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INTRODUCTORY NOTE.

Tins collection of tables for non-condensing engines and boilers, and also the explanations relating to

them including those which refer to Horse Power of Engines, and the Diagrams showing the quantity of
S5

ji

water required per horse power per hour for different degrees of expansion, was originally prepared at the

Novelty Iron Works, New York, as a basis for the manufacture and sale of engines.

The explanatory note relating to the Horse Power of Engines was prepared by Mr. Horatio Alien,

President of the Novelty Iron Works.

The explanations in regard to the tables of engines and boilers were prepared by Mr. C. E. Emery,

who made, for the Novelty Iron Works, the valuable experiments which formed the basis of the tables.

The description of the manner in which the experiments were conducted is given by Mr. Emery, in a

note accompanying the diagrams ;
and the computations of the tables were also made by him.

It was intended to publish the results of the experiments and the resulting tables in connection with

the sale of engines, but the resolution of the proprietors of the Novelty Iron Works to close the works, made

it necessary to withhold the matter from publication, notwithstanding it had been put into printed form.

Believing that the information obtained and set forth in a manner so readily comprehended and

applicable, may be valuable for reference Jp all who wish to manufacture or employ the non-condensing steam

engine, I procured the matter already printed, with a view of publishing it in the form in which it is here

presented.

This explanation is rendered necessary on account of the references to the Novelty Iron Works which

occur in the headings, and in other parts of the text.

I have added notes and tables on the horse powers of boilers, and on boiler-explosions and safety

valves, subjects connected practically with the manufacture and management of boilers, but which were not

included in the original design of the publication by the Novelty Iron Works.

The practical value of this extended list of engines and boilers to those who wish to purchase or

manufacture engines for special purposes consists in this, that for a range of 5 to 300 horse power, a choice

is offered of various dimensions of engines, speeds of revolution and pressures of steam
;
and for each engine

in the list, the quantity of water, or steam, per hour which this engine will require is given. The list of

boilers, on the other hand, furnishes the means of selecting the boiler or boilers of the principal types

necessary to produce this steam.

Moreover, the diagrams showing the expenditure of steam or water per horse power per hour, for any

degree of expansion in any particular engine with a given pressure, furnish a ready means of comparing

the performance of such engine with a perfect standard.

The question of the limit of economy of expansion is here thoroughly and practically settled;- and

the results, as was to be anticipated, confirm the deductions of theory.

The tables possess, therefore, a special interest, not only in their practical applications,
but also in

connection with corresponding theoretical deductions.

W. P. TROWBKIDG-E,

Professor of Dynamic Engineering.

SHEFIELD SCIENTIFIC SCHOOL, YALE COLLEGE, APRIL 5, 1872.





'HE power which a Steam Engine can furnish is generally expressed in "Horse Power." It will

'therefore be of interest to most purchasers, and of special value to many, to have briefly stated,

what is meant by a " Horse Power," and how it has happened that the power of a Steam Engine

is thus expressed in reference to that of Horses.

Prior to the introduction of the Steam Engine, horses were very generally used to furnish

power to perform various kinds of work, and especially the work of pumping water out of mines,

raising coal, etc. For such purposes several horses working together were required. Thus, to work

the pumps of a certain mine, five, six, seven or some other number of horses were found necessary.

When it was proposed to substitute the new power of steam, the proposal naturally took the form of

furnishing a Steam Engine capable of doing the work of the number of horses used at the same time.

Hence, naturally followed the usage of stating the number of horses which a particular engine was

equal to, that is, its
" Horse Power."

But as the two powers were only alike in their equal capacity to do the same work it became

necessary"to refer in both powers to some work of a similar character which could be made the basis of

comparison. Of this character was the work of raising a weight perpendicularly.

A certain number of horses could raise a certain weight, as of coal, out of a coal mine, at a

certain speed ;
a Steam Engine, of certain dimensions and supply of steam, could raise the same

weight at the same speed. Thus, the weight raised at a known speed could be made the common

measure of the two powers. To use this common measure it was necessary to know what was the

power of one horse in raising a weight at a known speed.

By observation and experiment it was ascertained that, referring to the average of horses, the

most advantageous speed for work was at the rate of two-and-a-half miles per hour that, at that rate,

he could work eight hours per day raising, perpendicularly, from 100 to 150 ft>s.
.
The higher of these

weights was taken by Watt, that is, 150 fibs, at 2 miles per hour. But this fact can be expressed in

another form: 2| miles per hour is 220 feet per minute
(

2

-^^ =
220). So, the power of a horse was

taken at 150 fts., raised perpendicularly, at the rate of 220 feet per minute. This also can be expressed

in another form : The same power which will raise 150 ft>s. 220 feet high each minute, will raise

300 ft>s. 110 feet high each minute.

3,000 fts. 11 "

33,000 fts. 1 " "

For in each case the total work done is the same, viz. : same number of pounds raised one foot in

one minute.

If it is clearly perceived that 33,000 ft>s., raised at the rate of one foot high in a minute, is the

equivalent of 150 fts., at the rate of 220 feet per minute (or 2| miles per hour), it will be fully

understood how it is that 33,000 fibs., raised at the rate of one foot per minute expresses the power of

one horse, and has been taken as the standard measure of power.



Horse Power of Steam Engines.

It has thus happened that the mode of designating the power of a Steam Engine has been by

"Horse Power," and that one horse power, expressed in pounds raised, is a power that raises 33,0(

one foot each minute. This unit of power is now universally received. Having a Horse Power

expressed in pounds raised, it was easy to state the power of a Steam Engine in Horse Power, which

was done in the following manner:

The force with which steam acts is usually expressed in its pressure in pounds on each square

inch. The Piston of a High Pressure Steam Engine is under the action of the pressure of steam from

the boiler, on one side of the piston, and of the back action of the pressure due to the discharging

steam, on the other side. The difference between the two pressures is the effective pressure on the

piston, and the power developed by the motion of the piston, under this pressure, will be according to

the number of square inches acted on, and the speed per minute with which the piston is assumed to

move. Thus, let the number of square inches in surface of piston of a steam engine be 100, and the

effective pressure on each square inch be 33 fts., and the movement of piston be at the rate of 200 feet

per minute, then the total effective pressure on the piston will be 100 x 33 = 3,300 ft>s., and the

movement being 200 feet per minute, the piston will move with a power equal to raising 660,000 ft>s.,

one foot high each minute (as 3,300 x 200 is 660,000), and as each 33,000 ft>s., raised one foot high, is one

horse power and "g^/W is 20, then the power of this Engine is 20 Horse Power. If this power is used

to do work, a part of it will be expended in overcoming the friction of the parts of the engine and of

the machinery through which the power is transmitted to perform the work. The calculation made

refers to the total power developed by the movement of the piston under the pressure of steam.

The number of feet moved by the piston each minute is known from the length of stroke of

piston in feet, and number of revolutions of engine per minute, there being two strokes of the piston

for each revolution of the engine. "When these three facts are known the power of an engine can be

readily and accurately ascertained, and it is evident that, without the knowledge of each of the facts,

viz. : square inches of piston, effective pressure on each square inch, and movement of piston per

minute, the power cannot be known.

But circumstances, especially those existing when the Condensing Engine was introduced by
Watt, led to assumptions as to pressure per square inch and speed of piston, which, though true at the

time, have long since ceased to be true, and consequently the rules based on such assumptions are

entirely inapplicable, and when used must of necessity give false statements. As, however, such rules

are still in use, although with the precautionary and unsatisfactory designation of nominal power, it is

necessary to state what Nominal Horse Power is. In the United States the designation of Nominal
Horse Power for Condensing Engines is seldom used, but in England the usage still prevails.

After Watt had introduced the Condensing Engine, he gave convenient rules for determining the

power of his engines, and as, at that time, the steam pressure and piston speed in general use were
very low, his rule was based on the assumption that, in all steam engines, the effective pressure was
7 fts. per square inch, and that the speed of the piston -varied with the length of stroke from 160 feet

per minute for 2 feet stroke to 256 feet per minute for 8 feet stroke. The only facts necessary to obtain
were the diameter of cylinder and length of stroke. The nominal power was then determined by
Watts' rule, which is as follows :

RULE. Multiply the square of the diameter of the cylinder in inches by the cube root of the stroke in feet,
and divide the product by 47. The quotient is the nominal horse power of the Engine.

