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INTRODUCTORY NOTE.

Trs 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
water required per horse power per hour for different degrees of expansion, was originafly 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 Allen,
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 manmner so readily comprehended and
applicable, may be valuable for reference o 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
oceur 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 steamn, 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, thercfore, a special interest, not only in their practical applications, but also in
connection with corresponding theoretical deductions.

W. P. TROWBRIDGE,
Professor of Dynamic Engineering.

SHEFIELD SCIENTIFIC SCHOOL, YALE COLLEGE, APRIL 5, 1872,
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Horse Power of Steam Engines.

3 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 requivred. 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 ¢ Ilorse 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 hs.. The higher of these
weights was taken by Watt, that is, 150 Ibs. at 2} miles per hour. But this fact can be expressed in
another form : 2% miles per hour is 220 feet per minute (2X:z28°=220). So, the power of a horse was
taken at 150 1bs., 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 1bs. 220 feet high each minute, will raise

800 1bs. 110 feet high each minute.
3,000 ibs. 11 ¢ i
33,000 Ibs. 1 “ 2

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 88,000 Ibs., raised at the rate of one foot high in a minute, is the
equivalent of 150 Ibs., at the rate of 220 feet per minute (or 2} miles per hour), it will be fully
understood how it is that 33,000 Ibs., 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.




4 Horse Power of Steam Ingines.

Tt has thus happened that the mode of designating the power of: a Steam Engine. has 3b0e§(l; f:y
“Horse Power,” and that one horse power, expressed in pounds raised, is a power t}lat raises 33, 8.
one foot each minute. This unit of power is now universally recelve(.l. Havmg a Horse Pov.ver
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 11 pounds on each square
inch. The Piston of a High Pressure Steam Engine is under the action of the pressure of s:ceam fr'om
the boiler, on one side of the piston, and of the back action of the pressure d.ue‘to the discharging
steam, on the other side. The difference between the two pressures s the eﬁecture pressure on the
piston, and the power developed by the motion of the piston, under. this pressure, W.lll be. according to
the number of square inches acted on, and the speed per minute with which the Plston 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 Ibs., and the movement of piston be at the rate of 200 feet
per minute, then the total effective pressure on the piston will be 100x 33 = 3,?»(?0 ibs., and the
movement being 200 feet per minute, the piston will move with a power equal to raising 66.0,00(.) 1bs.,
one foot high each minute (as 8,300 x 200 is 660,000), and as each 83,000 Ibs., raised one foot high, is one
horse power and 689000 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 mominal 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 stcam engines, the effective pressure was
7 Ibs. per square inch, and that the speed of the piston-varied with the length of stroke from 160 fteet
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 stroké. The nominal power was then determined by
Watts’ rule, which is as follows :

Rure.—Multiply the square of the diameter of the cylinder in inches by the cube rool 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.
This becomes plainly the case when, instead of 7 Ibs. 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.
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Some modifications of ¢his 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, 8 feet stroke cylinder is, unless there is also stated what eflective 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.

Explanation of the Tables.

)

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 Revolutions, 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
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person desires an engine to drive ten machines, each requiring ten Horse Power, the engine s'hould 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 “Lor.ag‘ Stroke Engzn({s 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 tftbl.es 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 Ibs., as being those in most general use, in
non-condensing engines.

Column ¢ shows the “Point of Cut-off”’ for each case. The table gives the results when the steam
is cut off at 1, } and § of the stroke from the beginning, which means that the full pressure of the
steam has been allowed to act on the piston during 1,  or § of the stroke, and that the remainder of
the stroke, in each case, has been completed by the expansion of the steam.

Column p, 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 “3 by 12 Engine,” instead of a five Horse Power
Engine, for reasons before stated. .

Column E shows, for each class of engiune, 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 r and r 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 & and & show the « Total Amount of Waler 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 1 and 1 show, for each class of engine, the “ Cost per Year of the Net Horse Power
named.”  Column 1 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 bs., 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 1 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 the 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. 8. 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
ineredible amount of labor and expense, and would occupy a period of time almost proseriptive. It was
found, however, that by exercising eare 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 regnlated 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 cfficient air-
pump operated from the engine crosshead. The eylinder 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 conneetion 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 tight, 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.

During each experiment the steam pressure and revolutions were kept exactly uniform. Each
experiment was started with everything in average working condition—the_engine register being thrown in
gear, and the vessel, to rceeive the water from the hot well, pushed under the delivery of the latter

.

simultancously, 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 found
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., lst, «The steam pressure;” 2d, “The amount of
expansion ;” 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 caleulating theoretical curves similar to ¢ and
n, page 23, for each steam pressure, in which all the conditions, ineluding an allowance for the condensation
due to the mechanieal work done, were taken into consideration. All the results are in harmony, and furnish
a reliable basis for the information herein eontained.

The tables are not designed to show the mazimum result possible under the conditions named, but
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 the different ways by different individuals—one collating the previous
practice of the Novelty Iron Works and other establishments ; the other eomparing numerous experiments on
the subject. 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 of

which allowance will be appreciated by the practical engineer.
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TABLES

SHOWING THE SIZES OF THE NON-CONDENSING
Stationary Steam Engines,
BUILT AT

THE NOVELTY IRON WORKS,

AND THE

Revolutions, Steam Pressures and Points of Cui-off,

NEW YORK:

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.

LONG STROKE ENGINES SHORT STROKE ENGINES
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‘ |
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8 Tables showing Power, &c., of Non-Condensing Stationary Steam Engines.
; LONG STROKE ENGINES 1 SHORT STROKE ENGINES
STEAM ! =
| | ENGINE WATER || of 2w rowsn naupp | ENGINE WATER or Han Sl ke
\:é'"s“ | %sze. aud | : > TorAL Size and | | Torawn
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POWER | $%7) it °‘f“ 223 named || per Ton [ Fegme | £ | £ & | | nomed || per Ton Mo
|5 & & [ Lbs. Lbs. Tn, | In, | Lbs. | Lbs. || ‘
100 | $atke| 5 x12( 1701 87.3| 699 81049 | 81130 l 5x 91 228 | 3’.9l 682‘; $1022 81086 |
100 £ ¢ 6x16| 88| 40.1| 4752 1128 1223 E 6x 9 159 388.7| T35 1 1102 1173
o P. 80 4 « | 6x16| 111 413 774l 1161 1256} 6x 9] 199 38.7| 735| 1102 1173
i 80| § « Tx20) 65| 43.4| 803 1205| 1309| 7x12| 108{ 410 769 1153 1231
60| % ¢ Tx20 86| 45.9) 850 12795 1879| Tx12| 146 | 42,9 804| 1206| 1284
60| 8 « | 8x20| 661 47.2 8731 1310| 1438| 8x12| 112 | 44.0| 825| 1238 1334
\ | ] l | ‘ |
100 huo}m!‘ 7% 201 115!/ 27.6, 681 $1022 $1132| Tx12 194|/ 25.8| 645 8968 81051
100 + “ 1‘ | 8x20| 88| 28.3| 699 1048 | 1181 ) 8x 12| 149| 26.7| 668 1001 1101
0P 80| 1 « } 8><20| 114 29.7| 733 1100| 1233 | 8x 12| 193( 27.8| 695| 1043| 1143
gy 80|+ « Ifl 9x24) 74| 31.1] 759 1138 1298 9x 15 120} 29.2| 721 1081 1201
80| 1 « [10x24]| 60 316 | g\ 1156, 1386 |10x15| 98] 29.9| 748 1122 1257
601 ¢« | 9x24 105 33.1 | 807 1211 1871| 9x13 169| 31.1| 768 1152 1272
60| + « [ 10><24i 85|l 34.0( 829 1944 | 1424 [10x 15| 138 ( 31.8| 785I 1178 1313
60|+ «“ [11x30) 56,358 863 1295 | 1495 |11x18| 94| 33.4| 815 1222 1372
1 o | ' !
100 % sh’oke! 7%20| 7811843 847 $1270! $1380 Tx12 131} 31.8| 79511 $1193| $1276
100| 3 « || 8x20| 60| 36.3| 896 1344 | 1477| 8x12| 101} 32.8'i 820\ 1230 1330
80| & ¢ Tx201 98| 35.6| 880 1319 1429 | Tx 12| 166| 33.1| 828| 1241 1324
8012 ¢« || 8x20 } 51 86.3] 896 1344| 1477| 8x12{ 128} 33.9 8482I 1271 1371
60| % « T %20 ‘f 134|374 923 1385| 1495| 7x 12;| 2925|| 34.8| 870 1305 1388
60| % | 8x20! 102! 38.5| 951 1426| 1559 8x12| 173 l N 893‘ 1339 1439
3

i« ’ 9x24| 67| 404 083| 1481, 1641| 9x15 108} 37.1| 916( 1374} 1494

1 | \

100 | 4 sroke 6><16!118 38.4| 960 $1440| $1335( 6x 9| 212 35.8] 906 $1359 $1430

100 2 « | 7x20| 68] 40.5| 1000(| 1500 1604| Tx12] 116 38.2 955' 1433 1511
gols « || 7x20] s6l41.9] 1085|| 1332 1656| 7Tx12|145( 39.6] 990/ 1485 . 1563
s0| 3 « | Sx20| 66|42.6) 1052|| 1578 1733] 8x12] 111) 40.4 1010 1515 1611
60 2 « | Tx20 115|44.0/ 1086) 1630 1734i Tx12] 195 | 41.1| 1028|| 1542 1620
60| £ « | 8x20| 88451 11131 1669| 1797} 8x12] 1491 42.2] 1055]] 1583 1679
25 100 | Fairke| 8% 20| 110|| 27.3 843| §1264| $1397| 8x12| 186 25.7! 803 $1205| $1305
100| 3 « | 9x24| 72|| 285 869( 1304| 1464} 9x15) 116 27.0) 833 1260| 1380
H P 80|31 « | 9x24| 93|/ 30.0] 915 1373 1533} 9x15)150) 28.3| 873 1310 1430
801 « [10x24| 75| 30.6 933! 1399| 157910x15] 122/ 28.9' 891 13365 1471
60[ 3 « | 9x24] 131] 32.0 976'| 1464| 1624]| 9x15l 212( 30.1| 929 1394 1514
60| L « [10x24] 106| 32.7| 997| 1496 1676110x15)172)30.8 951 1427 1562
60/ T « |11x30| 69! 34.6) 1048/ 1572 1772]11x18) 117 32.2| 982| 1473| 1623
60| = « |12x30| 58| 35.0| 1054| 1581 1801}12x18} 96 32.9) 1027( 1541 1706
1 _
100| damke| Tx 201 97| 83.2| 1025 $1537| $1647| Tx12] 164 305 053] $1430| $1513
1003 « | 8x20| 75| 83.7| 1041} 1560 1693, 8x12] 126] 31.6| 98S{ 1481 1581
Contimuedon || g0l 4 « | 8x20| 94| 35.1| 1083| 1625 1758 8x12} 160 32.8| 1025 1538| 1638




Tables showing Power, &c., of Non-Condensing Stationary Steam Engines.

