to de-

termine the influence on the economic development of the power due to
closing the cut off valve of the large cylinder when 0.2374 of the stroke
of its piston was completed as in Experiment E,

and when 0.4522 of the

stroke of its piston was completed as in Experiment F. In these two
experiments, the piston speed differed but slightly,

the number of

double strokes made per minute being 177.94444 in Experiment E,
and

178.51Q67 in Experiment F. The initial pressure in the small cylinder
in pounds, ner square inch above zero was 90.45 in Experiment E, and
82.18 in Experiment F. The pressure at the point of cutting off in the
small cylinder in pounds per square inch above zero, was 75.55 in Ex-
periment E, and 74.02 in Experiment F. The final pressure in the large
cylinder during Experiment E, was 9.00 pounds per square inch above
zero, and during Experiment F, 9.53. The back pressure against the
piston of the large cylinder was nearly the same in both experiments.
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In Experiment E the steam was expanded 6.20137 times, and in Expe-
riment F 6.40193 times. The mean total pressure in pounds per square
inch above zero, reduced for the piston of the large cylinder alone, was
34.73920 for Experiment E, and 32.96556 for Experiment F. The total
horses-power developed by the engine, were 142.42101 in Experiment
E, and 135.58420 in Experiment F. All the conditions are, therefore,
sufficiently near equality, except the one at issue, namely, that in Ex-
periment E tbe cut-off valve of the large cylinder was closed when
0

.2374 of the stroke of its piston was completed, and in Experiment F
when 0.4170 was completed. In Experiment E the total horse-power
was obtained for 14922.31862 Fahrenheit units of heat consumed per
hour, and in Experiment F for 15933.99601 units; the conditions in
Experiment F being economically 6.7796 per centum inferior to those
in Experiment E.

The mean of the two preceding determinations shows that the econo-
mic development of the total power, when the cut off valve of the large

(0 4648+0 4170 \*
: - j0.4409 of the stroke of its pis-

ton, was 6 == 4.3601 per centum inferior to what it was

when the cut-off valve was closed at Q ± = 0.2442 of the
stroke.

Extending the comparison to the cases of Experiments F, G, and H,
in the latter two of which the cut-off valve of the large cylinder was
closed still later, and comparing tbe data and results of Experiment F
with the mean of the data and resuhsof Experiments G and H-Expe-
riment H being nearly a repetition of Experiment G, the principal vari-
ation being in the less piston speed of Experiment G, due to a stronger
head-wind, the following are obtained:

The number of double strokes made per minute by the pistons in Ex-
periment F was 178.51667, and in Experiments G and H

173.35000Him:m79=
<
)l75

The initial pressure in the small cylinder in pounds per square inch

above zero, was 82.18 in Experiment F, and -
"t

-

?-.- 79.37 in
Experiments G and H. The pressure at the point of cutting off in the
small cylinder in pounds per square inch above zero, was 74.02 in Ex-

(74 904-72 34 \
---J--= J73.62 in Experiments G and H. The

final pressure in the large cylinder during Experiment F was 9.53 pounds
per square inch above zero, and during Experiments G and H

9
.395.

The back pressure against the piston of the large cylinder was 4.360
pounds per square inch above zero during Experiment F, and

(i- =) 3.928
pounds during Experiments G and H. In Experiment F the steam was
expanded 6.40193 times, and in Experiments G and H

(6-28256t5-97668=) 6.12962
times. The mean total pressure in pounds per square inch above zero,
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reduced for the piston of the large cylinder above, was 32.96556 for Ex-

periment F, and .07594+2
_

9M2
_

8=) 29.08661 for Experiments G
and H. The total horses-power developed by the engine, were 135.58420

in Experiment P, and 116-12546+1
_

l8-73924=) 117.43235 in Expert-
'

inents G and H. The conditions throughout are to a small extent more
favorable in Experiment P than in Experiments G and H; nevertheless,
the difference is not sufficient to prevent comparison between the re-
maining condition which is the one at issue, namely, that in Experi-
ment F the cut-off valve of the large cylinder was closed when 0.4522
of the stroke of its piston was completed, and in Experiments G and H

when 5i8460+0.8573 0.85165 was completed. In experiment F,
the total horse-power was obtained for 15933.99601 Fahrenheit units of
heat consumed per hour, and in experiments G and H for

/18799.25957+19064.230C8 18931 74512

units; the conditions in Experiments G and H being economically
18.8135 per centum inferior to those in Experiment F.

Again, the results of Experiments E and I may be compared to de-
termine the influence on the economic development of the power due
to closing the cut-off valve of the large cylinder when 0.2374 of the stroke
of its piston was completed as in Experiment E, and when 0.8743 of the
stroke of its piston was completed as in Experiment I. In these two-
experiments the piston speed differed but slightly, the number of double
strokes made per minute being 177.94444 in experiment E, and 176.65354
in Experiment I. The initial pressure in the small cylinder in pounds
per square inch above zero, was 90.45 in Experiment E, and 91.30 in
Experiment I. The pressure at the point of cutting off in the small
cylinder in pounds per square inch above zero, was 75.55 in Experiment
E

, and 76.30 in Experiment I. The final pressure in the large cylinder
during Experiment E was 9.00 pounds per square inch above zero, and
during Experiment 110.82. The back pressure against the piston of
the large cylinder in pounds per square inch above zero was 4.328 dur-
ing Experiment E, and 5.090 during Experiment I. In Experiment E
the steam was expanded 6.20137 times, and in Experiment I 5.84326
times. The mean total pressure in pounds per square inch above zero,
reduced for the piston of the large cylinder alone, was 34.73920 for Ex-
periment E, and 31.33134 for Experiment I. The total horses power
developed by the engine were 142.42101 in Experiment E, and 127.51792.
in Experiment I. The conditions, through a little the most favorable
for Experiment E, are sufficiently near equality, except the one at issue,.
namely, that in Experiment E the cut-off valve of the large cylinder
was closed when 0.2374 of the stroke of its piston was completed, and
in Experiment I when 0.8743 was completed. In Experiment E the
total horse-power was obtained for 14922.31802 Fahrenheit units of heat
consumed per hour, and in Experiment 1 for 18245.66101 units, the con-
ditions in Experiment I being economically 22.2710 per centum inferior
to those in Experiment E.

No comparison is proper between the econom c results of Experiment
D and those of other experiments in which the steam was expanded
about the same number of times, because of the much higher piston
speed (190.19443 double strokes of piston per minute), and much greater
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initial pressure (106.23 pounds per square inch above zero) in the small
cylinder during Experiment D.

From the foregoing there appears that each lengthening of the cut off
in the large cylinder, that is to say, each closing of the cut-off valve of
that cylinder when a greater and greater fraction of its stroke was com-
pleted, from 0.2374 to 0.8743, was attended by a marked decrease in the
economic development of the total horse-power; and, consequently, if
all the other conditions were exactly the same, there would be a cor
responding decrease in the economy of the indicated horse-power and of
the net horse-power.