For many years, and especially in the United States, this rule has ceased to be of any value,
becomes plainly the case when, instead of 7 fts. per square inch, the pressure actually used

greatly exceeds 7, being from 20 to 50 and over, while the speed of piston is often from 400 to 700 feet
per minute.



Horse Power of Steam Engines, etc.

Some modifications of 4his rule have been made, but it is plain that when the pressure of steam

and speed of piston are so various as at present it is simply not possible to have a general rule. If it

becomes necessary to state the power of an engine, then the three facts named above, viz. : number of

square inches of piston, effective pressure per square inch per stroke of piston, and speed of piston must

be known or assumed, and when known or assumed the Horse Power can in that case be ascertained,

as explained above.

In the United States, it is still usual to assign a certain Horse Power, often called " Rated Horse

Power," for High Pressure Engines of certain dimensions, thus a cylinder of 12 inches diameter, 3 feet

stroke is often called 20 horse power, and so of other dimensions.

The considerations already presented show that it is plainly impossible to say what horse power

a 12 inch diameter, 3 feet stroke cylinder is, unless there is also stated what effective pressure on the

piston, and speed of piston are to be used.

At what steam pressure that Engine will be used, and with what speed of piston run, remains to

be decided, and until they are decided nothing can be said as to the power of the Engine. As it would

not be safe to subject the Engine to higher steam than that for which it was built, nor to run it at

higher speed than it is known its moving surface, in contact will bear, the maximum capacity of an

Engine can be stated, within which the power of that Engine will be determined by the pressure and

speed actually used.

The tables commencing at page 7 show " The sizes of the Non- Condensing, Stationary Steam Engines,

built at the Novelty Iron Works, New York ; and the devolutions, Steam Pressures and Points of Cut-off which

will produce the several Horse Powers named ; also the Amount of Water used per Hour and Cost of the Power

per Year, for each case."

Non- Condensing Engines, or, as they are often incorrectly called, High Pressure Engines, are those

in which the steam, after its action on the piston, is permitted to escape into the atmosphere, and in

which, therefore, the pressure of the outgoing steam must exceed the atmospheric pressure of fifteen

pounds to the square inch.

There are two kinds of Horse Power referred to in the tables, viz. : The Indicated Horse Power

and the Net Horse Power. The Indicated Horse Power is obtained by multiplying together the mean

effective pressure in the cylinder, in pounds per square inch, the area of the piston in square inches,

and the speed of piston, in feet per minute, and dividing the product by 33,000 ;
and as the effective

pressure on the piston is measured by an instrument called the Indicator, the power calculated

therefrom is called the Indicated Horse Power. The Net Horse Power is the power available for useful

work, and may be determined by subtracting, from the Indicated Horse Power, the power required to

overcome the friction of the engine, when in the performance of its regular duty. For instance, if a



6 Explanation of the Tables.

person desires an engine to drive ten machines, each requiring ten Horse Power, the engine should be

of sufficient size to furnish one hundred Net Horse Power; but to produce this would require about

one hundred and fifteen Indicated Horse Power.

We manufacture two classes of engines, designated in the tables as "Long Stroke Engines" and

"Short Stroke Engines." These engines, as suggested by their names, have different proportions of

stroke to diameter, and the shorter strokes are made with increased size of brasses and other

modifications of detail which fit them for high speeds.

Column A of the tables shows the "Net Horse Power" which has been calculated for the various

powers usually required between 5 and 350 Horse Power. Each Horse Power can be obtained in a

variety of ways, shown by the adjacent columns. The Net Horse Powers shown in the tables were

obtained from the estimated Indicated Horse Powers, by deducting liberal allowances for friction. In

the calculations, it was assumed that the short stroke engines have more friction than the long stroke.

Column B shows the "Steam Pressures" above the atmosphere assumed for each case. The

calculations have been made for pressures of 60, 80 and 100 fibs., as being those in most general use, in

non-condensing engines.

Column c shows the "Point of Cut-off" for each case. The table gives the results when the steam

is cut off at I, | and f of the stroke from the beginning, which means that the full pressure of the

steam has been allowed to act on the piston during , $ or f of the stroke, and that the remainder of

the stroke, in each case, has been completed by the expansion of the steam.

Column D, in each class of engine, shows the "Size and Designation" of the engine. For

instance, the expression 5 x 12 means that the piston is five inches in diameter and twelve inches stroke,

and that the engine is designated or called a "5 by 12 Engine," instead of a five Horse Power

Engine, for reasons before stated.

Column E shows, for each class of engine, the " Revolutions per Minute" at which the several

engines must be run, in order to produce the Net Horse Powers named, at the steam pressures and

points of cut-off shown.

Columns F and F show the number of pounds of " Water" evaporated into steam, required

"per Indicated Horse Power per hour" for each case. The facts were obtained from experiments which

are hereinafter explained and illustrated. This column shows the comparative economy of the different

methods of producing the power, and from it may readily be calculated the amount of coal required

per Indicated Horse Power per hour.

Columns G and G show the " Total Amount of Water per hour," in pounds, necessary to be

evaporated to produce the Net Horse Power named. The results are calculated from the quantities in

line F, due allowance being made for the difference between the Indicated and Net Horse Power.
This column shows the evaporative power of the boiler required for each case.

Columns H and i show, for each class of engine, the " Cost per Year of the Net Horse Power
named." Column H shows the cost of the coal for one year, on the supposition that the engine runs
ten hours per day, for 300 days in the year; that the coal, including cost of handling, etc., costs $8.00
per ton of 2,000 fts., and that each pound of coal evaporates eight pounds of water. Variations may
be made, by simple calculations, when the price of coal or the evaporation differs from the assumption.
The quantities in column i were obtained by adding to the cost of the coal, in each case, the interest at
ten per cent, on the estimated cost of the engine. This column shows, then, the total cost of the

power per year for fuel and interest.



Explanation of tlie Tables. 6*

These tables and diagrams are based chiefly on experiments made for the Novelty Iron Works, under

the direction of Mr. Charles E. Emery, formerly of the U. S. Naval Engineers, with machinery constructed

especially for the purpose. Confirmatory results were, however, derived from the previous practice of that

and other establishments, and from experiments made for the U. S. Navy, and under Government

Commissioners. It had been shown conclusively that the attempt to make a complete series of experiments,

under the many changes of condition necessary to a complete investigation, with large engines involved an

incredible amount of labor and expense, and would occupy a period of time almost prescriptive. It was

found however, that by exercising care in the construction and operation of a small engine the results would

show the laws applicable to engines of all sizes, and the apparatus could be at all times under the direction of

the same persons, and thus secure great uniformity of observation.

The steam cylinder of the engine constructed for the experiments referred to herein was eight inches

in diameter, and had eight inches stroke of piston. The power was applied to give motion to a large fan-

blower the 'speed of the engine being regulated by a gate in the discharge orifice of the blower. Steam was

supplied from a locomotive boiler with a high steam drum, and the steam pipes and cylinders were carefully

fitted The bed plate of the cylinder formed a surface condenser, to which was connected an efficient air-

pump operated from the engine crosshead. The cylinder ports were of ample area, and the cut-off was

performed by plates having a 9-inch movement over the back of the main valve. The Power was measured

with a Richards' Steam Engine Indicator, used in connection with a clock and engine register.

The cost of the Power was ascertained by weighing the amount of water (condensed steam) delivered

from the air pump. The valves and piston of the engine were by good workmanship and extended operation

made perfectly ti-ht, under the maximum pressure used, and examinations were frequently made to prevent

the possibility
of steam or water leaks. During the experiments herein referred to air was let into the

condenser to destroy the vacuum.

Durino- each experiment the steam pressure and revolutions were kept exactly uniform,

experiment was started with everything in average working condition the engine register being thrown in

gear and the vessel, to receive the water from the hot well, pushed under the delivery of the latter

simultaneously, at an even minute, as shown by the second-hand of the clock. Exactly at the end of every

hour, to the second, the position of the engine register was noted, the water vessels shifted, and the one

removed weighed on a platform scale.