[ LONG STROKE ENGINES ‘ SHORT STROKE ENGINES
} STEAM - - e of 3
| exoNe || waten || JSOSTPERYEAR | oo waren || OUTEREER
B B | © D E l!__} Gy i e D Tl b~ 1
e - —_— s i ; . ’
g | Siz W\ Si d TorAL |
NET E‘En Point !’ls)leseigannﬁ 2 l Per Pe:':l‘:)tr For Coal Torar, ‘D]ez;igallnw E. PerP “Per Hour| For Coal| ToOTAL,
£e% | tion gy ||LILE or Net nterest || 2" [ B2 LT far (Interest
HORSE ESE of ]’ .| o8 %.gl per . ;’IM” at $8.00 on cost of _E.. —j:m 58 Hpel' ‘ ll;lorse .at N on cost of
£eg| Zl1s= | Power e g g | S = ur ower e
POWER 52"? | Cut-offj E | @& lHourl gt 1l oer Ton i::chied) 5 a2 ) b\ ¢ ifc]gded)
A:Eg'i (Tn. | In. ||° | 0 | = ST In. | In. R 1 Lbs. ||
— REES l |
80| amke| 9x24| 6136.6 1116] $1674| $1834| 9x 15| 99| 34.6| 1068, $1602| $1722
25 60[5 « [ 9x24| 83(89.2] 1195| 1793| 1953 9x15| 135| 36.6| 1130| 1694 1814
H P 601 3 « '|10><24 671 89.8 1213( 1820 2000)10x15| 109| 37.4| 1154| 1731| 1866
. . ! l 4 /
et 1100 Bute| Tx20) 85( 394 1216] $1s94| $1928| Tx 12| 145] 71| 1159 $1730| $1817
100!% “ | 8x20| 65|/39.9] 1231] 1847| 1975 8x12| 111||37.9] 1184 1777| 1878
80| % “ | Tx20|107|/40.6| 1253| 1880| 1984| 7Tx12| 183| 38.5| 1203| 1805| 1883
80 4 « | 8x20) 82| 414 1278| 1917 2045 8x12|138| 39.3| 1228| 1842| 1938
803 « | 9xo4| 53) 429 1308| 1962 2117 9x15| 87| 40.0| 1262|| 1893 2009
! 604 « | 8x20(110|43.7! 1349| 2023| 2151 8x12{ 176|| 41.3| 1291] 1936| 2032
| | 6013 « | 9x24] 72|45.4 1384] 2076 2231| 9x 15| 116]| 43.2| 1333| 2000| 2116
! [ ‘ | | g A0 I
\ 1100 | Zarke| 9x 24| 86/ 27.9 1021/ $1531| $1691] 9x 15 140 26.3 974* £1461| $1581
30 100(% « [10x24 70/ 28.2| 1032 1548/ 1728]10x 15| 113 26.8 993| 1489 1624
o p 80|+ « |10x24 90/ 29.8| 1090 1635| 1815 (10x 15 146/ 28.1| 1041 | 1561 1696
3 8011 «“ |11x30| 59| 3L1| 1159| 1739| 1939]11x18| 99 29.3 1065||  1597| 1747
60| 3 « |11x30/ 83/837| 1217 1825 2025]11x18] 140 31.3 1145 1718| 1768
| | 60/ % « f12x30] 70340 1229| 1843| 2063|12x18)115)31.9| 1167 | 1751| 1916
. 6011 « |18x36 49 /353 1261|| 1891 2144)13x21| 85/ 33.0 1193|| 1789| 1979
1100 ke | 7x20 117822 1193 $1789| $1899 Tx 12| 197! 204| 1103 1654 $1737
: 10013 « | 8x20| 891328 1215| 1822 1935| 8x12 151 30.5 1144| 1716! 1816
1100 & « 9><24i 58| 3411 1246 1869| 2029]| 9x 15| 94/ 32,5 1204!, 1806/ 1926
80|14 « | 8x20/ 113342 1266/ 1900 2033 8><12|192[ 32.1| 1204 1806, 1906
8013 ¢ | Ox24) 74857 1306 1959| 2119| 9x 15| 1194 33.8| 1252( 1878 1998
8014 “ [10x24| 6036.2) 1324 1986 2166[10x15 97! 35.4| 1311 1967 2102
601 3 « | 9x24/100 37.9| 1387, 2080 2240 9><15‘I 162[ 35.6 1319| 1978 2098
60| 3 « |10x24| 813888 1420 2129 230910x 15 181 36.4| 1348|| 2022 2157
| ‘ | ; ‘ | ‘
| 1100 | 2 ke Tx20) 102 | 38.4| 1422| 82133| 82237 Tx 12| 173! 35.9| 1346 $2019  $2097
! 10012 | 8x20| 78389.2) 1452| 2178| 2306 ‘8x 12| 132|37.0| 1388 | 2081 2177
l 801 ¢ “ | 8x20| 9840.6| 1504| 2256| 2384 Sx12| 166! 38.5| 1444 2166/ 2962
80| « | 9x24| 63| 42,0 1537|| 2305| 92460 9x 15 104| 40.0| 1481| 9292, 9338
6013 « | 9x24| 86 44.4| 1624| 2436 25911 9x 15| 139( 42.0| 1556 | 92333 2449
L 1 60[%« f10x24| 70]45.0| 1646| 2469 26421 10x 15 | 114|/ 42.9| 1589| 2383 2518
- l . l ' ] ! I = i =
40 ‘10();‘1‘sl‘r<‘>ke‘1()><24, 931 27.2| 1327| $1990 $21705p10><15"l 151 25.7] 1269| $1904| $2039
|100| 11x30) 61284 1369 2053| 2253[11x18| 103| 26.7| 1302 1954 2104
HP | 8% “ [11x30) 791 29.9| 1441| 2161 2361 11x 18| 133 28.1| 1371| 2057 2207
’ 80|« 112x30) 66/|30.3| 1460( 2190 2410[ 12x 18| 111/ 28.6| 1395| 2093 29258
; | 60| o [11x30) 11111322 1552|| 2328| 9598 [11x 18| 187| 29.9| 1450| 2189| 9339
| | 60 y ;12><§O 9311 82,61 15711 2357 2577[12x18| 153/ 30.6| 1493! 9940! 9405
s 60;-}“ 13x36| 65|/33.8| 1610!| 92414 2667 [13x 21| 114| 81.7| 1528 2292 2489
| nextage 60!1 |14x 36| 56| 34.2| 1619 2428 2704114 x 21| 98| 32.2| 1552| 2328 2535
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Tables showmg Power, &c., of Non—Gondensmg Stationary Steam Engines. 11
' !I] 'LONG STROKE ENGINES | SHORT STROKE ENGINES R
| STEAM -
| | evom woen || ST | pone || waen || SOIRERYER
A '® c |__»o E Bk |faa T e o T T i ol | H 1
;:"'§ I ]S)xezs(;, a;:l_ 53 Per TOTAL e [ ]S)izg and | =i ToTAL
NET 2 gg Point ‘ i (;gn 2‘ e |[LEE, P;)‘;‘;‘Z‘:‘ For Coal ! J & e:il‘;g;la- ;‘ o ILLE. P;"FI;:‘:;' ot Goul | “No0AT,
HORSE |3%s| of [ 75| SE| per | Home [lae $8.00| onoosror | | SE| per | Home [ at gg.00| (Rterst
‘ EE’ §< & & '§ ’é.s Hour | Power Engine 813 22 || Hour | Power E on cost of
POWER | %7 Cubof} £ |2 | 2 named || per Ton | included) | 2 | % | & ‘ named || per Ton i:::il,:i)
SER Vok I, Lbs. Lbs. | In. | In. Lvs. | Lbs.
! Bt 0 |
! ! | |
40 | 60| Tamke| 15 x 36| 40| 34.7| 1652 $2478| $2803 } 15x24| 74| 831 | 1595| $2393| $2637
fies L ,
H. P. | 100| anke| Sx20| 19| 31.5| 1556| $2333| $2466| 8x 12| 201| 20.2| 1460| $2190| $2290
Concluded. || 100 | 3 * f 9x24| 78| 33.0{ 1610 2415| 25754 9x 15| 126|} 30.91 1526 2289 2409
1001 & ¢ 110x 24| 63) 33.4| 1622 2433 2613 | 10x 15| 102 31.6| 1560 2341 2476
801 % « ’ 9x24| 98| 34.3| 1673 2510 2670 " 9x15( 159] 32.3| 1595 2393 2513
80| 4+ « [10x 24| 79| 34.9| 1702 25541 2734 [10x 15 129 ' 33.01 1630 2444 2579
60| & ¢ 1[’11 x 30| 70|l 39.0| 1880 2819 301911 x18) 119| 36.2| 1766 2649 | - 2799
604 ¢ 112x30] 59 39.4] 1899 92848 | 3068[12x18[ 100|f 37.0| 1817 2726 2891

|
100| Zqmke|| 8x 20| 104 87.6| 1857|| $2786| $2914| 8x 12| 176] 35.6| 1780| $2670| $2766
100 &« | 9x24| 68[39.1] 1907|| 2861| 3016| 9x15| 110 37.2| 1837|| 2756 2871

80|4 « | 9x24| 83| 40.6, 1980\ 2971| 3126 9x 15| 138( 38.8| 1916 2874| 2990
80| 4 « |10x 24| 69 41.1} 2005 3007 3180f;10><15‘119 39.4| 1970 2956 3086

60| § « 10x 24| 93| 43.5| 2122} 3183 3356 | 10 x 15| 151| 41.2| 2034| 3051 3181

N

|
|
60| 8 « [11x30] 61| 45.4| 2188| 3282| 8475 [11x18] 102{ 42.8| 2088|| 3132| 3277
lr sk RS I '

|

~
kN

12x30 T4 38.3 2314’ 3472| 3692|12x 18 125| 35.7| 2177| 3265 3430

13%36 5239.5| 2351( 8527| 3780 13x21 90 37.2| 2241 3361| 3551
S| | |

del| 9x24 85 38.1| 2323| $3485| $3640| 9x15 138 36.1] 2228 £3343| $3459

“lliox2+ 69] | 38.6| 2354/ 8530 3703[10x 15| 111 36.9| 2278 B3417| 3547

~
~

50 100| anke | 11x 30| 76| 2761 1663] $2404| $2604|11x18 128| 25.9| 1580/ 2870 $2520
100| 1 « |12x30, 64 127.9| 1681) 2521| 2741112x18 108|| 26.3| 1604| 2405 2570

8L 2 80| % « (11 x30) 98 ‘ 29.0| 1747 2620 2820 !11 x 18 166ii 27.83] 1665 2498 2648
80| ¢ ¢« |l12x 30 ’ 8311 29.4| 1771 2657 2877112 x18 139 i 275471 1689 25634 2698