A cut-off valve on the large cylinder of a receiver compound engine
is, according to the evidence of these experiments, which is in harmony
with theoretical indications

, requisite for obtaining the power with the
least expenditure of fuel, as well as for convenience in the distribution

of the pressures and for the equalization of the powers developed in the
two cylinders. Also in the event of accident disabling the small cyl-
inder, and the consequent necessity of using the large cylinder aloue,
the cut off valve on the large cylinder is iudispensable to economy of
fuel, and this latter consideration applies with equal force to both ar-
rangements of the cylinders of the compound engine, namely, the tan
dem and the receiver.

Of the influence exercised upon the thermic economy
WITH WHICH THE POWER IS DEVELOPED IN A COMPOUND ENGINE
BY THE DIFFERENT MEASURES OF EXPANSION WITH WHICH THE

steam is used.-The measure of expansion with which the steam is
used in a compound engine depends, theoretically, entirely on the point
at which the cut-off valve closes in the stroke of the piston of the small
cylinder. It is not in the least affected, theoretically, l)y the presence
or absence of a cut-off valve on the large cylinder, nor by the point in
the stroke of the piston of the large cylinder at which that valve may
<5lose. Practically, however, the cut-off valve on the large cylinder en-
ables the steam re-evaporated from the water of condensation in the
small cylinder to be used expansively iu the large cylinder, instead of
being used there without expansion. And it also enables the steam
pressure to be so distributed in the two cylinders as to obtain for the
greater measures of expansion a higher economy relatively to the smaller
ones than can be obtained in the simple engine; because, in the com-
pound engine, when the steam is used with a considerable measure of
expansion in the small cylinder, its pressure at the end of the stroke of
the piston can be made the same as that of the back pressure and there-
by secure the most economical distribution of the pressures without
sacrificing the equality of the indicated power developed in each of the
two cylinders which cannot be done if the steam be used with an incon-
siderable measure of expansion in the small cylinder. In other words,
when the steam is used with much expansion in the small cylinder, the
expansion curve can be made to touch the line of the back pressure at
the end of the stroke of the piston, which enables the maximum eco-
nomic distribution of the steam pressures to be made and yet allows the
small cylinder to develop an equal indicated power with the large one;
but when the steam is used with inconsiderable measures of expansion
iu the small cylinder, then, if the above-described distribution of the
pressures be made so that the expansion curve meets the line of the
back pressure at the end of the stroke of the piston, the small cylinder
would develop only a very small indicated power.

Now, in this case, if the small cylinder must develop an equal in-
dicated power with the large one, its terminal pressure must be kept
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Bufficiently high above the line of the back pressure; and higher au<!
higher as the measure of expansion with which the steam is used is less
and less; consequently, there is a greater loss of pressure in the steam
transfer from one cylinder to another when the steam is used with a
lesser measure of expansion in the femall cylinder than when it is used
with a greater measure, the same power being developed in the small
and in the large cylinder. When, therefore, under this unfavorable con-
dition of a greater loss of pressure in the steam transfer from the small
to the large cylinder, that attends the development of equal indicated
powers in the two cylinders with less measures of expansion in the small
cylinder than with greater ones, which unfavorable condition becomes
more and more exaggerated as the measure of expansion becomes les*
and less, it is evident that the greater economy of using the steam with
greater measures of expansion in the same compound engine is not only
what may be due to the greater measures of expansion, jper se, but ad-
ditionally, to What is due to the less loss of pressure in the transfer of
the steam from the one to the other cylinder.

These considerations do not apply to the use of steam with the greater
measures of expansion in the simple engine, in which case whatever
economy may be found for the greater measures is just what is due to
them, per se. Hence, in the same compound engine developing about
the same indicated power in both cylinders, the greater measures of ex-
pansion should produce a greater economy relatively to the smaller
measures than in the case of the simple engine; so that under the above
condition in the former engine, other things equal, expansion can be
beneficially carried further than in the latter one.

In examining the economic results of experiments witb steam used
with different measures of expansion in the samecompound engine, there-
fore, they will be found to be much governed by the point in the stroke
of the piston of the large cylinder at which the cut-off valve of that
cylinder closes, as well as by the point in the stroke of the piston of the
small cylinder at which its cut-off valve closes.

It is extremely difficult to obtain proper conditions for such compari-
sons. Obviously, the piston speed, the initial pressure in the small cyl-
inder, the back pressure in the large cylinder, and the effective power
developed by the engine should be the same, the latter condition re-
quiring cylinders of greater and greater area of piston-the stroke re-
maining constant-as the measure of expansion employed was greater
and greater. The point at which the cut-off valve of the large cylinder
closes in the stroke of its piston should be that which produces the
greatest economy in eaeh case. These conditions involve the expend-
iture of so much money and time, and the trials would have to be so
numerousin view of all the changes of valve-gear which could be effected,

that important to the industrial arts as the results would be, there is
but little hope of such a system of experiments being undertaken.

The experimental results obtained from the compound engine of the
"Siesta", though exact tor the experimental conditions, do not allow a
completely satisfactory comparison to be made of the influence that;
would be exerted on the economic development of the power by the
measure of expansion with which the steam was used if those condi-
tions were what they should be for that purpose. As near as these ex-
periments admit, however, they may be discussed as giving a reason-
able indication of the truth. Of course they show the economic effect,
in the case of a given compound engine, of using the steam with the
different experimental measures of expansions under the experimental
conditions.
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A comparison of the results of Experiments B and E, whose data
furnish the nearest approach to the proper comparable conditions,
allows the determination to be made of the relative economy of using
steam expanded in the same compound engine, 9.91229 times as in Ex-
periment B, and 6.20137 times as in Experiment E. In the former ex-
periment the cut-off valve of the large cylinder closed when 0.2511 of
the stroke of its piston was completed, and in the latter experiment
when 0.2374 of that stroke was completed. In Experiment B the pis-
tons of the engine made 169.44444 double strokes per minute, and in
Experiment E, 177.94444; the lesser measure of expansion having in
this respect the most advantageous condition. In Experiment B the
initial steam pressure in the small cylinder was 102.93 pounds per square
inch above zero, and in Experiment E, 90.45, the lesser measure of ex-
pansion having in this respect the least advantageous condition. The
greater piston speed with the lesser measure of expansion may be con-
sidered as neutralized in large part, if not wholly, by the smaller initial
steam pressure, as regards economic effect. The back pressure against
the piston of the large cylinder in Experiment B was 3.765 pounds per
square inch above zero, and in Experiment E, 4.328. When the steam
was expanded 9.91229 times (Experiment B),.the total horse-power cost
15740.62131 Fahrenheit units of heat per hour; and when expanded
6.20137 times (Experiment E), 14922.31862 units; consequently, the
greater measure of expansion was economically 5.4837 per centum in-
ferior to the lesser measure. Now, if the same initial steam pressure
had been used with both measures of expansion, then the mean total
pressure would have been much greater with the lesser measure of ex-
pansion than with the greater; and, as the back pressure and the press-
ure required to work the engine, per se, are constant for all measures
of expansion, the indicated horse-power would have been obtained by
the lesser measure of expansion with considerably greater economy than
the above 5.4837 per centum, and the net horse-power with still more
economy. It is quite evident from these experiments that a loss instead
of a gain in the thermic cost of the power, follows any increase in the
measure of expansion beyond six times. And this result is for a piston
speed and initial steam pressure considerably above the average in
practice, but with saturated steam used in unjacketed cylinders. .