This method of working insured such remarkable correspondence in the results that it was

possible to reduce the duration of many of the experiments to a single hour each. After each experiment

some condition -for instance, the point of cut-off-was slightly changed, and another experiment started

immediately after This operation was continued, and the power and its cost calculated for each instance,

when the results were dotted in proper position on a ruled sheet, and with the points as a guide, curves were

drawn similar to those shown on page 23. In this way the modification of result due to changing the three

first conditions mentioned on page 24 were obtained, viz, 1st, "The steam pressure;' 2d,< The amount of

mansion-" and 3d, "The speed of revolution." The modification due to-4th- < The size of cylinders,

was approximated by comparing the results with those obtained from larger engines operated under similar

conditions The experimental results were checked again by calculating theoretical curves similar to G and

H pa^e 23 for each steam pressure, in which all the conditions, including an allowance for the condensation

due to the mechanical work done, were taken into consideration. All the results are in harmony, and

a reliable basis for the information herein contained.

The tables are not designed to show the maximum result possible under the conditions named, b

such as should be expected in ordinary good practice.

The proper size of boiler of either of the different types mentioned required to evaporate a given

quantity of water was determined in t\e different ways by different individuals-one collating the previous

practice of the Novelty Iron Works and other establishments ;
the other comparing numerous experiments

the subiect The results agreed in a most satisfactory manner. The tables on this subject were, however

calculated with considerable allowance for difference in condition, fuel, and management; the necessity c

which allowance will be appreciated by the practical engineer.
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p
gWlAGKAM No. 1 is intended to show, by inspection, the number of pounds of water

Sf required per hour for one Indicated Horse Power, at different steam pressures and points
^ of cut-off.

In this Diagram the vertical lines drawn through .0, .20, .30, etc., show the proportion of

stroke at which it is assumed that the steam is cut-off, in various cases the figures expressing

decimally that proportion.

The horizontal lines drawn through 70, 60, 50, etc., show the number of pounds of water

required per hour for one Indicated Horse Power.

The curved lines A, B, C, D and E refer respectively to the steam pressures named :

The curve A being the line for pressure of 25 fts.

u "D " " 40 "

O " " " 60 "

D " 80 "

E " " " 100 "

To find from Diagram No. 1 the number of pounds of water per Indicated Horse Power per

hour at a pressure of steam and proportion of cut-off named, suppose the pressure to be 60 ft>s.

and proportion of cut-off .30 :

Find the intersection of the vertical line passing through .30 with the curved line representing

60 fibs, steam pressure. It will be seen that a horizontal line drawn through this intersecting point

will pass through 41, in the vertical line showing pounds of water, showing that, for a steam

pressure of 60 ft>s., with proportion of cut-off .30, the pounds of water per Indicated Horse Power

per hour is 41.

It will be seen, on examination, that the point of cut-off, most economical in water, varies with

the pressure of steam.

When the cylinder exceeds one cubic foot capacity, the pounds of water will be somewhat

less than is shown by the Diagram.
The lowest point of each curve shows the least number of pounds of water and the most

economical point of cut-off for each steam pressure.

The curves A, B, (3, D and E have been obtained from a large number of experiments made

with a small engine, the experiments with each pressure furnishing a series of points through

which a curve was drawn.

In Diagram No. 2 the curves D and F are presented to show the difference in pounds of water

when the cylinder is less than one cubic foot capacity, and when the cylinder is greater than ten

cubic feet capacity ;
a steam pressure of 80 fts. being used in both cases. The curves H and G are

presented to show the number of pounds of water which would be required by calculation according

to Mariotte's law and the well-known tables of specific volumes. Curve H being the theoretical

curve where there are no clearances and the curve G the corresponding curve when the capacity

of clearances and ports equals one-twentieth of the piston development.



Explanation of Diagrams.

There are four conditions which influence the economy of a non-condensing steam engine,
viz: 1st The steam pressure; 2d The amount of expansion; 3d The speed of revolution, and 4th The

size of the cylinder. The relative and actual value of each of these has been determined by careful

experiment. By combining together the facts thus obtained, the cost of the Indicated Horse Power
has been ascertained in pounds of water per hour for any desired steam pressure, point of cut-off,

speed of revolution or size of engine. Such results, for the regular sizes of the engines manufactured
at The Novelty Iron Works, are presented in the tables on page 7 et seq., in columns F and F, headed
Water per Indicated Horse Power per hour." The tables are particularly useful in showing the

exact value of several of the methods of producing economy of steam.

The economy, due to an increase in the size of the engine, is shown in the tables by comparing
different horse ^powers, produced under like conditions, and necessarily, therefore, in different sized

engines. It will be found, however, by selecting any particular horse power, that the highest steam

pressures and revolutions and shortest points of cut-off mentioned are those which show the greatest

economy of steam. When these three conditions are all favorable, at the same time, the maximum
economy is obtained, but when one or more only is favorable, the results are so modified as often to

appear contradictory. For instance, the short stroke engines are, in all cases, a little more economical
than the corresponding long strokes, and the small engines of each class are more economical than
the large ones, in all cases where the steam pressures, points of cut-off and power developed
are the same

; for, although the smaller engine, at the same speed, would be less economical, at
the higher speeds, necessary' to produce the same power, the gain, due to the high speed, overbalances
the loss due to the smaller size of cylinder, as is shown all through the tables.

Selecting for more particular comparison, 60 Horse Power, on page 12, we find that using a
team pressure of 60 fts. cut-off at one-quarter of the stroke, in a 17x42 engine, running 49

revolutions, the cost of the Indicated Horse Power is 33.9 fts. of water per hour; while by using
steam pressure, cut off at one-half of the stroke, in a 10 x 24 engine, running 94 revolutions

31.6 fts. of water per hour. So likewise, the same power can be obtained in a
engine, at 102 revolutions, using 100 fts. steam pressure, cut off at three-quarters of the stroke

more economically than it can in a 14x36 engine at 55 revolutions, using 60 fts. steam pressure]
it one-half of the stroke. In these cases, the higher steam pressure and revolutions overbalance

J losses due to the less expansion and smaller engine.
J and K (No 3) are Indicator Diagrams, which are intended to show the comparative value

regulating speed by the throttle or by the cut-off. The diagrams are of the same area and
engine. The pressure in the steam pipe was 80 fts

Diagram J was taken with the throttle partially closed and the steam cut off in the cylinder
lap of the mam valve, at seven-eighths of the stroke

Wlth the ^ CUt ff -

b nT 7 Wt te ^T CUt ff Ut ne -f urth f the 8troke
' *y - independenten usual to compare such diagrams by assuming that there is used, in each case" 11 f ter- ce



TENETCKJtY,

HE engraving represents one of the Non-Condensing Stationary Steam Engines built at The

'Novelty Iron Works, New York.

The bed-plate of the engine is of the style introduced many years ago by The Novelty Iron

Works, and has since been extensively copied by other manufacturers. It may be described as a

strong cast-iron box, one end of which is so constructed as to form a cylinder head and the other a

pillow block for the main shaft. The main slides also form part of the same casting as do also

the strong legs and broad feet upon which the frame is supported. This bed-plate has the advantages
that the metal is disposed directly in the line of the strains, and neither the cylinder, main slides

or pillow block can work loose or get out of proper adjustment. The legs upon which the

frame rests are put under the slides and under the shaft, which is an additional security against any

springing of the frame from the oblique strains brought to bear at these points by the connecting rod

and crank. The cylinder being attached at only one end to the bed-plate is free to expand when heated

without any alteration of shape the outer end simply sliding over a small stationary standard which
carries part of the weight.

The steam is admitted to and from the cylinder by a plain slide valve, so arranged that the

cylinder ports are very short and direct, and the amount of steam required to fill the clearance and port
is much less than in any other arrangement in use.