80| %+ ¢« 13 ><36 5811 30.21 1798 2696 29-19‘;13 x 21| 100| 28.6! 1723 2584 2774

80| %+ « 14:><36|! 501 30.6| 1821 2732 3008114 x21 86 [ 29.1| 1735 2603 2810

60| 3 « [12x30| 116) 31.6 1904 2856/ 3076 12x 18 191] 20.7| 1811 2717| 2882

60| « [13x36| 82| 32.8| 1952 2029| 3182)13x21 142/ 30.7| 1850 2775|2965

60| & 14x36' 701 83.11 1970 2955 3231 E14><21< 122 | 31.1| 1873 2810 3017

60| + ¢ 15 x 36 611 83.7| 2006 3009 3334115 x 24 931 32.0{ 1928 2892 3136

60| & ¢ |16 x42] 46; 34.5| 2029 3044 3389116 x24 80| 32.5| 1958 2917 S

60|+ « fl17x42 41 35.0| 2059| 3089| 3464 [17x30 57| 33.6| 2000 3000 3276

I 1 |

100 %stroke 9 %24 | 97‘ 31.7 1933' $2899 $3059!: 9x15 157 29.8| 1840 $2759 22879

100| 1 © [10x 24| 79 32.3| 1970 2954| 8134)10x15 127)30.5| 1883} 2724| 2859

803 « |10x24 99 33.9 20671 3101 39281]10x15 161) 31.8| 1963| 2944| 3079

804 « [l11x30 65352 2120 3181 3381f11x18 109 33.2) 2024/ 3037 3187

- 80| 3 « [[12x30 543858| 2157 3236| 3456 12x18 92| 33.9| 2067( 38101| 3266
60| % « | 11x30 88 378 92227I| 3416 3616]11x18 149| 85.1| 2140) 3210/ 3360

g i

100

Continued on
next page. 100

(A
&




12 Tables showing Power, &o., of Non-Condensing Stationary Steam Engines.
e IHLONG STROKE ENGINES | SHORT STROKE ENGINES
STEAM | , T -
ENGINE WATER ‘ QORI The ¢ ‘ ENGITR SN WATER | or(;'ﬂir.-‘: L s
A B c D E F K | H | 1 | D “ Erpy ]| e Ras: H 1
leg | Size and ‘l | i Toraw :' hS)ize and || =Ry e ToraL .
: <= . igna- | & er [ T g igna-| ¢ er-Hour OTAL,
NET J‘E §.§ ! Point Destligoﬁa | 2‘3 | LHP }:)i-}i[\?e‘:r For Coal s ! etsiogll i ;g T LHP Pfor}lifet ke e
HORSE |58 of |~ £/ per | Home [a ga.00| (oterest f—o £ 2 || per | Home |44 gg.0p| (niomst
22 outor| £ | E | E% | Hour| Power oneostof 1 § | £ | % | Hour | Power Engine
POWER g (™"voig s 1 & g | named || per Ton | 1 leq) | P_|_% A pamed. || per Ton included)
i‘:“ g & In. | In. || | Lbs Lbs. | In. In. | ' Lbs. i |
: - ’ I |
5 | 80 | £ stroke | 10 X 24 !: 86| 40.2| 2451 | $3677| $3850(10x15 :! 140 | 38.3| 2364 $3546| $3676
80 4 |11x30| 58| 41.6| 2506 3759 8952 [11x18” 95| 89.6 2415| 3622| 8767
H. P 60 “ §11x30| 76/ 44.2| 2663 8994 4187 11x18] 128] 41.4| 2524 3787 3932
Concluded. BOMF e 12><30i 64/ 44.5] 2681/ 4021| 4233 “12><18 | 108) 42.2 | 2573 3859 4018
60 3 “ §13x36] 45| 45.8| 2727 4091 | 4336 | 13x21| 78 43.6| 2626 3939 4123
I | e COSIE e
60 1100 | 1 groke [ 11 % 30 91{ 26.0| 1045 $2017| $3117)11x18 154 25.4 1550| $2324| $2474
100 + ¢« ¥12x30( 77|/ 27.2| 1966 2049 3169 112x18 129 | 25.7 1880 2821 2986
100 + « 113 x36 | 54 |28.0! 2000 3000, 3253 |13x21' 93 26.6| 1923 2885 3075
{B N2 I | )
80/ 1 « [12x30 99‘ 28.7| 2075 3112) 3332 (12x 18| 167 27.0| 1976 2964 3129
804 ¢ 1183x36| 69| 29.6{ 2114 3171 3424 |13 x 21 121‘ 27.9| 2017 3025 3215
80| 4 « [[14x36 60i 29.9| 2136 3204 | 3480 |14 x 21 104‘} 28.1| 2031 3047 3254
8014+ « H15x36, 521 30.2| 2157 3236 3561 |15x24 | 79;r 29.0! 2096 3144 3388
60 1 « |14x36 84/ 32.3| 2307 3461| 3787[14x 21| 146 | 80.3| 2190 3285 3492
| 60|+ ¢ [15x36| 74| 32.7| 2336 3504 3829 |15x24 112 ‘ St 2248[ 3372 3616
601+ ¢« |16x42| 55| 33.7| 2379 3568 | 3913 |16x24| 97| 31.7. 2264 3396 3656
60| 2 ¢ |17x42 49| 33.9| 2392 3588| 3963 [17x30 ‘ 68| 32.8| 2315 3473 3749
1100 | Fatke | 10x 24 94 31.6| 2312 | $3468| $3648 ’10 x 15| 153! 29.7 2200i 83300| $3435
| 100( 4 “ 111x30| 62 33.0] 2386 3578| 3778 (11x18 104/ 30.9 2261[ 3391 3541
|| 8014 “ 111x30| 78|34.5| 2494 3741| 38941]11x18 131? 32.5| 2378 3567 3717
8014 ¢“ [12x30| 65| 34.8| 2516 3773 3993 | 12x 18 | 111 33.0 2415 | 3622 3787
601 3 “ 112x30 89| 37.2| 2689 4034 4254“12><18- 150 34.8 2546£ 3820 3985
60| % ¢« [183x 36 6%1 38.6| 2757 4136 4389 [13x 21| 108/ 36.2| 2617( 3925 4115
G0N F o5 ;14><36 55) 38.8| 2795 4193| 446914 x21 | 93 | 36.8 2662t 3993 4200
| et | |
100 | $ske | 9% 24 102( 87.1| 2715 840721 4227 9x 15! 165| 35.3| 2615/ $3922 4038
100 ¢ :: 10 x 24 §3 37.8| 2766 4149 4322(10x15 ‘, 134 35.8| 2652 3978 $4:108
100 | ¢ 11x30 54| 839.1| 2827 49241| 4434 ! 11x18 | 91| 37.2| 2722 ' 4083 4228
8012 “ §10x 24| 104 39.3| 2876 4313| 4486 [10x15 168/ 87.6, 2785 4178 4308
80| £ :: 11 x 30 98' 40.7| 2942 4413 | 4606 |11 x18 114| 38.9| 2846|| 4270 4415
80| £ 12x 30 57| 41.1| 2971 4457 4669 |12x18 | 96‘ 39.4 2883. 4324 4483
60| 2 « 111x30| 91 43.2| 3123 4684| 48717[11 x18| 154 40.6 2971 4457 4
601 ¢ * 112x30 77| 43.5| 3145| 4717| 4929 [12x18| 129 |41.2| 3015 8t
45 O bk B 4 | 2| 3015 4522| 4681
5 113 X3 | 04, 44.8| 3200 4800 5045 |13x21| 93 |42.7| 8087 4631 4815
| ! ’
. | ‘ !
70 100 | $sinke | 1230 89| 26.7| 2959 83378 | $3598 [12x 18 150( 25.3| 216 :
| Rl » ' 5 0| $3240| $3405
1%88 3 :: %ix:&ei §3| 27.5| 2292/| 3437| 3690 :13><21 | 109 26.0| 2193 | 3290| 8480
H. P. ‘ s i oM X 86 | 4)4.\@ 27. 2308; 3462| 3738(14x21| 94 26.3| 2218 3327 3534
| |18x36 ) 81/20.0) 2417) 3625 8878|13x 21141/ 27.4
801% “ |14x36| 70| 29.3 2449 | 3662| 3938 |14x21 | 191 27.7 Zgéé gﬁgg g???
AR ] gg % - }gxig‘ 61 29.6| 24671 8700 40253’15><24 92| 28.5| 2404 3606 3850
next page. xX42| 45| 30.4 2504l 3755 4100 f ‘ 16x 24 . 80| 28.8| 2400 3600 3860
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Tables showing Power, &c., of Non-Condensiﬁg Stationary Steam Engines. 13

19x30| 89 42.8| 3610 | 5414| 5626|12x18| 150 | 40.4| 3440| 5173 5332
13% 36| 63| 44.0 g667)| | 5500 5745113 x 21| 109 || 41.7| 8517\ 5276| 5460 |

55501 5817|114 x211 93 | 42.4| 3576|| 53641 5564 |
i - , ?

~
-

~ o~
~ =

,i et H LONG STROKE ENGINES § SHORT STROKE ENGINES
I Sisiis warer || (QOSTEERYEAR N . pvowvm - || wamr || S0STPESYESR
A B C i D | B ! G H i f D ' E | F G o | 1 |
] 48 I Size and | P ToraL | size and | '! ToTaL
NET i gg Point Designa- | £ €L | per Hour || For Coal | TOTAL, 1 ‘ Des_igna-| g ‘ Per | o Hour For Coal | ToOTAL,
i ] tion g8 LHP | for Net I tion 2 @ | LHEP | forNet
HORSE S8 of p .g £ || per | Horse E at $8.00 | (nterest H—————| 8 2 || per | Home ||at $8.00| Unterest
EE’ é 5 ,aé: ';3, = Hour | Power on cost of ‘ E = ,g = Hour | Power on cost of
POWER | % 2‘: f Uat:off ‘ = 2 & named | per Ton ‘Engine s % g | named per Ton Engine
Ees = : = = ! included) i { included) |
! ' } n. n. 5. & | Il In, ‘,| Lbs. Lbs. |
I I | |
‘ 60 | 1 stroke | 15 x 36 86| 32.11 2675 | $4013 | $4338115x 24 130? 30.5| 2572 $3858| $4102 |
! 601 ¢« H16x42| 64 33.0| 2717} 4076 44211( 16 x 24 |§ 114| 31.0| 2583 3875 4135 |
i 60| 4 ¢« H17x42) 57 33.2 2734 4101 44761 17x 30| 79| 32.2| 2683 4025 4301
- [S6013 =« J1oxs) 35| bus) 2892 4248 4674119%30| 64 82.7) 2706 4059| 4379
nciuded. i i
1100 4 stroke ‘ 11x 30| 721 82.1| 2707| $4061| $4261 |11 x ]8| 121 | 30.3| 2587 $3880| $4030
100| 4 « #12x30| 60 32.1| 2758 | 4137 4357112x18 I; 102 80.7| 2621 3931 4096
80| % « 11x30) 91 33.8| 2851| 4276| 4476|11x18 ” 153 81.8| 2714 4071 4991 |
80|31 ¢« 112x30 76!l 34.3| 2893| 4339 455912 x 18 | 129|| 32.4 | 2766 4149 4314 ‘
80| & « 13x36 53 ] 35.1| 2925 ’ 4388 4641 [183x 21| 93| 33.3| 2808 4213| 4403
L 603 « [|13x36 73 37.7| B142| 4712|4965 13x 91| 126] 35.2| 2970| 4455 4645
60| & « ‘145 x 36| 63| 38.0| 3167| 4750 5026 || 14 x 21| 108 36.0| 3036, 4554 4761 l
| 60| 4 « ji15x36) 55 38.6 32171 4825 5150 15 x 24| 83 87.0| 3120| 4680 4924
| 60 & « ’16 x 421 40| 39.7 3269[ 4904 5249116 x24| 721 374 3140|| 4710 4970 |
| | | | |
1100 | £ stroke 10x24| 96 |37.1| 3167| $4750| $4923110x 15| 156/ 35.3| 3051 84576 | $4706
“ 100} 3 « 11x30| 63 l1 38.4 3239| 4858 5051 !11 x 18 ‘ 106' 36.5| 3116 4674 4819
| 80| & « 11x80| 179 || 40.1| 3382 5073 526611 x 18| 133(| 38.3| 3270 4904 5049 |
80| & « !12 x30| 66 40.5| 3416 } 5123 533512 x 18 \ 112/ 38.8| 3312 4968 5127
80 4 « 113x36| 46 ” 41.4| 3450 i 5175 542013 x 21 | 81| 39.7| 3342 5013 5197
3
i
1