Again, making comparison of the results of Experiments O and F,
whose data furnish the nearest approach to comparable conditions, the
cut-off valve of the large cylinder closing in Experiment C when 0.4648
of the stroke of its piston was completed, and in Experiment F when
0

.4522 of that stroke was completed, allows the determination to be
made of the relative economy of using steam expanded in the same
compound engine 9.61731 times as in Experiment C, and 6.40193 times
as in Experiment F. In Experiment C the pistons of the engine made
170.33809 double strokes per minute, and in Experiment F 178.51667;
the lesser measure of expansion having in this respect the most advan-
tageous condition. In Experiment C the initial steam pressure in the
small cylinder was 105.30 pounds per square inch above zero, and in
Experiment F 82.18; the lesser measure of expansion having in this
respect the least advantageous condition. The greater piston speed
with the lesser measure of expansion may be considered as neutralized
in large part, if not wholly, by the smaller initial steam pressure, as
regards economic effect. The back pressure against the piston of the
large cylinder in Experiment C was 3.340 pounds per square inch above
zero, and in Experiment F 4.360. When the steam was expanded
9.61731 times (Experiment C), the total horse-power cost 16046.09624
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Fahrenheit units of heat per hour; and when expanded 6.40193 times
(Experiment F)? 15933.99601 units; consequently the greater measure
of expansion was 0.7035 per centum economically inferior to the lesser
measure. Had the proper condition of equal initial pressure obtained
in both cases, then the back pressure and the pressure required to

,

work

the engine, per se, being constant for all cases, the indicated pressure
and still more the net pressure would have been greater proportions of
the mean total pressure with the lesser measure of expansion than with
the greater, and the economy with which the indicated horse-power,
and still more the net horse-power was developed with the lesser mea-
sure of expansion would have been proportionally greater than the
above 0.7035 per centum over the economy with the greater measure of
expansion. Thus, again, it is experimentally shown that under equal
and proper conditions, expanding the steam in a compound engine be-
yond about six times, involves a loss instead of a gain in fuel.

Experiments A and E would be comparable for determining the influ-
ence upon the economic development of the power of extending the ex-
pansion of steam in a compound engine from 6.20137 to 12.92622 times,
were the difference between the piston speeds in the two cases not so
great. In Experiment 4, during which the steam had the greater
measure of expansion, the pistons made 146.54563 double strokes per
minute; and in Experiment E, during which the steam had the lesser
measure of expansion, the pistons made 177,94444 double strokes per
minute. In the important respect of piston speed, therefore, the greater
measure of expansion had the least advantageous condition. But as the
initial-steam pressure in the small cylinder during Experiment E, in
which the lesser measure of expansion was used, was 90.45 pounds per
square inch above zero while in Experiment A, in which the greater
measure of expansion was used, it was 110.03 pounds,

so that in the

important respect of initial pressure the greater measure of expansion
had the most advantageous condition the two variations from equality
being in opposite directions, may be held to neutralize each other, if
not wholly, at least iu great part. The back pressure against the pis-
ton of the large cylinder was 3.797 pounds per square inch above zero
in Experiment A, and 4.328 pounds in Experiment E. When the steam
was expanded 12.92622 times (Experiment A), the total horse-power
cost 15431.43327 Fahrenheit units ofheat consumed per hour; and when
expanded 6.20137 times (ExperimentE), 14922.31862 units; consequently,
the greater measure of expansion was 3.4117 per centum economically
interior to the lesser. In Experiment A the cut off valve of the large
cylinder closed when 0.2627 of the stroke of its piston was completed;
and in Experiment E when 0.2374 of that stroke was completed. Had
the initial pressure with the lesser measure of expansion been the same
as with the greater measure, the back pressure and the pressure re-
quired to work the engine,per se, remaining constant, the indicated and
net pressures would have been so very much larger a proportion of the
mean total pressure in the case of the lesser measure of expansion than
in the case of the greater measure, that the economic development of
the indicated horse-power, and still more of the net horse power, with
the lesser measure of expansion would have largely exceeded the eco-
nomic development of these horse-powers with the greater measure of
expansion. In the case of this comparison, as iu those of the pre-
ceding ones, the experimental evidence shows that an economic loss
attends the extension of the measure of expansion beyond about six
times, even if considerable be allowed in favor of the greater measure
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of expansion on account of the less experimental speed of the piston in
Experiment A than in Experiment E.

It is to be regretted that Experiment J was of such short duration-
only 0.544 of an hour-which makes its data less certain than that of
the other experiments of much longer duration; but the error, or rather
uncertainty, due to the fewer observations cannot be great, if any, and
is as likely to be against as for the economic results. In t hat experiment
the steam was expanded only 3.24468 times, with the cut-off valve of
the large cylinder closed when 0.2976 of the stroke of its piston was
completed; and the results can be compared with those of Experiment
D in which the steam was expanded 5.91860 times, with the cut oft'
valve of the large cylinder closed when 0.2084 of the stroke of its piston
was completed. The naniber of double strokes made per minute by the
pistons did not materially vary in the two experiments, being 193.16838
in Experiment J, and 190.19443 in Experiment D. The back pressure
in the two experiments against the piston of the large cylinder did not
materially vary, but the initial pressure in the small cylinder differed
enormously, being 105.23 per square inch above zero with the greater
measure of expansion (Experiment D), and 66.70 pounds with the lesser
measure of expansion (Experiment J). Indeed, not only was the advan-
tage in this respect for the greater measure of expansion very large, but
the ratio of the two cylinders to each other was very disadvantageous
for the lesser measure of expansion, as only one-fifth of the indicated
horses-power of the engine was developed in the small cylinder during
Experiment J. Had the two cylinders been better proportioned to each
other, and had the initial pressure been as high with the lesser measure
of expansion as with the greater, much better economic results than the
experimental ones in regard to the cost of the total horse-power would
have been obtained with the lesser measure. When the steam was

expanded 5.91860 times (Experiment D), the total horse-power cost
13754.70533 Fahrenheit units of heat per hour; and when expanded
3

.24468 times (Experiment J) 16510.63272 units; consequently the lesser
measure of expansion was 20.0363 per centum economically inferior to
the greater measure. As the per centum of the mean total pressure
realized as indicated pressure and still more as net pressure would liave
been very much greater with the lesser measure of expansion than with
the greater measure, the back pressure against the piston of the large
cylinder, and the pressure required to work the engine, per se, being
constant, the same initial pressure being used in both cases, the above
economic inferiority of 20.0363 per centum found with the lesser measure
of expansion for the total horse-power, would have been largely reduced
for the indicated horse-power and still more for the net horse power.