26 Non-Condensing Stationary Steam Engine.

The cut-off consists of two plates sliding on the back of the main valve and operated by a separate

eccentric. This cut-off is either set at a fixed point, in the usual way, or made so that it can be adjusted

by hand, from zero to seven-eighths stroke, by simply turning the cut-off valve stem; Preferably,

however, the adjustment is made by the governor through a simple arrangement which we will

try and make understood without illustrations. The cut-off is varied by drawing together or

spreading apart the cut-off plates. To accomplish this by the governor, the plates are operated by

separate rods which pass outside the chest and connect to the ends of a small double-ended vertical

lever, the center of which receives motion from the cut-off' eccentric. The double-ended lever has

attached to it a horizontal arm, which is operated to adjust the plates by a vertical movement derived

from an adjusting screw on the governor.
The governor is driven by gear in the simple manner shown, so as to be reliable in its action,

and is what is ordinarily called a " mill governor." The governor balls have a very slight movement,
which simply causes a disk on the adjusting screw mentioned to be clutched to the wheels operating
the governor in such a manner that the screw is turned in one direction by the engine when the

balls rise, and in the other direction when the balls fall thereby adjusting the cut-off' plates, by the

power of the engine, the instant the speed changes. The screw stops when the proper speed
is restored, and the cut-off plates are held by it, in a fixed position, until a further change of speed
takes place.

The advantages of this form of governor cut-off' are, that it is simple in construction, positive
and reliable in its operation, and, unlike any common governor, gives exactly the same speed
throughout the full range of power and steam pressure.



Powers.

'HE tables on page 7 et seq., show conclusively that any particular horse power can be obtained
'in a variety of ways in either of a large number of engines of different sizes. All the cases
are entirely practical if the engines are especially designed to operate under the conditions

stated, but there are few instances in which it would be desirable to use the extremes mentioned.
The proper size of an engine, and the conditions under which it is to be run, must be determined

by the requirements of each particular case.

One great difficulty in fixing the proper size of an engine is to know what power is actually

required by the purchaser. 'Too often this is underrated, whence for safety manufacturers have
been in the habit of furnishing an engine large enough for all contingencies, and therefore, in

many cases, too large to do the work economically. "We believe that, with the complete guide
as to power furnished by our tables, it is safe to select engines properly proportioned for the

work they are expected to perform. For ordinary practice we recommend that the selection be

made by the following table :

T A.
SHOWING

RECOMMENDED SIZES OF ENGINES FOE GIVEN HOESE POWEES.

SIZES OP
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The engines in the foregoing table are of sufficient size to furnish the net horse powers named

when using 80 flbs. of steam, cut off at one-fourth of the stroke
;
and the same power may be obtained

in*the same engine, with greater economy, by increasing the steam pressure and shortening the point

of cut-off, and with less economy by reducing the steam pressure and following farther in the stroke,

In cases when there is any uncertainty as to the amount of power that will be required, or when it is

desired to have an engine that will do its work with very little attention, it is best to select for the

given power an engine one size larger than is set opposite that power in the above table.



tables on page 7, et seq., giving dimensions, &c., of the engines which will furnish a desired

;

horse power, state in columns a and G the number of pounds of water required to be evaporated

- to produce that horse power. That evaporation can be provided by boilers of various kinds and

proportion of parts. Local and other considerations often decide the kind of boiler. In, order, therefore,

to afford the opportunity of selecting the boiler that shall be of adequate evaporative power, and be of

the kind preferred, a table is given at the close of this article, of the four kinds of boilers most generally

in use
; giving, for various dimensions of each kind, the evaporative capacity of each boiler.

In this table the proportion of parts are those most generally in use, which are not always those

that will give the greatest evaporation per pound of coal. Thus a cylinder boiler 18 inches in diameter

and 18 feet long will evaporate about 7 Bbs. of water per pound of coal, but if made 36 feet long it will

evaporate fully 8 ft>s. per pound of coal.

The amount of water evaporated per pound of coal under favorable conditions by each <

three kinds of boilers when proportioned as in our table, has been ascertained by careful experiment

and is given below :

NAME OF BOILER.
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For example, if a person select for 100 horse power, an engine 17 inches diameter, 42 inches

stroke, to run at 57 revolutions per minute, and use 80 pounds of steam cut off at
,
the total quantity

of water required per hour would equal 3,488 fts. No single boiler in the list will evaporate this

quantity, but it may be obtained by using

2 Cylinder Tubular Boilers of 55 inches diameter, or

3 " "

2 " Flue

3 ' " "

4 Plain Cylinder
5 " "

47

56

44

36

33

As a general rule it is true economy to select a boiler a little larger than is required. The

variations from the table in either direction should not amount to more than 10 per cent. The amount
of water evaporated by either of the plain cylinder boilers may be varied, within large limits, by altering
the length of the boiler. If the grate surface and height of bridge walls be proportionately altered the

economy will nyt be sensibly influenced. The cylinder flue and cylinder tubular boilers may be

shortened to reduce the heating surface, and will evaporate a quantit}
r of water fully proportioned to the

reduced length, but at a small sacrifice of economy.
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The above boilers are, if desired, furnished complete, with Cast Iron Fronts and Doors, Grate
Bars and Bearers, Buckstaves and Bolts, Cast and Wrought Iron Pipe, Safety, Feed and Stop Valves

age Cocks Water Guages and all other fixtures necessary in setting boilers. Complete plans are
also furnished of the foundation and brickwork.

For sizes and evaporating power of the above boilers, see previous pageSee also the article headed "Boilers," on page 29.



(The following remarks on Horse Power of Boilers, Boiler Explosions, &c.
,
are from a paper read before the Connecticut Academy of

Sciences, by W. P. TROWBKIDOE.)

The term " Horse Power," in its application to boilers, has heretofore been no less indefinite than the

same term in its application to the engine. It has been customary to fix upon some unit of heating surface

as the unit of the horse power of the boiler. The boiler is supposed to furnish a definite amount of steam at

the working pressure employed, this amount depending on the heating surface
;
and the utilization of all this

steam, under the most favorable conditions, would thus furnish, through the medium of an engine, a certain

rate of work, or a certain Horse Power. An inspection of the preceding tables of engines is sufficient,

however, to show that the same quantity of water evaporated by a boiler will effect different quantities of

work in the same engine, or in different engines, under various conditions of working ;
these conditions being

the pressure, the degree of expansion, and the speed of the piston. The rate of work of the boiler thus

depends entirely on the engine ;
and the term " Horse Power," as usually applied, has no very definite

signification. The effective power of a given boiler-apparatus, including the chimney, or power for producing

the draft, may, perhaps, be estimated by supposing all the steam which such a boiler can produce at a given

pressure, to be utilized under the most favorable circumstances conceivable in practice. But it is still

apparent that the power of the boiler is dependent upon the most favorable utilization of the steam.

A more definite and positive mode of determining the true theoretical or disposable Horse Power of

boilers may be derived from the investigations of Prof. Zeuner, Director of the Mining School at Freiberg, in

his work on " The Mechanical Theory of Heat." This new method gives the maximum disposable rate of work,

without reference to the engine ;
and hence, when an engine is using all the steam a boiler can produce, the

boiler Horse Power may furnish a standard for the economy of the engine.

The method depends on the following considerations :

If we suppose the whole work of the boiler to be expended in producing a flow of steam through a

small orifice, the velocity of the issuing steam is independent, of the diameter of the orifice, and dependent only

on the pressure ;
but the quantity of steam which flows through in pounds, will, of course, depend on the

diameter of the orifice
;
and if the size of the orifice be just sufficient to allow all the steam to escape which

the boiler can produce, the quantity which flows through in pounds, in each second, will be just equal to the

amount which the boiler will produce in a second. The work of the boiler each second will be expended in

imparting to this quantity of water, or steam, the velocity with which it issues from the orifice, and will

be equal to the LIVING FORCE of the mass in motion with the issuing velocity.

If M be the quantity of water evaporated in pounds, Y the issuing velocity in feet per second, this

living force will be
V3

M T^T
The work expended to produce the velocity V, in the mass M, may be represented by a constant force

V2

acting through a given height, P h == M
2 ;

P. h. being represented in foot pounds. For the work

Y2

performed by the boiler in one minute we have 60 x P. h. = 60
M.-JJ-

- and ^ we represent by M1 the

weight of water, in pounds, evaporated and forced out of the orifice in one minute, we have M1 = 60 M.

and 60, P. h. = M1^-
60. P M1 Y2

If we suppose h to be one foot, and divide by 33.000, we have 33^09
=-

2 33.000
~

'
~

number of horse power of the boiler.
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This new expression for the disposable power of boilers was deduced incidentally by Prof. Zeuner as the

disposable power of the steam after it enters the cylinder of the engine, and he found its equivalent in an

expression previously determined for the living force of the steam issuing at a high velocity into the

atmosphere through a small orifice.