14 %361 54| 44.4| 3700/

~

| | |
{ : :
80 100 Loroke | 13 %36 72 | 27.0 2571»‘ 83857 | $4110 |13 x 21| 124/ 25.7| 2477| $3716| $3906 |
14x36| 62 27.2| 2590 3886| 4162]|14x21 107  25.8| 2488/ 3732| 3939

o p. |100| 3« |15x36 54 275 2619' 3920 | 4954 [15x 24| 82 26.5| 2554 | 3831 4075‘

“ 114x86| 80| 28.8| 2743| 4114 4:3901 14 x 21| 138 27.2| 2622| 8933| . 4140 |
“« H15x36) 70

29.1| 2771 4157| 4482||15x24| 106 27.9| 2689 4034| 4278

(02]
=)
B N

« l14x36] 71| 875 3571]| 5357 5633]14x21 | 124 35.2 3393| 5090 5297

« i15x36i 62 38:0 3619 5429| 5754 15x241i 95;36.2 34:89H 5234 5478
1 i 1

Il 60
’ 60

Continued on
next page.

16 x 42 52| 29.8 2805‘, 4207 45521 16 x 24| 92 i 98.4| 2705| 4058 4318 |
S0 « 117 x42 46’ 30.0| 2824 | 4235 4610 17 x 30 ! 64 29.0| 2762 4143 4419
60 “ 16 x42) 73 ! 32.5 3058' 4588 4933 16 x 24| 130;' 30.3| 2886 ‘ 4329 4589 ’
60 « F17x42 65| 32.6| 3068 4602 4977117 % 30, 90_' 31.6| 3009 | 4519 4795
60 « 119x48| 45| 83.8| 3181 4772 5198 19x 30! 73822 3030, 4545 4865
\ {| | 1‘ li i
1100 % gtrokef 11 x 30 | 82 31.7| 3055| $4583| $4783 111 x 18 138, 29.7| 2898 $4346| $4496 |
1100 & ¢« j12 x30 69/ 82.1| 3094 4641 48611112 x 18] 116 30.2| 2946 4420 4584
| 1001 & ¢« 13 x36 481 83.1 3152 4728 4981113 x 21| 84 31.3| 3017 4525 4715 |
I S0 At ‘12>< 30 87| 33.7| 3248 4872 5092 12x 18 1484‘ Sl 3093 4639 4804
Il 80 $ « 113x36| 61| 34.6 3295 4943 519613 x 21| 106 32.7| 3152 4728 4918
|| 801 & ¢« 114 %36 I 53! 34.9| 3324 4986 52621 14 x 21 f 91 T 33.1| 3190 4785 4992
|| 60|% ¢« (13x36 83, 37.2 3543 5314 556718 x 21 || 144 34.7| 3344 5016 5206
3
%




14 Tables showing Power, &c., of Non-Condensing Stationary Steam Engines.
! | LONG STROKE ENGINES f SHORT STROKE ENGINES
: , g = "1 o || cosT PER YEAR ‘ COST PER YEAR
{ | ENGINE WATER 052‘53 POWER NAMED ENGINE WATER OF THE POWER NAMED
A T o [ g T el 50| 3 ] UL e F ¢ H 1
‘.-.,g ' Size and ToTAL ' { Size and y P TorTAL
NET Is 82 Point |f Designa- -3 Per | por Hour || For Coal| TOTAL, | Designa- I & €T | por Hour || For Coal | TOTAL,
) | 282 oin | tion 2 g [[LEP] for Net e a tion | £ g LR S foxiavet -
D’E = =38 = nieres = Hors B
HORSE ‘ : § g = ’ g 2 E é H’per ll,{;:s; at $8.00 on cost of g % i % :-,—E I:Ip::r P:wr: #tF80 on cost of
522 Il s S | S our Engi 8 = > Engine
POWER | g :m:‘g Cu"'Oﬂ‘i = |l é named || per Ton inclifngl) Ala|g named || per Ton inclf;lied)
]ﬁ o> 4 In l In. |, Lbs. Lbs. | o | | Lbs. | Lbs.

1

atoke | 16 42 46| 39.0| 3671( $5506 $5851! 16x24| 82| 36.8] 3505( $5257| $5517
¢ 117Tx42 41392 3689 5534 5909 17x 30, 65| 37.4| 3657, 5485 5761

D
(=7 =)

3()

|  Concluded.

ke | 11%30] 72 37.8] 3643 5405 $5658[11x18 121 35.9| 3502| $5254| $5399
3« |12x30 60| 88.3| 3692| 5537 5749]12x18 102] 36.3| 3541 5312| 5471
3« 112%30 76] 40.0| 8855/ 5783 5995[12x18| 128( 87.9| 3698 5546 5705
« [18x36) 53(40.8| 3885 5329\ 607413x 91 92| 39.2| 3774 5660/ 5844

3« 113x36] 72| 43.3| 4124|| 6186 6431)13x21| 124| 41.1| 3962) 5943| 6127
i« 1436 62 437| 4162 6243 6510 18x 21 107( 4156 4009| 6019| 6219

—

I LW DD

Sooled od
oo

g« &5><36\ 54l 44.2] 4210|| 6814] 6630 '5x 24| 82 42.6| 4106 6159| 6396

100l }stroke' 13x 36| 811 26.7| 2861 ! $4201| $4544 113 x 21| 140| 25.3| 2743| $4115| $4305

90 100 £ « 114x36] 69| 26.8) 2871} 4307 4583‘ 14 x 21| 120(| 25.5| 2765 4147 4354
100( 4 ¢ | 15%x36] 61 {2711 2904| 4355| 4680 [15x24| 92| 26.2| 2841 4262 4506
26.4

H.P. 100§ « J16x42| 45] 27.7| 2933( 4399 4744‘16x24 80 9829 | 49244| 4504

80| % « |15x36| 78|/28.8| 3086/ 4629| 4954]15x24|119| 27.6| 2993 4489| 4733
80|+ « |16x42| 58|/ 29.4| 3113|| 4670| 5015]16x24| 108] 27.0| 2980| 4484| 4744

80| 1 “ [17x42| 52| 29.6| 3134| 4701| 5076§17x30| 71|/ 28.9| 3097| 4645| 4921
60 1 « [116x42 82/ 31.9| 3378|| 5067| 5412116x24| 145/ 30.0{ 3214i 4821| 5081
601+ « |17x42| 73] 82.9) 3409| 5114| 5489 [17x30| 101] 311 3334/ 5001| 5277
60|+ « J19x48| 50 |83.4| 3495 5243\ 5669{19x30| 82| 31.7| 3354| 5081| 5851
60| + ¢ :21><48 441 38.4| 3495 5243 5731 21x30 671l 82.31 3420 5130 5496

9.2 3205 $4809| $4959
9.7] 3260( 4890 5055

|

100 | $siroke [ 11 30 92] 31.3| 3394 $5091 355291] 11x 18] 155 29.
100 % « $112x30) 78 31.6| 3427/ 5140| 5360[12x18] 131 2
100 4 « [.113x 36| 54| 32.6 3493| 5239 0492 |13 x 21 | 94| 30.9| 3351 5026 5216

8014 « 112x30| 98| 33.2| 3600 5400\ 5620|12x18] 166 81.3 3435 5153| 5818
80| 3 « |13x36| 69 34.1| 3654 5480 5733|13x21| 19| 32.4| 3513| 5270 5460
80 4 « [14x36| 59| 34.4| 3686 5529| 5305|14x21| 103 32.7| 3546| 5319| 5526
80| & « ||15x36) 52| 847) BTI8|| 55T7| 590215x 24| 78 33.7| 3654 5481| 5725

801 & !';14><3(‘ 80| 36.9| 3954\ 5930 6206{14x21| 139| 34.7| 3763| 5644 5851
60' 3 “ [15x 36| 70| 37.3| 3996| 5995| 6320 15x24| 106! 35.6 3860 5790 6034

0/ % “ 116x42] 52| 88.4| 4066| 6109| 6454 1624 93| 36.1| 3868S|| 5802 6062
| 6013 “ [17x42) 46 38.7| 4098| 6146] 6521]17x30| 64| 375 4018i 6027 6303
100 | %slroke 11x30| 81| 37.3| 4045\ $6067 $6260 11x18| 136|| 35.5| 3896/ $5845 5990
100 2 | 12x 30| 68 A 378 4099|| 6148 6360 )12x18 | 1141| 35.9 5940‘l $591() $6069
100 2 “ 113x36| 48| 38.7| 4146| 6219 6464 | 13 x 21 | 83| 37.0| 4012|| (I 6018 6202

80 3 ¢ 112x30| 85 39.5| 4283 6425| 6637|12x 18| 144 | 37.7| 4162 6243| 6402
| 8072 ¢ [13x36] 60| 40.3) 4318) 6477| 6722 18x21| 104|| 38.6 4186 6278| 6462
8012 % | 14x36) 53| 40.6| 4850|| . 6525| 6792 (14x 21| 59|(300| 4230 6345| 6545

60| 2 « 113x36| 81| 42.9| 4596| 6895 71401 113 x 21| 140/ 40.4| 4381 6572 6756
GO; o :: ;‘14 x36| 69 431 4618( 6927 7194 14 x 21| 120 41.0| 4446|| 6669 6869
l 601 - 15 x 36 60( 43.7| 4682| 7023| %339 r15 x24( 02 42.0| 4554| 6831 7068