Experiment L was a repetition of Experiment K, made on a diftereut
day, with the view of ascertaining the degree of confidence that might
be placed in the experimental determinations. The conditions of tliese
two experiments were almost identical, and so were the results; the
cost of the total horse-power in Experiment K being 21866.14355 Fah-
renheit units of heat per hour, and in Experiment L 21563.41095 units,
a difference of 1.4039 per centum of the smaller number. In Experi-
ments K and L the cut-off valve of the large cylinder closed when

0
.8706+0.8701= 0.87035 ofthe stroke ofits piston was completed; the

pistons made per minute :3 +i®4-¥ == 184.87570 double

strokes; the initial pressure in the small cylinder was 6o'60+64'98==-
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65.29 pounds per square inch above zero; the back pressure against

the piston of the large cylinder was 5-64:0+5-259= 5.4495 pounds;
and the measure of expansion with which the steam was used, was

26134+3,26033 3

The experiment furnishing the nearest comparable conditions, ex-
cepting the one at issue, namely, the measure of expansion, is experi-
ment H, in which the cut-off valve of the large cylinder closed when
0.8573 of the stroke of its piston was completed; the pistons made per
minute 177.12179 double strokes; the initial pressure in the small
cylinder was 78.34 pounds per square inch above zero; the back press-
ure against the piston of the large cylinder was 3.784 pounds per square
inch above zero; and the measure of expansion with which the steam
was used was 5.97668 times. In this comparison, as in the preceding
ones, the lesser measure of expansion has the most advantageous piston
speed, and the most disadvantageous initial pressure; to a certain ex-
tent without doubt, and possibly entirely, these opposed conditions, as
regards economy of power development, counterbalance each other.
Assuming such to be the fact, the following result is obtained: The
total horse-power with the greater measure of expansion (Experiment
H) cost 19064.23068 Fahrenheit units of heat per hour, and with the
lesser measure of expansion (Experiments K and L) it cost

21866.14355+21563.41095 21714.77725

units; consequently, the lesser measure of expansion was 13.9032 per
centum economically inferior to the greater measure. In this compari-
son, too, if the same initial pressure were used with both measures of
expansion, the mean total pressure would be much more with the lesser
measure of expansion than with the greater, and as the back pressure
against the piston of the large cylinder, and the pressure required to
work the engine, per se, are constant, there would be realized a higher
percentum of the mean total pressure in indicated pressure and in net
pressure with the lesser than with the greater measure of expansion, so
that the indicated and net horse-powers would be obtained in the cases
of the two measures of expansion with far less economic difference than
the above 13.9032 per centum-possibly with no difference.

The important deduction from these experiments, as regards the in-
fluence on the economic development of power of using steam with dif-
ferent measures of expansion, seems to be: That with equal initial press-
ure in the small cylinder, equal back pressure against the piston of the
large cylinder, equal speed of piston of the same stroke, and equal net
power developed, it may be doubted whether, with cylinders properly
proportioned to give the best results with the measure of expansion
employed and having the pressures in them distributed in the most ad-
vantageous manner for the measure of expansion employed, by the cut-
off on the large cylinder, any economic gain could be obtained for the
net horse-power by expanding the steam more than from four to five
times, even in a compound engine using saturated steam of a very high
pressure in unjacketed cylinders with pistons working at a very high
reciprocating speed.

This deduction
, should it be confirmed by other experiments, is very

important in view of the enormous power required in the near future for
ocean steam navigation, because the excessive cost, weight, and bulk of
engines when such power is developed by using the steam very expan-

10081 i
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sively, limits it below what can be obtained when the steam is used with
less expansion.

Of the influence exercised upon the thermic economy
WITH WHICH THE POWER IS DEVELOPED IN A COMPOUND ENGINE

BY DIFFERENT INITIAL PRESSURES IN THE SMALL CYLINDER.-The
economic development of power in a compound engine is affected in a
marked degree by marked variations of the initial pressure in the small
cylinder, other things equal, according to the only pair of experiments
made under proper conditions for a comparison, namely, Experiments
Hand I.

This difference in the economic" effect produced by different initial
pressures, other things equal, is due to two causes: One, that a given
bulk of steam pressure is obtained with a less proportional expenditure
of heat with steam of high pressure than with steam of low pressure;
the other, that the cylinder condensation is less, relatively to weight of
entering steam, with high initial pressure than with low, because the
weight of steam passed through the cylinders in a given time is nearly
pro rata with the higher initial pressure than with the lower, while the
refrigerating influences increase in a very much less proportion. The
last cause is considerably the most important of the two.

In the comparable Experiments H and I the pistons made 177.12179
double strokes per minute for the former and 176.65354 for the latter
the cut-off valve of the large cylinder closed when 0.8573 of the stroke
of its piston was completed in Experiment H and when 0.8743 of the
stroke was completed in Experiment F.; the back pressure in the large
cylinder in Experiment H was 3.784 pounds per square inch above zero
and 5.090 pounds in Experiment I; the steam was expanded 5.97668 times
in Experiment H and 5.84326 times in Experiment I; the initial pressure
in the small cylinder was 78.34 pounds per square inch above zero in Ex-
perimentHand 91.30poundsinExperimentI; the number of totalhorses-
power developedin Experiment H was 118.73924, each of which required
the consumption of 19064.23068 Fahrenheit units ofheat per hour; while,
in Experiment 1 127.51792 total horses-power were developed for a con-
sumption of 18245.66101 Fahrenheit units of heat per hour each ; con-
sequently the lower initial pressure (Experiment H) was economically
4.4864 per centum inferior to the higher initial pressure (Experiment I).
As the mean total pressure is higher with higher initial pressures, other
things equal, and as the back pressure against the piston of the large
cylinder, and the pressure required to work the engine, per se, are con-
stant, there will be a larger per centum of the mean total pressure
utilized as indicated pressure and still larger as net pressure with the
higher initial pressures than with the lower ones; consequently the
indicated and, still more, the net horse-power will be obtained for the
higher initial pressure in Experiment I with greater economy than the
above 4.4864 per centum, relatively to the cost of the indicated and net
horse-powers with the less initial pressure in Experiment H.