The value of this rule consists in the facility with which it may be employed, its absolute correctness,

and the readiness with which the performance of an engine which utilizes all the steam produced by a given

boiler may be compared with a perfect working engine, the standard being from 50 to 60 per cent, of the horse

power of the boiler. A higher efficiency than 60 per cent, cannot probably be looked for in practice with a

high-pressure engine, as at present constructed. A perfect working engine may also, conversely, be an

approximate test for the economic performance of a given boiler.

According to determinations of Prof. Zeuner, based exclusively on the dynamic theory of heat applied to

the problem of the efficiency of ordinary high-pressure engines, the utmost efficiency possible, under the most

favorable conditions of expansion, is from 50 to 60 per cent, of this theoretical power ;
the 40 to 50 per cent.

loss being inherent in the nature of the engine, which no improvement can greatly alter.

The following test of this theoretical law, and of the new rule for the disposable power of boilers, is

derived from the preceding tables of engines. Taking, for comparison, engines working under steam at 80

pounds pressure, cutting off at of the stroke, and making 60 revolutions a minute, we find for engines of

10, 20, 30, 40, &c., horse powers the quantity of water required per minute from the tables, which are based

on actual experiments. These quantities are introduced in the following table in the first column; the

second column showing the disposable horse powers of the boilers which produce exactly those quantities of

steam
;
the third column shows the actual horse powers corresponding for the steam which enters the cylinder,

according to Mr. Emery's experiments. The efficiency of the smaller engines is placed at 53 per cent., and

of the larger at 60 per cent., the intermediate powers ranging from 53 to 60.

If in each case we have a boiler which will evaporate just the quantity of water given in the first

column, we may find the theoretical disposable power of these boilers by the preceding rule of horse powers

of boilers, which should correspond with the results of experiments.

The results are given in column four of the table, showing a remarkable coincidence. The accuracy

of the experimental results in the steam engine tables, and the correctness of the theoretical laws, thus confirm

each other. .

These examples have been taken at random. A more extended and thorough companson might

made for engines working under various degrees of expansion.

TABLE OF COMPARISON.

Pounds of water which 'Total disposable power
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EXPLANATION OF THE DIAGRAM OF HORSE POWER OF BOILERS.

This .diagram is constructed from the table for finding the horse powers of boilers, or from the formulaV - the velocities being taken from Zeuner's table and reduced to English units.
^.g. oo. UUU.

The formula shows that the curve which indicates the powers of the same boiler with increasing pressures
of steam, is a common parabola. In the diagram the same boiler may be supposed to be used with steam press-
ure increased according to the numbers along the line of abscissas

;
and supposing the same quantity of steam

M l to be evaporated each minute, which will be approximately true, the ordinates of the curve show the

increase of disposable power of the boiler, as the pressure is increased.

The curve of boiler horse-power, curve (1), supposes the evaporation constant, under different pressures,
and exhibits the law of increase of disposal power as the pressure rises. An increase of power would also

attend increased evaporation.

The quantity of water or steam in pounds required for a theoretically perfect engine, that is, an engine

which, for instance, would utilize all the disposable work of a boiler, is given by Prof. Zeuner in the following
table, taken from his work, the numbers being reduced to English units.

QUANTITY OF VAPOR EXPRESSED IN POUNDS REQUIRED IN A THEORETICALLY PERFECT ENGINE TO PRODUCE ONE
HORSE POWER PER HOUR.

Tension of the
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tion
;

but each pound of coal, under the forced draft, produces less steam, in the proportion of 7 to 9 pounds ;

so that while the economy of fuel in one sense is less, the total amount of work done by the same boiler in the

same time is very much greater with the higher rate of combustion.

The same differences occur in stationary boilers having the same general proportions, but different

heights of chimneys. The chimney is the machine or agency which produces the flow of air through the fur-

nace, and which, by its height, determines the quantity which passes through in a given time. It is, therefore?

the principal element in the determination of the total evaporation of a boiler in a given time.

There are probably no phenomena connected with the generation and utilization of steam so imperfectly

defined, either theoretically or practically, at present, as those connected with the quantity of air which passes

through the furnaces of boilers, under varying conditions of draft, and the temperatures of the furnace and

flues which depend on this quantity. And hence, for greatly varying heights of chimneys, the quantity of

coal consumed per hour can only be determined in advance by the most uncertain estimates. It has been

generally assumed from the experiments of Prof. Johnston, Mr. Hunt, and others, that in ordinary

practice double the amount of air necessary for complete combustion passes through the furnace. It

is contended, on the other hand, by Kankine and Clarke, that for high rates of combustion this law is

not true
;
and experiments made at the Paris Exposition, in which the quantity of air was measured, in differ-

ent cases, show that in ordinary practice this law of double the quantity is by no means to be relied on.

Hence all attempts to reduce the laws of evaporation of boilers to fixed and definite rules of practice for all

conditions of draft, have thus far been based on assumptions which have no definite and precise foundation

in practice.

For stationary and steamship boilers the chimneys are generally of a uniform height, arising from the

nature of the structures with which they are connected, and hence the approximate amount of combustion on

a square foot of grate-surface, and the resulting evaporation of water per hour, are pretty well known from

practical observations. The tables of evaporation given on page 31 have been determined from such consid-

erations, and are not intended to represent what the boilers there given might accomplish, under various rates

of combustion arising from greatly varying heights of chimneys.

Experiments are greatly needed to determine the rates of combustion for varying dimensions of

chimneys, as well as the quantities of air actually drawn through the furnaces under these varying rates of

combustion. Such determinations are necessary in order to establish the corresponding temperatures of the

furnaces and the gaseous products of combustion, and from these, the laws of transfer of heat by radiation

and contact in the furnaces and flues respectively.

Explosions,

The risk of life and property involved in the use of the Steam Boiler is still, as it has always been, a

source of constant anxiety to the Engineer and to the public. Explosions continually take place under
circumstances of the utmost apparent security. Occurring without warning, and occupying but an instant of

time, it is generally difficult, if not impossible, except in rare instances, to ascertain with certainty their true
cause. There is seldom a unanimous opinion on the part of experts who examine into the causes after the event.

The following remarks on the subject are intended, therefore, to point out, as far as possible, some of
the obvious sources of danger, which are clearly indicated by the developments of the Dynamic theory of

heat, and confirmed by actual experiments. The results will serve, perhaps, to indicate more clearly the
direction in which further experiments are needed.

Explosion can occur from two causes only first, from deficiency of strength in the shell or other parts
of a boiler. This deficiency of strength may be an original defect arising in the material or workmanship at
the time of construction

;
or it may be due to deterioration from use, from ordinary wear, or from injuries

occurring from mismanagement, want of attention and repairs, etc. Manufacturers and Engineers are

supposed to comprehend fully these causes of danger, and ought to be able to avoid them.
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The other source of danger arises from an accumulation of pressure within the boiler, to a dangerous

decree above that which the structure is designed to resist. This accumulation of pressure may be gradual,

and due simply to the increase of pressure which attends a continued evaporation when there is not sufficient

outlet for the steam constantly formed. This source of danger will first be discussed.

One question to be solved is at what rate, in time, will the pressure in any given toiler in active use

increase if there is no outlet for the steam. In other words, how long a time must elapse before the pressure

under such circumstances will rise from an ordinary working pressure to a dangerous or prohibited pressure.

This is a practical question, and its solution ought to point out the degree of watchfulness necessary

on the part of an engineer. It has been solved in a very thorough and practical manner by Mr. Zeuner, in

the work to which reference has been made.

The formula which is given below is Prof. Zeuner's formula derived, not from experiments, but in an

incidental manner from a mathematical discussion of the laws of temperature, pressure, and volumes of

vapors, based on Eegnault's experiments.

Let

T be' the time in minutes which must elapse from the instant that all egress of steam is prevented

in a boiler (by the stopping of the engine and closing of the safety-valve) to the instant when a

dangerous or bursting pressure must follow in the boiler.

"W Represent the weight of water in the boiler.

t,.
The temperature of the water due to the dangerous pressure,

t. The temperature due to the working pressure.