60: 2 | 16 x42| 45 ( 4.7 4733\ 7099 7434 |16 x24) 80| 42.5| 4554 il 6831 7082




-Tables showing Power, &c., of Non-Condensing Stationary Steam Engines. 15

LONG STROKE ENGINES ‘“ ‘ SHORT STROKE ENGINES

T i
‘ |
; STEAM :
| | ENGINE A et ipa s A ENGINE 5 TR [ o fonbn ik
A l B c . D E ¥ G H 1 71 D [ = F a H 1
1 2% H Size and || “ToraL ||| Size and ‘ . ToTAL
NET ® g,q Point ] ‘ Des.]gna' 2 Rer Per Hour || For Coal Torax, | Des.igna- & 3.3 Per Hour || For Coal | Torar,
E :-E { tion 2 o {LILEI for Net tion 2 o (L P o Net ]
HORSE e of “) e, g 21 per | Horse ||at $8.00 (Iﬂteljest = % g1l per Horse || at $8.00 (Interest
522 cutol B | E | 7 || Hour | rower Noow ol £ | 2 | 5% || Hour | Power e dy )
POWER ||2&2 Ty =N MO8 88 | named | per Ton | . l;g(line I a8 | a 3 pamed || per Ton Engine
S8 et included) = A _ included)
In, | In i Lbs. | Lbs. Mo | 1o Lbs. | Lbs.
t i !
:I 100 lstroke‘/ 14 x 36 77l 26.5( 3014 | $4521| $4797 114 % 21| 134} 25.2| 3036| $4554| $4761
‘ Py
(100 1 « 115 x 36 6711 26.8| 3190 4786 5111| 15 x 24| 1021 25.8! 3109 4663 4907
100| 1 « 16 x421 50| 27.4| 3224 : 4835 5180116 x 24 88|l 26.1| 3107 4660 4920
H.P. ll100| 1 « |17x42| 45|27.5 3285| 4853| 5228 17x30| 61| 26.9| 3203|| 4804 5080
80| 1 « j 15x 86| 87283 3370 5055 5380 15 x 24 | 132 2721 3277 4916 5160
801+ «“ 1 16 x42( 651 29.0) 3424 5135 548016 x 24 || 115|| 27.5| 3274 4911 5171
801+ « 17 x 42| 57| 29.3| 3488 5232 5607 17x 30| 79| 28.5| 3393 5089 5365
8014 ¢« | 19 x 48 40_ 30.11 3500 5250 56'{6 ‘ 19x 30| 64| 28.9| 3400 5100 5420
60t 4 «“ M 17x42( 81 ! 31.8] 3741 5612 5987117 x 30 112| 30.7 ! 3655 5482 ‘ 5758
60 1 « 119x48 561 32.9 | 3826 5738 6164119%x 30| 91| 31.2 1 3671 5506 | 5826
-60| 1 « }21 x 48] 491 32.9| 3826 5738 6226 | 21 x 30| 74| 31.9| 3752 5628 ] 5994
60 1 ¢« 123x54 341 33.9| 3897| 5846 6396123 x 36| 51| 32.8| 3814 5721 6133

| ; - |
arcke | 12x 86| 86| 31.3 3783 $56659| $5879|| 12 x 18| 146 29.2 ‘ 3561 $5342| $5507

100} § « 113x 36| 60| 82.11 3822 5732 59851113 x 21l 105| 30.2| 3639 5458 5648
+ ¢ 114x36| 52| 32.2 3833 5750 6026114x 21| 90| 30.7| 3700 5550 5757

=
(=3
=

80 « 113x36| 76| 33.7| 4012| 6017 6270f13x21| 132| 32.0| 3855| 5783 5973

80 é “ |14x 36| 66( 341 4060( 6080| 6356 14x21) 114/ 32.3 3892/ 5838| 6045

80| & « |15x36| 56| 344 4095| 6143 6468|15x24| 87 33.1| 3988|| 5982 6226

80[ 4 « |16x42| 48 34.6 4071|| 6107| 6452 16x24| 75| 33.4 3979 5968| 6228

60| 3 « [15x 36| 78| 37.0 4405 6607 6932‘\15x24 118 85,1 4229| 6343 6587

60 1 « [16x42| 58 |87.8 4447|| 6671 7016|16x24| 103| 35.6  4238| 6357 6617

)1 60 4 « 17><42.l 51 88.2) 4494/ 6741| 7116417x30| 71 37.1! 4417|6625 6901

100 Sk | 11301 90(1 37.0 4458|| $6687| $6880(|11x 18| 151|| 35.0| 4268 $6402' $6547 |

100/ 3 « [12x 30| 75|87.3 4494 6741 6953 ]12x18| 127| 35.5| 4329| 6494 6653

1100 § « 13><36[I 53 38.3| 4560 6839 7084(13x21| 92| 36.5| 4398|| 6596 6780

| 80| 4 « [12x30] 95‘!- 39.0| 4699| 7048| 17260[12x18| 160 87.3 4549|| 6824 . 6983

| 80 & « |13x36| 67|39.9 4750| 7125 737013x21| 115| 38.3| 4614| 6922 7106

‘ 80 4 ¢ [14x36| 59 40.1| 4774| 7161| 7428(14x21| 97|/ 38.7| 4663) 6994 7194
\ 80 & « 115x36 50 40.6| 4883| 17325 7641)15x24| 76| 39.4| 4747 7120 7357
‘ 60 3 ¢ |14x36 77/ 427 5083| 17625 789214x21| 134\ 40.4| 4865 | 7297 7497

6015 « |15%x 36| 67143.2 5142|| 17714, 8030 |15x24| 102/ 41.3| 4976 | 7464 7701 |

| 60 4 « 1642 50 | 44.1| 5188| 7782| 8117|16x 24| 88| 42.0| 5000 7500| 7751 |

LAY . 8201 17x 30| 611l 43.4| 5148| 17715| 7981 |

17Tx 42 44) 44.4| 5224 7836
\ = e — e
t | i [ | |
]25 1100 istr()ke“i15><36 84/ 26.1) 3908|| $5862| $618715x24 128| 25.1| 3780 $5670 5914

ilOO 1« 116x42] 63| 26.7| 3926| 5890| 6235[16x24 111} 25.4 3779|5668 5928 |
H P 1100 1 « [17Tx42| 56 26.8| 3941| 5912 6287 [17x 30| 77| 26.2| 3900| 5850 6126 ‘

R 80| 3 « [17x42| 72| 28.4| 4176| 6165 6540 |17x30 \ 99| 27.7| 4121 6182 |
19x 48| 50| 29.4| 4273|| 6410 6836|19x30| 80| 28.1| 4132| 6198
91x 48| 43|/ 29.4] 4273| 6410| 6898[21x30| 66| 28.6| 4266/ 6309

19x 48| 60| 31.9| 4637| 6935| 7381[19x30] 113 30.4| 4471} 6706
21 x 48l 61| 32.1| 4666|| 6999| 7487[21x30| 93| 30.9| 4545| 6818
l - — -

~ o~

R
(=)
AR AR

Continued on ||
next page. .I 60
i

~
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e




16 Tables showing Power, &c., of Non-Condensing Stationary Steam Engines,
! : = o LON& STROKE EiNGVINES SHORT STROKE ENGINES
| STEAM Gl
' | exeve i WATER o 288 Fowsa wauxn | ENGINE bl ‘ or a3 rowsa xixeo
' 2 B c D E || F G| P 1 2 & T, o ¢ o .
f o “Size and | _ ToraL || ' Size and ” P TotaLg T
sor i) v [P £\ N e oot o | BeUER 2 |y g e or o)
HORSE E-EE GEN P T | ;S:g_ per Horse || at $8.00 g]n::::s:f s | ozl “__Eé Pey }I;Iors:: Hat $8.00 | o) cont of
Egg 1 g E | © = || Hour | Power Engine E’ £ 2 Hour oW . i Eagnh
POWER E%E‘ Cut-oﬁ'i el ‘% named || per Ton | jpeluded) Ala | g name | per Ton inclued)
iaéa 'k oo | Ths. In | In | Tbs | Tne |
, . ==l |
| | | l
| 60 93x 54| 42| 83.2| 4770| $7155| $770523x 36| 64| 31.9| 4637 $6955| $T367
125 | 60 %“f?h 94x54| 39| 332| 4770 7155 7770|2436 59| 32.0| 4651 6977 7438
H. P. | | |
100 13x36| 76| 31.3| 4658| $6987| §724013x 21 131] 29.2) 4398 §6596 $6786
Concluded. |7 10 i"f‘l‘“’ 14x36| 65| 314 4673 7009| 7285|14x 21 118 29.7| 4472 6708| 6915
100/ 4 « |15x36| 57/ 817| 4717| 7076 7401[15x24 86| 30.5| 4593  6889| 7133
1100| 4 « [16x42| 43| 32.3| 4739| 7109 7454|16x24| 77| 30.T| 4569  6853| 17113
80| 3 « |14x36| s2|[83.1| 4025 7388| 7664)|14x21 125’31.8 4789 7183 1390
80| 3 « |15x36] 71| 33.6 5000 7500 7825[15x24 109 32.3| 4864 7296, 17540
80| 4 « |16x42| 53|/ 343| 5044| 7566| 7911[16x24 95| 32.6| 4851 7977| 7587
S|4 « |17x42| 47 344 5059 7588| 7963|1730 65| 33.6) 5000 7500/ 7776
60| 3 « |16x42| 73||30.9| 5426 8140/ 8485]16x24 128) 345| 5169  7753| 8013
60| 4 « [17x42| 64|87.1| 5456| 8184| 8559|17x30| 89( 86.0| 5357 8036 8312
60| 3 « |19x48| 45383 5567] 8350 8776]19%30] 72’36.5 5368 8052 8372
| i
| |
100 | Famke | 12 30| 94| 36.5| 5497) $8245| $8457|12x18) 159 346/ 5274 7911/ $8070
100| & « [18x36| 66| 37.3| 5351( 8326| 8571|13x21| 115| 35.5| 5346 8020 8204
100| 2 « |14x36| 57)37.6| 5595 8393 8660 14><21‘ 99| 35.8| 5392  8088| 8288
100 4 « |15x36| 50| 37.8| 5625| 8438 8754|15x24| 75 36.7 5525 8288| 8525
80| 4 « 113x36| 84(39.1| 5819|| 8729 8974 13x21| 144/ 37.5| 5648  8472| 8656
80| 2 « |14x36| 73| 39.4| 5363| 8795 9040[14x21|124| 87.7| 5677 8515| 8715
80| 1 « [15x36| 62 39.8 5923|| 8884| 9200|15%24| 95| 38.6 5813 8720| 8957
80| 3 « [16x42| 47|/40.4| 5941|| 8912 9247|16x24 | 82| 38.9| 5790, 8685| 8936
80| 4 « [17x42| 41| 40.6| 5971| 8957| 9322||17x30| 57‘39.8 5923| $884| 9150
60| & « 115%36| 84/ 421| 6265| 9397 97T13||15x24 127| 40.4| 6080/ 9120| 9357
60| 4 « [16x42| 63](43.1| 6338 9507 9s42|16x 24 111| 40.8| 6072 9108/ 9359
60] 3 ¢ |17x42| 55|(43.4| 6382] 9574| 9939(/17x30| 77 | 42.2| 6280 9420 9686
, v | | ‘ | -
1 O 1100 | Lomike | 16 x 42| 751 26.2| 4624 $6935| $7280( 16 x 24| 133|| 24.9| 4446 | $6670| $6930
1100| 3 « 17x 42 67| 26.3| 4641 6962| 7337||17x30| 92|/ 95.7| 4590 6885| 7161
I p. (|100) %« 119x48) 46/ 26.9| 4692/ 7038| 7464|19x30| 75| 9259  4571| 6856 7176
PTT 000 €} 91x 48] 40§ 271 4704| 7055 754312130 61| 26.4| 4659 | 6988| 7354
80| § « 119x48| 60| 28.7| 5006\ 7509 7935|19x30| 96/ 27.6| 4871| 7306 7696
| 801 & ¢ 121x48) 52 289 5041|| 7561| 8049)21x30| 79/ 28.0| 4941 7413 = 7779
801 % “ 123x54) 36| 29.6| 5108) 7655 820593x36| 54987  5006| 7509 7921
| 601 ¢« 121x48) 73|31.4] 5477|| 8216| 8704|21x30|112|30.2| 5330 7995 8361
60 4 « 123x54| 50| 82.6| 5621| 8431 8981[23x36] 76 31.3| 5469 8188 8600
| 601 % % H24x 54y 46| 39.7) 5638\ 8457 9072)|24x86| 70| 81.4| 5477/ S215| 8676
1,601 3 « 1926x54] 40(132.7) 5638| 8457 9112|26x42| 51(32.0| 5581/ 8372 8863
601 ¢ © |27x00) 331831 5642| 8463 9178|927x42| 4932.2| 5552/ 8328 8864
60i T “ |28x60) 30(333| 5619| 8429 9205|28x48| 39|32.6| 5621/ 8432 9014
i |
100 | Fatroke | 14 %36 78|/ 80.7| 5482| $8223| $8499|14x 21| 135/ 28.9| 599 8
Continued on || f « [ . 31 87834 $8041
ey )1”(& %} 1 15x36| 68] 8L.0| 5536 8304| 8629 15x24 103| 29.8| 5409| 8119| 8363