OF THE INFLUENCE EXERCISED UPON THE THERMIC ECONOMY WITH
WHICH THE POWER IS DEVELOPED IN A COMPOUND ENGINE BY SIMUL-

TANEOUSLY INCREASING- THE SPEED OF THE PISTONS AND THE PRESS-

URES upon them.-The table furnishes but one pair of experiments
that can be used to show the influence exercised upon the economic de-
velopment of the power by simultaneously increasing the speed of the
pistons of the same compound engine and the pressure upon them;
namely Experiments D and E, in which about the same measure of ex-
pansion is used for the steam, with the cut-off valve of the large cylin-
der closing at about the same point in the stroke of its piston 5 but with
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a marked difference in the speed of the pistons given by a marked dif-
ference in the pressure upon them.

In Experiment D the steam is expanded 5.91860 times, with the cut-
off valve on the large cylinder closed when 0.2084 of its stroke was com-
pleted. In Experiment E the steam is expanded 6.20137 times, with
the cut-off valve on the large cylinder closed when 0.2374 of its stroke
was completed. The initial pressure in the small cylinder during Ex-
periment D was 105.23 pounds per square inch above zero, and during
experiment E 90.45 pounds. The back pressure against the piston of
the large cylinder was 5.122 pounds per square inch above zero in Ex-
periment D and 4.328 pounds in Experiment E. The number of double
strokes made by the pistons per minute was 190.19443 in Experiment
D and 177.94444 in Experiment E. The total horse-power in Experi-
ment D was obtained for the expenditure of 13754.70533 Fahrenheit
units of heat (per hour, and in Experiment E for 14922.31862 units;
consequently, the economic result with the slower speed of piston and
the lower pressure (Experiment E) was 8.4888 per centum inferior to
that with the faster speed of piston and the higher pressure (Experi-
ment D).

As the mean total pressures reduced for the piston of the large cyl-
inder alone, compare in the two experiments as 41.22100 and 34.73920
pounds per square inch above zero, and as the back pressures against
the piston of the large cylinder can be made equal in both cases, the
pressure required to work the engine, per *e, being likewise the same in
both cases, then, evidently, the indicated power, and still more the net
power, will be obtained for the faster piston-speed and higher mean
total pressure with greater economy than the above 8.4888 per centum,
relatively to the indicated and net horse-powers with the slower speed
and lower mean total pressure.

The net horse-power, it will be remembered, is the only power devel-
oped by the engine which is commercially valuable; that is, it is the
only portion of the total power developed by the engine which does
work external to the cylinder. As regards comparison of cost of power
for practical purposes-for the objects of steam users-the cost of the
net horse-power is the correct data. But, for properly comparing the
entire work done by the steam-the absolute performance-which is
what scientific engineering requires, the heat cost of the total horse-
power must be employed, and from that the engineer deduces, with in-
telligence and complete command of the subject, the modifications due
to any given set of circumstances.

These experiments show, what indeed all comparative experiments
made with a given engine have shown, that the economic development
of the power in identically the same steam engine varies enormously
according to the conditions of its use. The conditions for maximum
economy vary also for different engines, according not only to type of en-
gine, but to dimensions of cylinder, thickness of its metal, back press-
ure against and initial pressure upon its cylinder, reciprocating speed
of piston, measure of expansion with which the steam is used, steam
superheating and steam jacketing, water trapping, distribution of the
pressures by the valve-gear, type of valve-gear, &c., so that deductions
accurate for one set of conditions with a given steam engine may not be
applicable for another set of conditions with the same engine, and still
less with other engines. Each case is a separate problem and requires a
distinct solution. And before a complete theory of the steam engine
can be formed, there must be obtained the results from a vast number
of experiments made on the same and on different engines with all pos-
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sible variations of attending circumstances. From such a collection of
experimental data, properly reduced and discussed, the broad general-
izations may be made which alone can be an infallible guide to what can
be economically obtained with steam used under given circumstances
in a given engine.

From the above may be inferred of how little value is the mere gab-
ble uttered by many superficial writers pretending to give accurate
numerical comparisons of the economy with which steam can be used
in different types of engines, of the most economical point of cutting off,
&c., and in the most general and absolute terms, not only without
specifying the limitations, but apparently ignorant that such limitations
exist.

RESISTANCE OF THE HULL.

Five of the experiments, namely, A, D, I, J, and L, Table No. 1, were
made to ascertain, among other facts, the powers expended to give the
vessel the different speeds in those experiments and to ascertain the
slip of the screw during the same. From the data of these experiments
the resistance of the hull can be determined. The vessel throughout
all the trials had, when at rest, sensibly the same draught of water and
trim; and if the resistance of the hull at the different speeds varied in
the ratio of the square of the speed, the slip of the screw would remain
constant or the same at all speeds, which would show that the hull was
properly modeled for the highest experimental speed, namely, a little
over 11 geographical miles per hour. By forcing the boiler a higher
speed could have been obtained, but the Herreshoff manufacturing com-
pany did not wish to exceed the limit for which the vessel had been de-
signed.

In the five experiments above referred to, the speed of the vessel and
the slip of the screw were as follows:
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8.32175 28.0000
I 9.97147 28.4304

10.50290 27.8688
10.73552 28.4324

J 11.05914 27.4101

From the above is apparent that the slip of the screw was not affected
by the variations in the vessel's speed, the experimental differences being
very trifling and due probably entirely to differences in wind and cur-
rent, which are not always exactly neutralized by running the vessel
over a base an equal number of times consecutively in opposite direc-
tions. From the equality of the slip of the screw, therefore, in the dif-
ferent experiments, the inference is warranted that the resistance of
the hull within the experimental limits was in the ratio of the square of
the speed. The mean experimental slip was 28.0283 per centum of the
axial speed of the screw, which will be taken as the true slip of the screw
with the vessel propelled in smooth water and uninfluenced by wind or
current.

Again, if the resistance of the hull be in the ratio of the square of its
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speed, then the net pressure upon the crank-pins of the engine during
the above five experiments, the slip of the screw being a constant per
centum in all, will also be in the ratio of the square of the speed. The
following table shows to what extent the experimental net pressures
(line 73, Table No. 1) correspond to this ratio, assuming the quantities
of Experiment I as unity:

The correspondence between Experiments I, D, and J may be called
exact. Experiment A is about as much on one side of exact corre-
spondence as Experiment L is on the other. The discrepancy is, more-
over, but slight, and might result from a very small error in the vessel's
speed-a factor which enters into the result by its duplicate ratio. The
sum of the column of the " squares of the vessel's speed, propQrtionally,"
is 5.1951; and of the column of "net pressures on the crank-pins of the
engine, proportionally," 5.1860; so the fact that the resistance of the
hull of the Siesta varied according to the square of its speed may be
considered as established within the experimental limits.

To give the vessel the speed of eleven geographical miles of 6,
086

feet per hour, the screw with the slip of 28.0 83 per centum must make
193.78563927 revolutions per minute; and to make this number of revo-
lutions, supposing the large cylinder alone of the engine to be used,
there must be a net pressure upon its piston of 28.75736 pounds per
square inch, deduced from the five experiments above referred to, as
follows, namely:
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Mean, or true net pressure for 193.7856S927 ilouhle
strokes per minute.