Q The quantity of heat in units of heat transferred to the water per minute.

Then

T -
W ft--*)

Q
the mean specific heat of water being taken as unity.

This formula shows that the time, T, is greater the greater the amount of water in the boiler, and it

diminishes as Q increases. T is less also as (t t t)
is less. At high pressures a greater change of pressure

accompanies a small change of (t, t),
and T will fluctuate more rapidly at high pressures than at low

pressures.
The following examples, as illustrations, will exhibit the applications of the formula :

EXAMPLE 1.

A Marine Tubular Boiler of the Largest Size.

W=79,000 Ibs. of water.

Suppose the working pressure to be 2 atmospheres, and the dangerous pressure 4. atmospheres,

(ti
_

t)=29 Fahr.

The boiler contains 5,000 square feet of heating surface, and supposing the evaporation to be 2.5 Ibs.

per hour for each square foot of heating surface, we have,

, , . 5,000 x .2.5

Q in pounds of water per minute = = .

And taking as a sufficient approximation 1,000 units of heat as the equivalent of the evaporation of

1 lb. of water, we have,
8,ooo x A8. x 1,000Q m units or heat ;

These numbers introduced into the formula give,

T- ^,000x29 _ =
5,000 x .2.5. x 1,000

60

Hence the steam would reach a dangerous pressure in 11 minutes.
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EXAMPLE 2.

A Keturn Tubular Boiler, containing 3,000 Ibs. of water, and having 500 square feet of heating

surface, each square foot evaporating, as before, 2 Ibs. of water.

Suppose the ordinary working .pressure to be 75 Ibs., and the dangerous pressure to be 150 Ibs. per

square inch.

The formula gives, T=7 minutes.

EXAMPLE 3.

A Locomotive Boiler, containing 5,000 Ibs. of water, and having 11 square feet of grate surface, and

burning 100 Ibs. of coal on each square foot of grate an hour. Each pound of c6al will, under such

conditions, evaporate about 7 Ibs. of water.

Suppose the working pressure to be 100 Ibs., and the dangerous pressure to be 200 Ibs. per square inch.

The transition from the working to the dangerous pressure will occur in

T=2 minutes.

This example is, of course, an impossible case, because no locomotive standing still can burn 100 Ibs.

of coal on a square foot of grate in an hour. It illustrates, nevertheless, the degree of danger under

circumstances which may occur. For if we suppose this locomotive standing still to burn only 10 Ibs. of coal

per hour on each square foot of grate, the time T will be increased ten times, and we will have,
T 20 minutes.

EXAMPLE 4.

The Steam Fire Engine. Taking an actual case. The boiler contains 338 pounds of water, and

it has 157 square feet of heating surface.

Supposing each square foot of heating surface to generate 1 pound of steam in one hour, the pressure

will rise from 100 to 200 pounds in

T=7 minutes.

EXAMPLE 5.

To find in the same boiler how long a time will be required to get up steam. That is to run the

pressure from to 100 Ibs.

If we suppose only \\ cubic feet of water to be introduced into the boiler at first, we shall have
93 x 117

T =
157_xlOOO =4.1 minutes.

60

This result is realized in practice, and exhibits the truth of the formula.

The formula shows generally that boilers which contain large quantities of water and burn coal slowly,
have less rapid fluctuations of pressure. And also that the lowering of the water in the boiler from failure of

the feed apparatus, by diminishing W, diminishes also T in the same proportion.
Low water increases the danger of explosions, therefore, not only by exposing plates to overheating,

followed by a sudden evolution of steam, but by diminishing the ratio ^L It is even probable that Q is largely
v^

increased in such cases by internal radiation of heat from the plates to the water.

SAFETY YALVES.

It is supposed that a gradually increasing pressure can never take place if the safety valve is in

good working order, and if it have proper proportions. Upon this assumption, universally acquiesced in, when
there is no accountable cause, explosions are attributed to the "

sticking
"

of the valves, or to " bent valve

stems," or "
inoperative" valve springs. As the safety valve is the s61e reliance in case of neglect or inatten-

tion on the part of the engine driver, it is important to examine its mode of working closely.
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It is designed on the assumption that it will rise from its seat under the statical pressure in the boiler,

when this pressure exceeds the exterior pressure on the valve, and that it will remain off its seat sufficiently far

to permit all the steam which the boiler can produce to escape around the edges of the valve.

The problem to be solved is, then, to find first what amount of free orifice is necessary for the flow of

steam from a given boiler under a given pressure, and then to ascertain whether ordinary valves will rise far

enough to give this amount of free orifice.

The ordinary safety valve, as at present constructed, consists of a disc which closes the outlet of a short

pipe leading from the boiler. The area of the disc or diameter of the valve is usually determined from theoretical

considerations based on the velocity of the flow, or upon the results of experiments made to ascertain the area

of orifice necessary for the flow of all the steam a boiler can produce under a given pressure. The fact is

recoo-nized by engineers and constructors, that the real diameters of safety valves must be greater than the

theoretical orifices, because common observation shows that the valves do not rise appreciably from their seats
;

and to make the outlet around the edges of the valve equal in area to the pipe, the valve should rise \ of its

diameter.

The uncertainty begins when it is attempted to fix upon a diameter. The difficulties of the problem

become evident in the light of late experiments.

In regard to the area of orifice necessary, this question is solved by Prof. Zeuner in a very simple manner

theoretically ;
the following table gives the results of his determinations reduced to English units.

Let d be the diameter of the orifice in inches, and w the weight of steam which flows through the

orifice in a second (equal to" the weight of water evaparated in a second) in the problem under consideration
;

then the diameters d for different pressures are found from the following table.

For 2 atmospheres d = 1.72

d 1.51

d 1.41

d = 1.35

d = 1.30

d = 1.28

d- 1.22

For 9 atmospheres d = 1.22

10

11

12

13

14

d = 1.21

d = 1.19

d = 1.16
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The mode of determining the area of free orifice necessary'for the flow of steam may thus be considered

theoretically and practically settled.

The next question for consideration is, how High will any safety valve rise under the influence of a

given pressure ? This question cannot be determined theoretically, except that it has been demonstrated by

Zeuner, Weisbach, and others, that as soon as the flow of steam begins the pressure in the plane of the orifice

rapidly diminishes, and in fact ceases at a minute distance from the orifice, and is also diminished within the

orifice, in the pipe. It has been supposed that the force of the issuing steam striking against the lower face

of the valve may act to keep it off its seat.

This question has been settled conclusively by Mr. Burg, of Vienna, an account of whose experiments

was published in the proceedings of the Yienna Academy of Sciences in 1862. Mr. Burg made careful

experiments to determine the actual rise of safety valves above their seats. He found by actual measurements,

made by means of apparatus constructed for the purpose, that an ordinary four-inch valve rises according to

the laws stated below. For a boiler pressure of

Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs. Ibs.

12 20 35 45 50 60 70 80 90

The rise of the valve is, in parts of an inch,

1 1 1 1 1 1 1_ 1 1

~W "48" ^T ~65~ - 86 86 168 132 168

Or, taking average valves, the rise for pressures from 10 to 40 Ibs. is ^ of an inch, from 40 to 70 Ibs.
-g^-,

and

from 70 to 90 Ibs. j^-g- of an inch.

These results show that the rise diminishes rapidly, as the pressure increases a result which is indicated

by theory. The very small rise for pressures from 70 to 90 Ibs., -^ of an inch, is remarkable.

If now we take a tubular boiler with 500 square feet of heating surface, the free orifice necessary for

the flow of all the steam the boiler can produce at 5 atmospheres pressure will be, according to Zeuner's

Formula, TV<r of a square inch. Let x be the diameter of the valve, which, by rising -^ of an inch, shall give

this amount of free orifice. The circumference will be approximately 3x, and we must have 3x.^ = .59

square inches, from which we find the diameter of the required valve,

x = 23.6 inches.