Tables showing Power, &c., of Non-Condensing Statlonary Steam Engines,

¥

|

T, = . : s e O TITR UL 45
ONG STROKE ENGINES N
A : - SHORT STROKE ENGINES
.’ ' BSGINE || WATER || op vam romen nauw | ENGINE wibiy -~ |  SETIIEREE,
A I B c DER |6 ; F [ ; H [ D E r T e || = 1
%8 ‘ Is)ize and| e ToraL 1 Hian | Size and . TorarL |
NET © E . esigna- | g er Hour » || Desi -1 "Zi ' | Per Hour T >
CEER PO uen | s |[LLP T R || For Coal e s oo | = [MIE. ; Fox Mour | For Coal | ~OTA
HORSE |[Z2e| of I™Tg (25| P | Fowe |lat $8.00 | ancosor | o [ 5 | 52 || PO | Home |argsoo| (oterett
5S¢ | E -=§ | s =l m Power e E :é ,.f: = Power on cost ol
S See } In. | In. Lbs. | Lbs. In. | In. | Lbs. | Lbs.
= |
1 100 | Fsteoke(f 16 x 42| 511'31.7| 5594 88391| 8736 [16x24| 92| 30.0| 5357| $8035| §8295
f 100 9 3 ¢ 117x42)| 45 32.0| 5647 8471| 8846 |17x 30| 68| 30.7| 5480 8220 8496
! 801 % ¢« I15x 36| 85| 32.8| 5857 8786| 9111 |15x24| 131| 31.4| 5675 8512 8756
Concluded. 80 4 « 116x42] 64| 33.6| 5929 8894 9239 [16x 24| 114 32.0| 5714 8571 8831
' 80 % «“ [17x42|| 57 83.8| 5964 8947 9323117x80 78| 33.0 5893 8839 Q115
80| & ¢« [ 19x48 4:0i 34.6( 6035 9053| 9479(19x30| 63| 33.3 ‘ 5877 8815 9135
60 & ¢“ 11Tx42| 77| 386.1| 6371 9556 *9931{117 x 30 | 107 35.0 6250 | 9370 9646
60| & « l 19x 48] 53|/ 87.5| 6541 98111 10237|19x30| 75! 36.3 ” 6406|| 9609 ()
604 ¢ 121 x48| 46| 37.8| 6594 9891 | 10379121 x 30 ‘ 71( 36.3 6406 ‘ 9609 99
- | | l
1100 ] Zpoke f 18 36| 79| 36.7| 6554| §9830| 10075 |13 x21 138 34. 9 6307| $9461| $9645
100 | & « 14 x36] 68| 36.9| 6589 9884 10151 |14 x21! 118} 35. 3| 6379 9568 9768
100 & « 115x36, 60| 37.1| 6625 9938 10254 115%x 24| 91| 35.9 6488 9732 9969
100 & ¢ 116 x42 ;} 5411 37.1| 6547 9821 10156 |16 x 24 1 78 36.3| 64821 9723 9974
| 80| & ¢« 1Il'14 % 36 | 88]138.7| 6911 10367| 10634 |14x 21| 149 | 370 6687 ! 10030 10230
Il 80| 2 ¢« 115%36 | 7511 89.0] 6964| 10446| 10762 |15 x24 114 37.9 ‘ 68491 10273 10510
[ 80| 2 « |16 x42 56l 39.8| 7107|| 10661| 10996 |16 x 24 -98|38.3 6840| 10260, 10511
80| 2 « [17x42" 49| 40.0| 7143| 10714 11079 [17x30| 68| ‘ 39.2 7000{ 10500| 10766
601 2 « I16x42 75 || 42.2| T536| 11304| 11639 [16x 24 133 40.0| 7143 | 10814 11065
60 2 « 117x42 66| 42.6| T607| 11411 11776 17 x 80 92| 41.4| 7393| 11089| 11355
60 2 « §119x48 461 43.7| 7712| 11568 11982 19x30 75| 41:9 l 7394| 11091, 11401
60 2 ¢« 121 x48 40| 44.0| 7765| 11647| 1212221 x 30| 61| 42.8| 7553 | 11330| 11686
: ! I ‘ |
175 100 ke | 1742 7S 259 5332 | 87999 $8874 |17 x 30 107| 25.2| 5250| §7875 88151
100 L ¢ [[19x48| 54 26.5| 5392 8089 | 8515119 x30 87 25.6| 5270 7905 8225
H P (100 | 1.4 | 21 x48 47 26.6 5413 8119 8607 [21x30 71/ 26.0 5353 8029 8395
" 80 + ¢« |19x48 70, 28.2| 5738 | 8608 9034]19x30 113 27.1 5577 8365| 8685
( 80) &+ “ H21x48 60/ 28.4| 5779, 8669 9157121x30, 92 ‘ 27.8| 5723\ 8584 8950
80|+« [l23x54 42129.2| 5874 8810| 93860[23x36| 63| 28.2| 5730 8595 9007 |
| 80| % ¢« ll24x54 38204 5914\ 8871 9486|24x36 58 | 28.4 5780‘ 8670 9131
:' 60 L ¢ 283 x 54| 58| 32.1 6457‘! 9686 | 10236 | 23 x 86 89| 30.7| 6256| 9384 9796 |
[ 60 % ¢« [24x54 54| 32.1| 6457 |, 96861 10301 124:)(36 8211 30.9| 6291| 9436 9897
’ 60 & “ 26x54 463822 6477 9716| 10371 [26x42 60| 31.4| 6387l 9581| 10072
| 60| 3 « §127x60| 38| 32.7| 6503 | 9754 10469 | 27 x 42 5511 31.7| 63761 9565| 10101
60|+ ¢ [[28x60| 35 | 82.8| 6523 9784 | 10560128 x4S 45| 32.2| 6477 9716 10298
[ 60+ ¢ 1130x 60| 31} 33.0 6563 | 9844 | 10684 |30x48 40 |32.4| 6517 97T 10406
4 l |
100 | $sioke | 1536 791 30.4| 6333 89500 89825‘ 15x24 121 H 29.1| 6135| $9203| 89447
l100 4 ¢ h16x42| 59 31.2 64‘)4| 9635 99801 16 x 24 1081 29.4]| 6125 9187 9447
100 |  « ' 17x42 52| 31.4| 6465 9697 1007217 % 30 80| 80.0| 6250 9375 9651
80 “ 116 x42 70 | 82.9| 6774| 10160/ 10505 16 x 24 132 8| 6512)] 9768| 10028
l 1
[ 80| % “ |17x42] 33.2| 6835! 10253| 10628 17x30! 92| 32.4| 6750 | 10125| 10401
r .
. 180 % « [[19x48 46 ' 34.1| 6939 10408| 10834 [19x30 74| 32.8| 6753/ 10129 10449
Ci’ék‘fg:‘gé’“ S0 | “21 x 48 40] 34.2| 6959 10439| 10927 21x 30| 61 | 83.2] 6835/ 10252| 10618
: x | I : g J {




Tables showing Power, &c., of Non-Condensing Stationary Steam Engines.