28. 75736
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The difference between the net pressure on the piston of the large
cylinder alone and the indicated pressure (difference between pressures
on lines 72 and 73 of Table Ko. 1) being 2.67516 pounds per square inch,
this latter, representing the pressure required to work the engine per se,
or unloaded, must be added to the above 28.75736 pounds net pressure to
give the indicated pressure 31.43252 pounds per square inch on the piston
of the large cylinder alone. From these pressures there will be obtained
for the 193.78565927 double strokes of piston per minute, calculated for
the large cylinder alone, 128.392744 net horses-power, and 140.336508
indicated horses-power, corresponding to the speed of eleven geographi-
cal miles per hour of the vessel.

To ascertain the resistance of the hull at the speed of eleven geograph-
cal miles per hour, it is necessary to find the portion of the above power
that was applied to the propulsion of the vessel, for which purpose the
distribution of the indicated horses-power will be calculated according
to the following assumptions:

Of the indicated horses-power a portion is expended in working the
engine per se, or the engine alone, independently of its load; and this
portion, which consists of the friction of the packings and moving parts
of the engine, including the screw shafting, mustbe firstdeducted, because |
no power can be applied to the screw or developed externally of the
engine until the friction of the engine itself is counterbalanced by an
equivalent pressure on the piston; in fact, until this pressure is exceeded
the engine cannot move. In the case of the engine of the " Siesta"
the pressure required to work it perse is taken at 2.67516 pounds per
square inch of the piston of the large cylinder alone.

After the deduction of the horses-power required to work the engine,
per se, from the indicated horses-power developed by the engine, the re-
mainder, called the net horses-power, is applied to the crank-pin, and
does work external to the engine. A friction attends the development
of the net horses-power, additional to that of the unloaded engine and
proportional to the net power, let thelatter be what it may. This friction
is that which is produced by the articulations of the engine moving
under the net pressure, and is quite independent of the friction due to
the mere weight of the moving parts and to the tightness of the pack-
ings. It is assumed to be 7.5 per centum of the net pressure or of the
net power.

Then, there are the horses-power expended in overcoming the resist-
ance of the water to the surface of the screw-blades; that is to say, in
overcoming the skin resistance experienced by the screw-blades during
their helical passage through the water. This resistance is taken to be
0.45 pound avoirdupois per square foot of helicoidal surface moving in
its helical path with a velocity of 10 feet per second, and for other veloci-
ties this 0.45 pound is modified in the ratio of their squares to the square
of 10. When the dimensions of the screw are known, and the number
of revolutions it makes per minute, the horses-power expended in over-
coming the surface resistance of its blades can be calculated by means
of the above data.

There still remain to be determined the portions of the net horses-
power expended in the slip of the screw and in the propulsion of the
vessel. These are ascertained as follows: The sum of the horses-power
expended in overcoming the friction of the load and in overcoming the
resistance of the water to the surface of the scraw-blades, being deducted
from the net horses-power, the remainder is divided between the horses-
power expended in the slip of the screw and in the propulsion of the
vessel in the ratio of the speeds of the two, the pressure exercised by the
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screw forward in propelling the vessel, and backward upon the receding
mass of water constituting the slip of the screw, being the same. Hence,
if the aforesaid remainder of power be multiplied by the speed of the
slip expressed in fractions of the axial speed of the screw, the product
will be the horses-power expended in the slip, which, being subtracted
from the above remainder, leaves the residue as the horses-power ex-
pended in the propulsion of the vessel.

The necessary calculations having been made in accordance with the
foregoing assumptions, give the following for the distribution of the in-
-dicated horses-power developed by the engine when the vessel is at the
speed of eleven geographical miles per hour:

Horses-
power.

Per centum
of the net

horses-power.

100.00

Indicated horses-power developed by the engine 140.336508
11.943764Horses-power expended in working the engine, per se

Net torses-power applied to the crank pins 128.392744

9.629456

11.055100
30.188774
77.519414

7.50

8.61
23.51
60.38

Horses-power expended in overcoming the resistance of the water to the
surface of the screw blades

Totals 128.392744 100.00

Thrust of the screw.-The thrust of the screw, as it would have

been measured by a dynamometer directly applied to the shaft during
the above performance, calculated from the data given therein and in
the distribution of the power, is as follows:

The horses-power expended in the propulsion of the vessel according
to the distribution of the power, being 77.519414, is equal to (77.519414 x
33000=) 2558140.662 foot pounds of work per minute; and the speed of
the vessel being 11 geographical miles per hour, is equal to

Q1 >60

086==3 1115,76666 feet per miimte >

hence the resistance of the vessel at that speed, or its equivalent the

thrust of the screw, is Q 2292.7201 pounds.
Determination of the power expended in overcoming the

RESISTANCE OF THE WATER TO THE IMMERSED EXTERNAL OR WET-

TED surface of the hull.-Taking the resistance of the water to
one square foot of the smooth wooden surface of the immersed exterior
of the vessel moving in it with the velocity of 10 feet per second, to be
0

.45 pound, and at other velocities to be this quantity modified in the
ratio of their squares to the square of 10, and deducing from the speed
of the vessel the mean speed of its immersed surface due to the inclina-
tion of its horizontal water-lines to its longitudinal central plane, there
results for that speed 18.29 feet per second, and, consequently, a sur-
tace resistance of (102: 0.45 :: 18.292:) 1.505358 pounds per square foot
moving with that velocity.

As the immersed external or wetted surface of the vessel during the
above performance was 1,438 square feet, the power expended in over-

1438 x 1.505358 x 18.29 X 60 \
7L986274

33000 y
horses-power; consequently, of the 77. 519414 horses-power required to

coming its resistance was
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propel the hull aloue at the experimental speed, Ql: 9=y
92.86225 per centum was expended in overcoming the resistance of the
wetted surface to the water, and the remaining 7.13775 per centum was
expended in the displacement of water by the immersed solid of the
hull, irrespective of the resistance of its immersed surface.

PERFORMANCE OF THE BOILER.

In the following table will be found the data and results of the ex-
periment made to ascertain the economic vaporization of water in the
boiler of the Siesta by anthracite consumed with natural draught.

The experiment was made with the vessel under way in Narragansett
Bay on the 22d of June, 1882, and comprised all the steaming done
during that day for the purpose of determining the economic perform-
ance of the engine under different conditions of steam pressure, expan -
sion, piston speed, &c. Each of these trials continued from about two
hours to three and a half hours, so that the boiler pressure, piston speed,
temperatures, &c., are the means for the entire day, from which the ex-
tremes differed considerably. The means are not for the time, but for
the weight of water vaporized during each of the short trials. The
observed data were noted every ten minutes.