This is an impracticable size. If we assume a size of six inches diameter as suitable, and ascertain how

high the valve must rise to make an annular opening around the edge equal to .59 of an inch, we may let x

represent the rise of tlie valve. The circumference will be, in round numbers, 3 x 6 = 18 inches, and we

will have 18 x x = .59 square inches; x = ^ of an inch. This amount of rise appears clearly impossible

from the results of Mr. Burg given above, as the valve will rise under 5 atmospheres only ^o an inch.
^

These results have been confirmed in another manner. Batty, in experimenting with his volute springs,

found that, for an ordinary locomotive, a valve of 13 inches diameter was required, and with this the pressure

in the boiler rose considerably above the pressure at which the valve was set. With ordinary valves he found

that there was no relief of the boiler when the fires were kept in full blast. Gooch, the English engineer,

recommended three safety valves to each locomotive. And Mr. Holley, in his recent work on

Practice, recognizing the inefficiency of the ordinary valve, states that he has seen the pressure in a 1<

boiler rise to 140 Ibs., with two valves blowing off at 100 Ibs.

These facts and expressions from practical engineers are sufficient to confirm the foregoing deduct

Another series of experiments, made by Mr. Burg, is still more conclusive, and justifies
him in t

statement that the "most incomprehensible delusion has existed in regard to the efficiency of the valve, as

commonly employed ;

" and that it acts at most only as an alarm, but cannot be depended on as security agai

explosions. . ,

His final experiments were made with a view of determining the pressure in pounds per squar

actually exerted upon the under surface of the valve, with different amounts of rise or 1 ft, and wei

to supplement the first experiments.
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He constructed an apparatus by which he was enabled to remove weights from the exterior load on

the valve at the same time that he measured, by the revolutions of a screw, very accurately, the corresponding

rise.

The results are given in the following diagrams, which have been made from his published records.

Six experiments were made, in which the pressure of steam in the boiler was first taken at 10 English Ibs.;

then at 27; again at 33, 44, 65, and 75 Ibs. The results correspond to the numbers 1, 2, 3, 4, 5, 6, in the

diagrams.
At the beginning of each experiment the valve was loaded to resist the required pressure ia the boiler.

The curves 1, 2, 3, 4, 5, 6, represent the rising of the valves, during each series, as weights were taken off the

the valve. The horizontal line of numbers, 0, 5, 10, 15, &c., gives the actual pressures on the lower surfaces

of the valve in pounds per square inch for the rise of valve, as shown by projecting the number down to the

corresponding curve.

Thus, in the first experiment, beginning with ten Ibs. constant pressure per square inch in the boiler,

the rise (curve (1) )
was zero; by removing weights, | Ib. at a time, .the valve rose according to curve (1),

the height from the base line, 0, 0, 0, being in lines, or ^ of an inch. With a rise of li lines, for instance,

the pressure on the lower surface of the valve was only 5 Ibs., and with a rise of 1.9 lines (about 2 lines, or

i of an inch), the pressure on the lower surface of the valve was less than 1 Ib. per square inch.

Taking the fifth series of experiments, with a constant boiler pressure of 65 Ibs., it is seen by curve 5

that a reduction of pressure to 35 Ibs. (by unloading the valve), was necessary, in order that the valve might

rise
-J

4
,,- lines, or -fo of an inch.

v i i

In all the experiments a rise of two lines, | of an inch, as shown by the curves, was only accomphshe

by diminishing the load on the valves, until the pressure on the under surface was reduced to less than 7 Ibs.

per square inch.

These remarkable results show that when a valve stands from its seat the very small distance of of an

inch, there is practically very little sustaining force in the current of outflowing steam. They confirm the

former results that, to obtain a rise of valve above the minimum height of T ? f an inch for high pressures,

an increasing pressure within the boiler is not sufficient. On the contrary, a diminution of exterior load on

the valve is indispensable.

These results show conclusively that the ordinary safety valve presents no real security,

are kept up, and no other relief afforded than the self-action of the valve, the pressure on the boiler must

continue to rise
* and a few minutes inattention on the part of an engineer may result in an explosion. It is

not necessary to such a result that the valve should "stick," or that the stem should "be bent," for it is proved

beyond a doubt that the higher the pressure, the less will the valve rise; and in not rising it simply obeys-the

action of the forces exerted upon it.

Explosions arising from Sudden Evolutions of Steam,

A gradually increasing pressure to a dangerous degree would be impossible in any boiler, if the safety

valve were what it is supposed to be, viz., a perfect automatic means for liberating all the steam which a boiler

may produce with the fires in full blast, and all other orifices for the escape of steam closed. Until such a

safety valve shall have been devised and adopted into general use, safety from gradually-increasing pressure

must'' depend on the attention and watchfulness of the engineer alone.

There are supposed to be, however, occasional instances of sudden or violent evolution of steam, in such

quantities that no relief is possible through the medium of safety valves, however perfect they may be in their

functions.

* The formula 'or diameter of orifice shows that the free orifice necessary for the is8ue of steam diminishes but slowly as the

pressure rises.
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That such occurrence may take place from natural causes, which do not require for their explanation

any extraordinary hypotheses, such as chemical decomposition or electrical action, may perhaps be demon-

strated. But there is reason to believe that they are exceedingly rare.

One of these causes which has received the most general acceptance, both in theory and practice, is the

sudden flow of water upon plates which have become overheated by the accidental lowering of the water level

in the boiler. It is, in fact, considered almost an axiom that very low wrater will cause an explosion.

There is no doubt that exposure of the upper surfaces of flues, or the crown of a furnace, to the intense

action of heat, when there is no water upon their surfaces to absorb or transfer this heat, is highly injurious

and destructive to the boiler
;
and on this ground alone all the devices for regulating or observing the water

level are necessary and advisable. It is not certain, however, that even in such an extreme case of accident

or neglect as overheated plates, an explosion must ensue if there be an efficient safety valve.

If we suppose ten square feet of the furnace or flues to become heated to redness, say 1,000 degrees

(a very extreme case), the quantity of heat in units of heat which would be transferred quite suddenly but not

necessarily instantaneously, to water coming in contract with them at the ordinary boiler temperature, would

be found thus : 10 square feet of iron, of an inch thick, would weigh about 100 Ibs. The specific heat of

iron is .11
;
and if we take 300 as the temperature of the steam of the boiler, the lowering of temperature of the

plates would be 1,000 300 = TOO
,
and 1 00 x TOO x.11= 7.700 units of heat. This amount is sufficient to

evaporate about 7.7 Ibs. of water.

If we refer to any of the examples of the application of the formula,

T_ M (tt 12)

~Q~
we will find that to raise the pressure from an ordinary working pressure to a dangerous pressure, a much
greater number of units of heat was required, 6. The quantity of heat transferred to the boiler in each
minute was, in the examples given, as follows, respectively :

EXAMPLE 1, 208,300

2, 20,830

3, 123,300

From these examples it is seen that the addition of only 7.700 units of heat, either gradually or

suddenly, would not cause a dangerous elevation of pressure in the boiler, under the conditions assumed.

Notwithstanding, therefore, the overheating of plates is highly detrimental, and no doubt dangerous,
yet it seems probable that this source of danger of explosions belongs to the dangers from gradually-increased
pressure, and may be avoided by perfectly efficient safety valves.

The occurrence of this cause of danger can only happen from the most culpable neglect or inattention,
and cannot be regarded as an unforseen danger, since the means of warning are abundant.

The principal cause of sudden evolution of steam, which finds an explanation in the known properties
of water, and its action under changes of temperature, is probably what is called concussive ebullition.

s doubtless a real danger, and the more so because it is hidden, and gives no warning. How far this

phenomenon takes place in steam boilers, and produces explosions, there are no means of knowing. But that
it is a possible cause, there seems to be good reasons for believing.

It is known from the investigations on the boiling points of water, and other fluids, by Dufour, Kopp,
Donny, and others, that the conversion of water into vapor at a certain temperature due to the pressure is

iependent on other conditions besides the temperature; that water may become heated, under certain con-
ions, to temperatures many degrees above the temperature due to its boiling point.

The phenomenon called "concussive ebullition" arises, according to Dufour, from the principle that in
that a liquid may be transformed to vapor at any temperature, some portion of the surface must be freely

3 a space into which the vapor may expand. This was demonstrated by suspending drops of water in
The temperature of the water was raised considerably above the boiling-point without the forma-

E vapor; but if a bubble of air or a piece of porous substance was placed in contact with the water, a
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burst of vapor occurred. Professor Donny, of Ghent, observed that water thoroughly deprived of air, and

sealed up in thin glass tubes, free from air, and heated at one end of the tube, could be heated to 280 F.,

under atmospheric pressure. The burst of vapor, when it took place, threw the whole mass of water suddenly

to the other end of the tube.