|

[ 18
] H 7 LONiGrsTROKE ENGINES SHORT STROKE ENGINES
| STEAM E ,
! ! ENGINE [ WATER l O T TEARS ‘ ENGINE ! WATER o Tusas
A |y c | » E || F el T v, el SN H | I
Ry o -f Sipend) | Per e l‘ T Siazs? ixnad‘ g ; Per | g For Coal | ToTAL
5 i -l @ | i OTAL, ol (% | Per Hour | >
NET ‘ §§§ Point Detsil(;gl;m ;:,5 LI P P;)rrlthﬁrl For Coal {\ ti(f);n E‘E L2 | for Net | IR -
HORSE |55z of 75| S5 per | Home | at$8.00| Guod j——o| 2 8 || per | Home | at $8.00 .
| “gg g‘ Cut-oﬂ" -s g % i | Hoert Powcg T 0;:;5“: | E & E’i 3, il f:r:::l er Ton ’ B
POWER ‘;?; Q. & é) name | per lon included) = wo| e | {3 P \ included)
| “:.En. T L ! Lbs.: Llls‘___f In, | In | Lbs. | Lbs. |
| o (T VR ! 2 | ‘ |
| | ! .
! | 60 3umke]19% 48 69’36.9 7509 §11263 §11689 | 19 x 30 | 142| 83.7 6938810407 $10727
175 [ 60 & ¢« [21x48| 5437.0 7599 | 11294 | 11782]21x 30| 83| 35.6 7330 10995 11361
60 % ¢ 123 x54] 37| 38.2] 7684 | 11526 | 12076123 x 36| 56| 36.8 7489| 11233 11645
H.P. | 604« f24x54| 34 38.3‘ 7704| 11556| 12171|24x 36 52| 36.9 7509| 11263 11724
Concluded. i [ | i
" o
il | ‘
[100 2 stroke | 1436 801 36.2 7542.'%11312»$11579 14 x 21 138|' 34.6 7271(/810906 $11106
!100 g « ;‘15><36 70| 36.5| 7604 11406 | 1172215 x 24| 105| 35.3| T442 11163 11400
! 100 4 “ ji6x42' 63 36.7| 7556 11334 11669‘ 16 x24 92| 385.71 7437| 11158 11409
| 100 4 “-f17x 42 46i 374 7782 11674| 12039 |17x 30! 64 | 36.7| 7646 11469 11735
80 2 « |15x36| 87/ 38.5| 8021| 12031 12347!15x 24| 133| 37.3, 7864|| 11796 1203
80 4 ¢« 116x42 65| 39.2 8071“ 12106; 12441116 x 24 | 115 37.6| 78331 11750| 12001
S0 “« 117x42| 58189.4] 8112 12168 | 1253317 x30| 80|/ 38.6| 8042 12063 12329
80 “ 119x48 | 40/ 40.83| 8201 || 12301 | 12715[19%x 380, 65| 89.0{ 8030 12045 12355
. | [ ‘
60 & «“ 17x42 78;‘ 41.8 8606|‘ 12909 | 13274; 17x30 107 40.6 8460 12690, 12956
60 % ¢ [19x48, 54| 43.0] 8750 13125 18539119x30 87| 41.2 8483 12724 | 13034
_GO#Q g 7.21><48 47 43.]\ 8770|1 13156 13631([21x30 | 71|/ 41.9] 8627, 12940 | 13296
| | | [ " ' I
| & 100 | % steoke ‘19><48 61: 26.2| 6070/ $9104| $£9530[19 x 30 100 25.2 5930 ‘ $8895| $9215
f A 1100 | % “‘ 21 x48 | 53| 26.3| 6116 9174 9662 | 21 x 30 81/ 25.6. 6024| 9036 9402
! 0P 100 & “ 123x54 37 27.0 620‘7} 9310 9860123 x 36| 56| 26.2| 6093 9139 9551
{ [ 80f+ « |21 x48| 69| 28.0f 6512 9767 10255 |21 x 30 105 || 27.0I 6353 9529 9895
|' 80+ ¢“ |23 x54 48| 28.8 6621; 9931 | 10481]23x386 | 72 27.8| 6465 9697 10109
5 80| % « 224x54 44‘ 29.0 6667f 10000 | 10615 | 24 x 36 if 66| 28.0| 6512 9768 10229
' 80| 1 ¢ |26 x 54 37} 29.0| 6667| 10000 1065526 x42| 48| 28.4| 6605 9907 10398
| 80| 4 « {27><60‘ 31/ 29.3| 6667 10000 10715| 2Tx42 | 45| 28.7| 6598 9897 | 10433
‘ 60! + « :26><E:4‘- 53} 1.7, T287] 10931 11586 j 26 x 42 ] 691 80.9, 7186| 10779 11270
60| + « 127)9(’0. 43| 32.3 7341 11011I 11726 27><42J 631 81.3| 7195 10793 11329
60 % :: 28x 60| 40| 82.4| 7364/ 1104:5‘| 11821 28><4:8‘ 51 31.8! 7195 10798| 11375
I 60| + l30><603‘ 35 32.6‘ 7409 11114 11954 30 x 48 'I 451(132.0| 7356 11034| 11664
| i | | | i | |
; 100 unke | 1536 90/ 20.9 7119 310678$10994]15><24;! 138/ 28.6 6802 $10338 | $10582
1100|4716 x 42 68;l 30.5 7176| 10765 11110|16x24  123| 28.8 6857 | 10285 10545
1001 4 ¢ 1742} 60, 30.9| 7271) 10906 1128111730 91|(29.7| 7072|| 10608 10884
| 100 § « §19x48) 41||31.6| 7349 11023 11449 19x30| 67||30.4| 7153 10729| 11049
\ 80! 4 « §17x42| 76|l 82.7| 7694| 11541 11916/l 17 % 30| 105 31.7 7547: 11320 11596
| 80 % :: l"19x4cS 5211 83.7| 1837|| 11756 12182]19x30| 85| 32.3| 7600/ 11400| 11720
| 23 i % 2(1 x48| 46| 33.7 7837’ 11756 12244121 x30| 69| 32.8| 7718| 11677| 12043
| [19x48( 71|/ 36.2| 8419| 12629 13043/ 19x 30 115 34.4| 8094| 12141| 12461
‘T 60! % :: :21><48\ 62| 36.3| 8442 | ]2663‘i 13151121 x 30| 941 85.0 8235 12352| 12718
l 60 % 123x54| 43375 8621 12931| 1348123 x 36 65| 36.11 8395| 12592 13004
| continuedon || 00| 3 §24x 54 301 37.7) 8667| 13000| 13615|24x36| 59 36.3| s442| 12663| 13124
| “oextpege || 603 « 126x54| 34| 37.7| 8667! 13000| 13655 ; ) !
1 t pag l | ' H ‘ 5|26 ><42‘ 4511 36.9| 8581 | 12872| 13363




Tables showing Power, &c., of Non-Condensing Stationary Steam Engines, 19
\ 2 LONG STROKE ENGINES i SHORT STROKE ENGINES 7
| mone | wamen || OSTPERIEAR | gvome || waren | SOSTPERYEAR
A B okt D E EE F o 1 | B ! iR I
52 l Sizg and z ToraL || i | Size and E TOTAL -
NET ’:' 5: Point | Def.xflxlm- g _llileli) Per Hour | For (oal | ToTAL, Dets}gna, g [I;]eti) Per Hour || For Coal | TOTALs |
ZRE L cge  LHEY for Ne 1on g8 LULLE| forNe
HORSE ES é of i é Z | per | I—Iorset | at $8.00 ‘ (Intertestf ; } ol 2 Ell per fHo‘::zet | at $8.00 (]nte':“f
52z S s =ln Power | SR o0 e T::‘ 2\l Power b L
POWER |(|B& Cutof} & | & 5 | ") owmet | permon| Pogive § £ 2 E | ™| nmed | purqon | i
;E E QE ‘ InsstS I Lbs Lbs. H in. | In. Lbs. Lbs. [
I ‘ ; l ;“ | |
, ! ‘ | |
100 Bunke| 15x36 S0 35.9| 8548812821 §13137{15x24 121| 34.9| 8410 $12615 | $12852 |
'IOOI 2 ¢« 116x42 59 36.8| 8659 | 12988 13323116x24 105| 35.2| 8381 12572 12823 |
1100 § « (17Tx42 52 37.0 8‘706‘ 13059 13424 [17x 30 73| 36.1| 8595 12892 13158 |
Gonpinded! ' 80‘ 2« 116x42 T4 38.8| 9129 | 13694 14029 116x 24 131 37.2| 8857 13285| 13536 |
L 80| 2 « 11Tx42 66/39.0| 9176 13765 14130117x30 911 38.2| 9095 | 13642, 13908 |
| 80 2 ¢ 119 x48 4Gi 39.8 ‘)‘)DGI 13884 | 14298i19x30 74| 38.6| 9083 13624 13934 |
‘ 60 § ¢« j19x48 61 | 42.5| 9884 14826 P5040 19x30 99| 40.6| 9553 & 14329 14639
160 2 ¢« 121 x48 53| 42.7 9930\ 14895 15370|21x30 81| 41.3| 9718 14577 14933
| 6002 ¢ 123x54 37| 437 1004(% 15069 1569_% (23 ><_36_>w?56 ' 42.4| 9861 14791 _1:_3192_
y l
1 gl {
1100 istroke 19x 48] 69 25.8| 6750810125 |$10551 (19 x 30| 112! 24.9| 6588|| $9882| $10202 |
5 100| 4 « 121x48| 53 26.3| 6881 10321 | 1080921 x 30| 92| 25.3| 6706, 10059 10425 |
H 100 + | 23 x 54| 41 26.7| 6905 10358| 10908]23x36( 63| 25.9{ 6779|| 10168 10580
- P 100| + “ 124x 54| 38 26.7| 6905 | 10358| 10973 |24x 36| 58 26.0 6803 10204, 10665 |
80| % « [|23x54| 54 [! 28.5| 7371| 11057| 1160723 x 36| 81 27.5| 7198|| 10797 11209
80| % ¢« [124x 54| 491 28.6| 7397| 11095| 11720 124x 36| 75  27.6] 7221 10831 11292
804 ¢« [[26x 54| 42 2871 7422 11134| 11789126 x 42| 55| 28.0| 7326| 10988 11479
80 % ¢« [27x60| 35 29.0| 7415| 11122 1183727 x 42| 50| 28.3| 7318/ 10978| 11514
80| 4+ ¢« [128x 60 32 29.0 7415l 11122 | 11898128 x48| 41| 28.6| 7386| 11078| 11660.
60 % ¢« |1 27x 60 ! 48 31.9| 8156 12234| 129491927x 42| 70| 30.8| 7966 11948 .12484
[ 60 %+ ¢« [I28 x 60 II 45 32.0 8181 [ 12273 | 13049 {28 x 48| 57| 31.3| 8095| 12142 12724
Il 6011 ¢« 130x60| 40 32.2 3| 12349 | 13189|30x48| 50| 31.6| 8172 12259, 12889 ‘
100 %smke 16 x 42 I( 76\: 30.3] 8021 || $12031 $12376 f 16 x 24| 138 28, 5, 7631 | 811446 $11706
100 4 ¢ 117x42) 67 30.4| 8047 12071 12446 ‘1‘7><30} 103 28.9| 7738| 11607 l.188§ |
100 1 ¢ 119x48| 47 31.3, 8189 12283| 12709119 x 30; 751 9299 79171 11875, 12195
80| % ¢ [[19x 48| 59| 33.2 8688 | 13029| 1345519 x30| 95| 32.1 [ 8494 12741 13061
80| 4 ¢ 121 x48) 51 33.3 8724[' 13086 | 13574[21x30| 78 39 5 8600| 12900 13266
80| 4 ¢ 23 x 54 35: 34.2| 8845| 13267 1381723 x 36 54 33.1| 8663 12994 13406 \
[ 60| % ¢« 121 x48| 70, 35.7| 9340 i 14010 14498 |21 % 30| 106 34.0 9129/| 13693 14059 |
| 60 % « |[23x54| 48 371| 9595| 14392 14942 23 x 36 781 35.6| 9314 13971 14383
| 60| 3 ¢ |24x54| 44| 37.3| 9658 14487| 15102 24x 36| 67| 35.8' 9360 | 14040 14501
604 ¢ |26x54| 38 37.3 9658 14487| 15142|26x42| 50| 36.2 9471 ' 14196 14687 ;
60 % ¢« 27x60) 31| 37.8 9665{‘ 14497 15212127 x 42 “ 41 37.2“ 9621 14431 | 14967 |
| | Ll
100 %strokf 15x 36| 90| 35.6 9536;|$14304 214620 .15><2~L| 136, 34.5| 9349 $14023 $14260
1100 2 ¢ |[16x42] 67| 36.3|.9609, 14413| 14748 116 x 24 118| 34.6 9262 | 13893 14144
{100 § ¢« 17 x42 59i 36.5 966‘)' 14493 | 14858 17x 30| 81| 85.7 9559 | 14338| 14604
‘ 100 £ ¢« 119 x48 41’ 37.2| 9733 | 14699| 1511319 x 30! 66| 36.1, 9553| 14329 14639
80| & ¢« | 17Tx42| 74| 38.6 10218‘ 15326 | 15691 {17 x 30| 103 | 87.7/ 10095 15142 15408
03‘;3:‘;;;’;3“ 80| 8 « [[19x 48| 51 39.5/10334| 15501 15915{19x 30, 83| 38.3 10141| 15212 15522
|