The weight of water vaporized was measured as discharged by the
air-pump of the engine. For this purpose two tin tanks, both of exactly
the same form and dimensions, were securely placed in the vessel side
by side. Each tank had a narrow neck, above which was a funnel-shaped
mouth. The two necks were joined by an open cross-pipe. From the
bottom of each tank a pipe, with a stop-cock close to the tank, led to the
open-topped reservoir drained by the feed-pump of the engine. One
end of a flexible hose pipe was fitted to the closed top of the air-pump
chamber, and the other or free end discharged alternately first into one
tank and then iqto the other, the change being made instantly by an
attendant who closed with his hand the discharging end of the hose
while it was being shifted from the funnel mouth of one tank to that of
the other, the two mouths nearly touching. By this method not a drop
of water was lost during the change; as soon as one tank was filled the
discharging end of the hose pipe was shifted to the other, and the water
allowed to subside to the level of the bottom of the pipe joining the
necks of the two tanks, when the stop-cock was opened in the pipe con-
necting the bottom of that tank with the feed-water reservoir. As soon
as the tank was emptied, which required but a few seconds, this cock
was closed. The ends of the pipes discharging the tanks into the
reservoir were in open sight in order that the exhaustion of the tanks
might be apparent as soon as they were empty. The tanks were placed
above the reservoir so that the discharge was by gravity and very rapid.
As the time of emptying a tank was considerably less than that of filling
it, no inconvenience or uncertainty attended any of the operations.
Each tankful of water as soon as discharged was tallied by an attend-
ant who had no other duty to perform than this and the opening and
the closing of the cocks. The temperature of the feed water in the
tanks was noted from thermometers constantly immersed therein, and
the weight discharged corrected for it. In all calculations concerning
the vaporization of the feed water, its different specific heat at different
temperatures is included. Each tank contained 37.4 pounds of water
at the temperature of 64 degrees Fahrenheit, by accurate weighing.

The anthracite consumed was of rather less than fair merchantable
quality. Every pound of it, and of its refuse in ash, clinker, and dust,
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was carefully weighed, the refuse in the dry state, on a steelyard. No
particular pains was taken with the firing, which was left to the skill and
care of an ordinary fireman; nor had the heating surfaces of the boiler
been swept since several days' previous use.

At the commencement of the experiment the boiler was filled with
water and a fire was made in the furnace with pine wood whose weight
was not noted, and which was allowed to burn entirely out by the time
the steam had reached its normal pressure. A new fire was then kindled
with a weighed quantity of pine wood, upon which, as soon as it was
properly ignited, the anthracite was thrown. The engine was started
when enough anthracite was in combustion to maintain the steam press-
ure. Previously to the starting no steam was blown off at the safety-
valve. Duriog the day's experimenting the engine was not stopped,
not even when changing from one rate of speed to another, as when one
engine trial for economy was succeeded by another under different con-
ditions, but in such cases the succeeding experiment was made with as
little change in the rate of combustion as possible, and so sensitive was
the boiler with its small quantity of water that a slight closing of the
chimney damper was almost instantly followed by the required decrease
in the quantity of steam furnished, and vice versa ; thus, the entire heat
from the wood and anthracite consumed acted upon the weight of water
vaporized. At the close of the experiment the anthracite was burned
entirely out, the engine being kept in operation as long as it would move.
When it stopped for want of steam what remained in the furnace was
drawn, the small quantityofunconsumed anthracite picked out, weighed,
and deducted from the total quantity expended, and the remaining ref-
use of ash and clinker was weighed and noted as such.

As the fire in the boiler was lighted with wood, the heat from whose
combustion contributed to the vaporization of the water, it was neces-
sary to include the wood's thermal equivalent of anthracite in the quan-
tity of that coal consumed. The pound of dry pine wood burned in the
furnace of a boiler is known to give about four-tenths the vaporiza-
tion of a pound of the combustible portion of anthracite; that is, of a
pound of what remains of anthracite after deduction of-its refuse in ash,
clinker, soot, and dust. Consequently, in the table, four-tenths of the
total weight of the wood has been added to the total weight of the com-
bustible or gasifiable portion consumed of the anthracite. The per
centum of refuse in the anthracite having been obtained from the an-
thracite exclusive of the wood, was applied to the combustible inclusive
of the wood, and the new- weight of anthracite thus obtained is given
as the total weight consumed. By this method, the true per centum of
refuse is maintained in the new weight of anthracite.

The method of experimenting above described gives somewhat less
than the boiler's true economic vaporization, because at the beginning
and end of the experiments much too great a quantity of air in propor-
tion to combustible consumed entered the furnace, the rate ofcombustion

being then very slow, the fire very thin and restricted to portions of the
grate only, while the air openings were the same as for the whole grate
covered with a bed of incandescent coal. The same cause also makes
the rate of combustion and the rate of vaporization somewhat too small.

The steam was saturated, but no priming or foaming was at any time
observable.

The rate of combustion per hour per square foot of heating surface in
the boiler is given for both the exterior and the interior surface of the
coil pipe. Neither of these is the true expression, but of the two the
weight of fuel consumed per hour per square foot of the interior surface
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is much nearest the truth; and this applies also to the weight of water
vaporized per hour per square foot of heating surface, for which calcu-
lation the inner surface of the coil pipe should be employed. Although
the interior surface is in all cases-whether the hot gases of combustion
be inside the tube and the water outside, or the reverse-the least gate-
way through which the heat has to pass, and may therefore be consid-
ered the proper measure, yet the difference of area of the corresponding
surfaces between the inside and outside of the coil pipe or tube influ-
ences the difference of temperature of these sides, and thus influences
the rapidity with which the heat is transmitted from the fire side to the
water side. When the hot gases are on the outside and the water is on
the inside of the tube, measuring the efficiency of the heating surface
by the interior surface of the tube makes such surface appear more
efficient than in the case of the hot gases being on the inside and the
water on the outside of the tube.

The quantity of water experimentally vaporized has been reduced to
what would have been vaporized had the vaporization taken place under
the standard atmospheric pressure, and from temperatures of feed water
of 100 degrees and 212 degrees Fahrenheit. In these calculations allow-
ance has been made for the different total heats of steam of different

pressures, and for the different specific heats of water of different tem-
peratures.

The calculation is made by first ascertaining the number of Fahrenheit
units of heat-which call H-required to raise one pound of the feed-
water from its experimental temperature to the temperature of the water
in the boiler and to vaporize it under the experimental boiler pressure.
In other words

, H is the total heat in Fahrenheit units in one pound
weight of steam of the experimental boiler pressure above the experi-
mental temperature of the feed water. Then,

as the number of Fahren-
heit units of heat required to raise the temperature of a pound of water
at 100 degrees Fahrenheit to the boiler temperature when the pressure
is one atmosphere above zero, and to vaporize it under that pressure, is
965.7, the problem is simply to modify the experimental weight in pounds
of feed water in the ratio of 965.7 to fl. Similarly, for the assumed tem-
perature, 212 degrees Fahrenheit of feed water, and the assumed boiler
pressure of one atmosphere above zero, the number of Fahrenheit units
of heat required to be imparted to the pound of feed water is 1078.533:
the experimental number of pounds of feed water must therefore be
modified in the ratio of 1078.533 to H; to obtain the required weight from
212 degrees under the pressure of one atmosphere.