This phenomenon of concussive ebullition may be produced in a variety of ways in the chemical labor-

atory, and accompanies the processes for the rectification of sulphuric acid to such an extent that special

means are required to avoid its evil effects.

The practical conclusion to be derived from these facts in connection with the generation of steam in

steam boilers, is that the water in a boiler may, under some circumstances such as slow-continued evaporation

when a boiler is at rest, or doing no work be nearly deprived of air, and the circulation being then feeble,

portions of the water in contact with the plates may become heated to a higher temperature than that of the

mass of water above.

Under such circumstances the sudden starting of an engine, or other cause of agitation, producing an

increased circulation and an agitation of the water, might cause a sudden evolution of steam in such quantities

and with such force as not only to produce a dangerous and sudden elevation of pressure, but a violent con-

cussion, by throwing large masses of water against the sides of the boiler.

It was demonstrated by Dufour and others, that the presence of air in minute bubbles prevented this

overheating of portions of the water, and caused evaporation to go on continuously. When a boiler is at work,

circulation is rapid and continuous, and in most cases feed water fully charged with air continually enters the

boiler
;
and hence the conditions necessary to cause a retarded ebullition are rare.

'On this subject, however, further experiments and investigations are especially needed.

The general conclusions which may be regarded as established from experiments, observations, and

practice, thus far seem to be :

1. That the laws of resistance of the parts of boilers to the internal pressure are sufficiently well

established.

2. It is of the utmost importance that the materials employed should be of the best quality as regards

strength' and durability ;
and as there are but few manufacturers of boiler plates, the inspection of materials

especially boiler plate, should be made by the government at the place of manufacture, and the inspection

should extend to the qualities of ores and the process of manufacture; the required stamps, brands, or

certificates being put on or authorized by the inspector in person. There is much greater certainty of

securing the best materials by an inspection of the process of working and the raw materials employed, than

by an inspection of plates after they have been sent to market, when, to all external appearances, good and

bad plates are not easily distinguished.

3. An inspection of the boiler during the process of construction. It is impossible to discover all

defects of construction after a boiler is made.

4. The deterioration of strength from wear and tear, from sudden heating or cooling of parts, from

oxidation, &c., gives rise to evils which can only be avoided by constant attention and repairs.

5.' The'danger from sudden generation of steam in large quantities arises probably from one cause,

retarded ebullition^ and is less likely to occur when the boiler is at work, receiving constantly fresh supplies

of water charged

'

mechanically with air in minute bubbles. Any device which should force air in small

bubbles into a boiler, would probably prevent this source of danger.

6. The ordinary construction of the safety valve is fundamentally defective, being based on ideas

rco-ard to its action which are unsound and delusive. A safety valve should be adopted which is not

dependent for its action on the pressure of the steam at the orifice opened ly the valve, and through which

the steam flows, since it is demonstrated that the pressure at this point practically ceases with any considerable

opening of the orifice.
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A new construction for safety-valves, suggested by the foregoing discussion, is exhibited in the

following cuts.

To enable a valve to rise from its seat an appreciable distance, it appears, from that discussion,

that either a portion of the exterior load must be removed from the valve the moment it begins to rise,

or that a continuous sustaining force must act on the valve from beneath, which shall not be diminished

by the flow of steam through the orifice.

The latter expedient is adopted, and the end accomplished, by simply carrying down a stem from

the valve into the water of the boiler. The total pressure of steam upon the lower end of this stem (or

if it be hollow, as in the figure, upon the upper interior end surface) will be continuously exerted upon
the valve. In the use of the ordinary disc or conical face valve, it has been shown that when the valve

stands one-sixth of an inch from its seat the total force (or statical pressure and impulse combined) on the

lower surface of the valve amounts in no case to more than five or six pounds per square inch.

If a four-inch stem be carried down below the water surface, with a pressure of 60 Ibs. per square
inch in the boiler, the total pressure on the lower end of the stem, transmitted to the valve, will be over

750 Ibs.

This is equivalent to removing over 45 Ibs. per square inch from the exterior load. With this

piessure on the main surface the valve will rise from its seat, and will continue to rise as the pressure
increases.

Fig. 1 represents a valve arranged for a marine boiler.

V. Valve. T. Stem carried below the water. L. Valve lever extended into escape pipe.

The force applied to keep the valve down is produced by a number of spiral flat springs within a

barrel, adjusted by a worm and wheel. This valve can be locked, by locking the hand-wheel which turns
the worm, and the worm and wheel furnishes a simple means of adjustment; all other parts are inaccessible,
and the force acting on the valve cannot easily be altered by unauthorized persons.
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In Fig. 2, an ordinary lever is applied with weights, and a diaphragm is acted upon by the pressure of

the water in the tube or stem, the diaphragm being simply a metal plate with circular corrugations.

To calculate the size of valve for a given boiler, it is to be recollected that the circumference

determines the annular opening for the efflux of steam.

Having found the area of orifice necessary by Zeuner's formula, a diameter is to be chosen, which will

give this opening for a given rise; for instance one-sixth of an inch. The diameter of the stem should

be less than this by one-half an inch (one-fourth all around).
The statical pressure to be applied to hold the valve down, may be calculated in the ordinary manner.

The valve seat should be spherical, and the radius lever as long as convenient, in order that the valve stem

rnay rise and fall in a true vertical line. The above described construction is simple, inexpensive, practical,

and applicable to many boilers by simply putting a stem to the valves already in place.

Where the valves already in place are too far from the water, or in such a position that a stem

cannot be readily extended to the water, a short valve pipe may be bolted to the boiler.

The slight agitation of the valve stem, by the currents in the boiler, will tend to keep the valve

well fitted to its seat, and will prevent sticking, if there be any such tendency.

To illustrate the mode of finding the dimensions of a valve, according to this construction, let it

be required to find a safety valve which shall furnish relief for all the steam which a tubular boiler of

2,000 square feet of fire surface can generate, with all other orifices closed and the fires kept in full

blast. Let the pressure of steam in such a boiler be taken at 5 atmospheres.

By the table, page 42, the free orifice necessary will be 2.4 square inches.

If a valve, 4 inches diameter, be chosen, the circumference will be approximately 14. inches, and

it will be necessary for the valve to rise
-g-

of an inch. 14. x X = 2.4 inch, X =
-^- -g-

of an inch

approximately, X being the rise.

The area of the valve disc being 4 inches, suppose a stem 4 inches diameter to be carried down

below the water. The pressure on the lower part of the stem will be found by multiplying its area in

square inches by the boiler pressure, or 4. x 3.1416. x 75. = 939 Ibs.

This would be equivalent to removing 939 Ibs. from the exterior load, if the valve were of the

ordinary kind, such as that used in Burg's experiments.
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To this must be added the diminution of atmospheric pressure on the upper surface of the valve,

which takes place when the valve rises. When the valve is seated, the atmosphere presses upon the whole

surface; when it. rises, only so much of this surface as is represented by the cross section of the stem,
is subject to the unbalanced pressure of the atmosphere. With a 4% inch valve and 4 inch stem, the

additional virtual diminution of exterior load will be, from this cause, about 90 Ibs., and the total diminution

may be taken at 1,029 Ibs., making a virtual relief of pressure of 64 Ibs. per square inch.

This would leave an unbalanced pressure from the exterior load of 11 Ibs. per square inch, upon
the area of the valve.

A rise of one-sixth of an inch nearly, as shown by the curves, would take place, and an increase

of pressure in the boiler more than 5 Ibs. above this would be impossible from ordinary causes.

It would be advisable in the case presented to make the valve 5 inches in diameter, and thus secure

a margin for excessive firing.

This is believed to be an exact method of estimating the dimensions of valves, and one which will

be borne out in practice. With the construction proposed, the gradual accumulation of pressure, with all

other orifices closed and the firing kept up, should be impossible, and the valve becomes in reality a SAFETY
valve.





































































14
RETURN TO DESK *



THE UNIVERSITY OF CALIFORNIA LIBRARY

RETURN CIRCULATION DEPARTMENTTO* 202 Main Library