The weight of circulating water, or of superfluous feed water, driven
through the boiler, is obtained by calculation. The valve between the
boiler and the circulating pump was, during the experiment, kept wide
open, so that the boiler water had free access to the pump. The latter
is therefore assumed to deliver back into the boiler in bulk at each

stroke of the plunger 95 per centum of the space displacement of the
plunger per stroke. The pump being single acting, made one delivery
per double stroke of the engine pistons, so that the weight of circulat-
ing water given in the following table is the product of 95 per centum
of the space displacement of the plunger of the circulating pump in
cubic feet multiplied by the weight in pounds of the cubic foot of boiler
water, and again by the number of double strokes made by the engine
pistons.

The quantities in the table have been grouped for convenience of ex-
amination

, and they are so fully described on their respective lines that
no further explanation is needed.
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Date of experiment, Jnne 22, 1882.
TOTAL QUANTITIES.

Duration of the experiment in consecutive hours 10$
Total number of double strokes made by the steam pistols 107000.
Total number of pounds of anthracite consumed 2528.
Total number of pounds of refuse from the anthracite in ash and dust

334 pounds, in clinker 100 pounds 434.
Total number of pounds of combustible or gasifiable portion of the an-

thracite consumed 2094.
Per centum of the anthracite in refuse of ash, clinker, and dust 17.1677
Total number of pounds of pine wood consumed 160.
Total number of pounds of feed water pumped into the boiler 21057.
Total number of pounds of water circulating through the boiler addi-

tional to the feed water 59300.

Ratio of the circulating water to the feed water as 1.00000 2.81617
Total number of pounds of anthracite consumed, including its equiva-

lent of pine wood, estimating one pound of the latter as equal to 0.4
pound of anthracite combustible 2605.264

Total number of pounds of combustible consumed, including its equiva-
lent of pine wood, estimating one pound of the latter, as equal to 0.4
pounds of anthracite combustible 2158.000

.

PRESSURES.

Steam pressure in boiler in pounds per square inch above atmosphere .. 80.0
Steam pressure in boiler in pounds per square inch above zero 94.8
Height of the barometer in inches of mercury 30.16

TEMPERATURES.

Temperature, in degrees Fahrenheit, of the atmosphere 74.
Temperature, in degrees Fahrenheit, of the steam in the boiler 323.79
Temperature, in degrees Fahrenheit, of the feed water 84.
Temperature, in degrees Fahrenheit, of the fire-room 93.

RATE OP COMBUSTION.

Number of pounds of anthracite consumed per hour, including pine wood
equivalent 248.12038

Number of pounds of combustible consumed per hour, including pine
wood equivalent 205.52381

Number of pounds of anthracite consumed per hour per square foot of
grate surface 9.55515

Number of pounds of combustible consumed per hour per square foot of
grate surface 7.91475

Number of pounds of anthracite consumed per hour per square foot of
heating surface, calculated for the exterior surface of the coil pipe... 0.44486

Number of pounds of anthracite consumed per hour per square foot of
heating surface, calculated for the interior surface of the coil pipe... 0.55719

Number of pounds of combustible consumed per hour per square foot of
heating surface, calculated for the exterior surface of the coil pipe... 0.36849

Number of pounds of combustible consumed per hour per square foot of
heating surface, calculated for the interior surface ofthe coil pipe 0.46153

VAPORIZATION.

Total number of pounds ofwater that would have been vaporized in the
boiler had the feed water been supplied at the temperature of 100
degrees Fahrenheit and vaporized under the atmospheric pressure of
29.92 inches of mercury 22025.76319

Total number ofpounds ofwater that would have been vaporized in the
boiler had the feed water been supplied at the temperature of 212
degrees Fahrenheit and vaporized under the atmospheric pressure of
29.92 inches of mercury 24599.26732

Number of pounds of water vaporized from 100 degrees Fahrenheit by
one pound of anthracite 8.45433

Number of pounds ofwater vaporized from 100 degrees Fahrenheit by one
pound of combustible 10.20656

Number ofpounds ofwatervaporized from 212 degrees Fahrenheit by one
pound of anthracite 9.44214

Number of pounds of water vaporized from 212 degrees Fahrenheit by
one pounc1 of combustible 11.39910
Eespectfully submitted.

B
. F. ISHEEWOOD, ChiefEngineer.

Engineer-in-Chief Wm. H. Shook, United States Navy,
Chief of the Bureau of Steam Engineering, Navy Department.
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STEAM YACHT SIESTA.

Indicator diagrams, showing the distribution of the pressure in the different experiments.

Experiment A. Experiment C.
Small Cylinder. Small Cylinder.

1 inch.Scale, 80 fts. Scale, 60 lbs. = 1 inch.

Large Cylinder Large Cylinder.

Scale, 30 lbs. = 1 inch
.

Scale. 30 lbs. 1 inch.

1

Experiment D.Experiment B.
Small Cylinder.

Small Cylinder.

Scale, 80 lbs. = 1 inch.Scale, 60 lbs. 1 inch.

V

Large Cylinder.

Scale, 30 lbs. 1 inch.

Large Cylinder.

Scale, 30 lbs. 1 inch.
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Indicator diagramsj showing the diatrihution of the pressure, fc.-Continued.

Experiment B.
Small Cylinder.

Scale, 60 lbs. = 1 inch.

Experiment Q.

Small Cylinder.

Scale, 80 lbs.= 1 inch.

Larffe Cylinder.

Scale, 30 lbs. = 1 inch.
Large Cylinder.

Scale. 40 lbs. = 1 inch.

Experiment P. Experiment H
.

Small Cylinder. Small Cylinder.
Scale, 80 lbs. 1 inch.

Scale, 40 lbs. 1 inch.

Large Cylinder.
Large Cylinder.

Scale, 40 Ibe. = 1 inch.
Scale, 40 Iba. = 1 inch.
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Indicator diagram*, ahotoing the distribution of the pressure, #c,-Continued.

Experiment I.

SmaU Cylinder.

Scale, 80 lbs. = 1 inch.

Experiment K.

Small Cylinder.

Scale, 60 lbs. = 1 iuch.

I*r*e Cylinder. Oy r.

Scale, 30 lbs. 1 inch.Scale, 30 lbs. = 1 inch.

i

. Experiment J.

Small Cylinder.

Scale, 80 lbs. = 1 inch.

3

Experiment L.

SmaU Cylinder.

Scale, 80 lbs. = 1 inch.

Large Cylinder.

Scale, 30 lbs. = 1 inch.

Large Cylinder.

Scale, 30 lbs
. = 1 inch

.
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