20 Tables showing Power, &c., of Non-Condensing Stationary Steam Engines.
~— P e e i == ey i TS T = e
} LONG STROKE ENGINES I SHORT STROKE ENGINES
STEAM
i ‘  ENGINE WATER Seihae nw ) ENGINE WATER f or ot i it
! A SR ()‘—;j_j—li—-’.E_ F G H 1 | D | E F a ‘ > B 1
{ ! &3 ’ | Sizg and | ToraL l Size and | ToTAL !
| NET ‘: ;Eg Point Detsil(;gnnu-- £ II;leli’ | Pfer Iiox:r For Coal | ToraL, L'Defii(;ssm' & Il:[.]erl’ P:r I:}\m:r |F0r Coal | Toraz,
Bie.2 2 o ||LI L] for Ne } g2 ||+ b for Ne
T | ?gé o — ‘ iz ' per | Horse || at $8.00 (Inter;asc‘tf fl— TG I 2 2 || per | Horse | at $8.00 élncter:s:[
£¢§ - — '—22 | Power OGO E 4 %’3 wer || s )
POWER J $27 Cutoffj 2 | =2 % Moy mmza per Ton | Engine | & 2 | Eoug f:mzd per Ton | Engine
£28 f e included) f_ & | included)
k 3 ; _In. ,,E fle Lbs. | Lbs. ‘_ln; i Ii Lbs. Lbs. |
i [t | :
| | I |
225 ! 80| £stroke | 21 x 48 I 451 89.5110334 || $15501 l$15976' 21 x 30j 68| 38.6 10212 $15318| 815674
(| 60 & « 19x48‘ 691 41.9/10962| 16443 | 16857119x30| 112 40.1 110612 15918| 16228
, Il 60§ ¢ [21x48] 60/ 42.0(10988|| 16483 | 16958121 x 30| 91| 40.7 (10776 16164 16520
|BaRA l 60| 4« 128x54) 41)/43.3 11198 16707| 1733223 36| 63| 41.8 10930 16396 16797
| 601 4 ¢ [24x54] 38434 11224 16836 17436 24 x 361 58| 42.0 | 10988 | 16482 16932
Ti | l T ! l
2“’0 \ 100 | Lstoke [ 21 x 48 67! 25.7| 7465% 811198 (811686121 x30 102 | 25.0/ 7353 |$11029I 811395
D 1100 £ “ [23x54| 46! 26.5| 7615/ 11422| 11972123361 70/ 25.6 7442 11163| 11575 |
o p (100[% ¢ [24x54 49 965| 7615 11422| 12037(24x36| 64/ 957 7465 11198 11659
| 100 1 :: i’26><54 36 26.4| 7586 11379 12034 |26 x 42 | 471 25, 9 7529 [ 11294 | 11785
| 100( t “ 127x60 30! 26.7| 7586, 11379| 12094 2T x421 43| 26, 2 7529 | 11294 11830
_I‘ %O 3 : 23 x -’ji ‘ 60/ 28.21 8102 12153| 12703 |23x36! 90 27. 2. 7907 11860| 12272
” 80 ;iL ¥ ?4xa~1 5511283 8131 | 12197| 12812]24%x36 83 ‘)74 79651 11947 | 12408
Il 80 i ‘Z(Ex {34 46 28.4| 8161 | 12241 | 12896 (26x42| 61278 8081 | 12122 12613
‘ §0 [ 127x 60| 38 28.8| 8182 12273| 12988]127x42| 56/ 28.0 8023 | 12034, 12570
| 80 F; ‘; 28 x 60 36 28 8| 81821 12273 13049 |28 x48 . 45 28.4 8148 12222 12804 |
80| % 2 30x 60 31 99.0 8239 x 12358 | 13198 |30x 48 39 286 ; 8218! 12327 12957
(638 % ! ‘é(S) x60 50 51.6 8979 13469 14945|28x48 63- 31.0 8908 13362 13944
1 x60 44 31.9| 9063| 13594 | 14434 {30 x48 56 31.2 j 8966 13448 14078
100 | $stroke [ 1742 75 30.0| 8824 $13235 | 813610 17 x 30 114 | 28 Si 8571 | 12857 | 81
100| % :: %9 x48 " 52 30.9| 8983| 18474 b‘13910 19x30/ 84 28:8 8:0&71 $12706 $1§(1)Sg
128 % ¥ I{l) xig 43 31.3 90991 13648 | 14136 | 21 x 30 73 29.91 8788 | 13182 | 18548
3 X 66 32.9| 9564| 14346 14772 |19 x 30 106 31.4| 9235 138
80| 3 f‘ 21 x48 | 57 33.0] 9593 14390 14878 121 x 30! 87! 32.1| 9435 141252) %ifig%
80 % 123 x54 39 33.0| 9483/ 14994 14774123 % 36, 60 51
it o Fees 174 | 28 x 829 9560 14340 14752
o ; s X ;4 32 33.0| 9483 | 14224 | 14839124x36 55 832.9! 9560 14340 | 14501
X 53 36.6 10515 15773 16323|23%x36 81 35.1/1019 5
60(% “ 2454 49| 36.9 10613 15920| 1653524 %36, 74| 35.4 1029'17 }gigg f}ggg;
60| ¢ :: 26x 54| 42 36.9 10613 15920 | 16575 |26 x42 56 36:0 110465 15698| 16189
60| 3 ;27 x60 34 37.4/10625 15938| 16653 [27x42 50 36.4 10460 15690 16‘);6
60| & « j28><60 32» 37.4 10625‘ 15938 | 16714 |28 x48 41 36..8 10563 15845 16257
1100 Surke | 16 x42 | 74| 35.9 10559i $15838 | $16173 | 16 e
o v X 24 2
100/ ¢ € §17x42| 66| 36.2|10647 15971| 16336 17 % 30 1311 gg’i %8533 $i§§3§f $igggg 5
‘120 § C 119 x48| 45 87.0 110756 16134 | 16548 119x%30 71 35:7 10494 | 15741 | 16051 1
0 ¢ |19 x 481 57] 39.1 [11366] 1 7049 | 17463119 )
SO| 3 « |21x48 50| 30.2|11395 17093 17568 | 21 §§8 2? §§'§‘ }}‘gg 12282 }3312
‘ 28 ; 23x 547 351 89.9 11463] 17195‘ 1773023 x 36 592 39:0 11§37 17005 | 17406
| “ 121 x48! 671 41.6 [12093| 18140| 18615 |
gg g g gi X5i 46/ 42.9 12393] 18491 19026 géigg 122 i% 'Eggg i§8‘38 igigf
24 % 5 42 43.1(12385| 18578 19178 | 24 x 36 41. 12
60 % 126x54| 36 43.0(12356| 18534| 191 Xiot 4] a1 | iassn] oiot S
6 0112 8 72126x42" 471 42.1|12238 357
60 « lo 18357 | 18835
l ir (x60| 30 43.4! 2}2330- 18494 | 19191 [927x42 43 42.6 ; 12241 | 18362| 18885




Tables showing Power, &c., of Non-Condensing Stationary Steam Engines. 21
; LONG STROKE ENGINES « SHORT STROKE ENGINES
STEAM , ‘ -
| ENGINE WATER e Eae I BT ’ WATER } o W XRAS:
A B c D E F G H ‘| 1 D E || F G oL | | 1
42 T%IS)ize‘ and | 1 Per ToTAL \ Sizeand | =~ - | Torar ||
Lo PR R A P s et e Y O o Lt B
HORSE ezel  of o £ 2 || per Horse || at $8 00 {fntezast — £ & | per | Horme lat 28.00 (Interest |
OWE gég‘ 8 @ |8 , named || per Ton included) | = @l 8 ‘ named :per Ton mclﬁ:led)
} In. | In | | Lbs. | Lbs. | . ' || Loe. | Los. |
| % l
. } | | :
100 | Tatroke [ 21 x 48| 74| 25.5| 8154 ||$12231 812719121 x 30| 112|| 24.8| 8023 1812034 | £12400
275 100 1% |23x 54| 51 26.2| 8295| 12443 12993|23%36| 77| 25.4 8116 12174| 12586 |
100 L « 24 x 54 46| 26.2| 8282 12422| 13037 24x36| 71| 25.5| 8163 | 12244 12705
ELER 100 % ¢ |26 x 54| 40‘ 26.2| 8282 12422 13077i‘26x42 5211 25.7| 8218|| 12827 12818
100 « [27x60| 33 26.4| 8250| 12375 13090 27 x 42 ’ 4711 25.9| 8187 12280 12816
1100] 1 « ‘28><60 30’ 26.5| 8281 12422 13198 28x 48| 391/ 26.1| 8250 | 12375| 12957
80| & \24><54} 61| 28.0| 8851 13277 13892% 24 x 36 88i 27.2| 8651 12977 13438
80| L ¢ [26x54] 51} 928.2  8914| 13371 | 14026 i26><42' 671 27.5| 8794| 13190| 13681
80| 1 « |27x60| 42/ 285 8906/ 13359| 14074 27 x 42 61l 27.8| 8787| 13181 18717
801 « [128x60| 89| 28.6 8937‘ 13406 | 1418228 x 48| 50 28.1| 8882 13323| 13405
80 I « |30x60 33! 287 9084. 13625 144653048 43 25.4| 8988 13483| 14113
60| 1 « 13O>< 60 ’ 48” 31.6| 9875 14813’ 15653‘ 30 x 48 62? 30.9| 9767|| 14651 15281
| { |
\ | i | ‘ 1 I ’
! - Il ‘ 1 | ‘ .
100 | % siroko | 19 x 48! 57| 30.4 9721’ 814581 8150071 19><30[ 921 29.4| 9472 $14208 | $14528
11100} & « 21 ><48| 47( 30.9| 9881 14821 15309 | 21 x 30 801 29.5| 9553 | 14329 14695
1100 4 ¢ 123 x 54 34’ 31.6| 9989| 14984 15534;323x36 ’ 52’ 30.5| 9744 | 14616 15028
80| 4 « 19><48| 73 82.6 10424|| 15636 16062 |19x 30| 117||81.2 /10004 15141| 15461
804 ¢ [21x48| 63 32.7i10456 15685 | 16173 {21 %30 | 96 317110240 | 15360 15726
80| % ¢« [23x54| 43| 33.7 10652 15978 1652823 x36| 66| 32.5 10384:L 15576| 15988
80| & « |24x54 40; 33.8 10684} 16026 16641‘ 24;(36}‘ 60. 32.7/10465| 15697 16158
60| % « |23x 54| 58| 36.3 11474 17211 177611 28 x 36! 89 34.8]11130‘ 16695, 17107
| 6014 « |24x54| 54 364 11502 17253| 17868 [24x 36| 82| 35.0 11151 | 16726/ 17187
il 60 £ 1126 x 54| 46 36.5(11537|| 17306 | 17961 | 26 x 42 | 61} 35.6 11384 17076 17567
| 60| & ¢ ‘27><60 38/ 87.1/11594 | 17391 | 18106 [27x42| 55| 36.0 11379 17069 17605
|60 3 ¢ 128x60 35[ 37.2111625 | 17438 18214 [28x48| 45| 36.4|11506| 17259 | 17841
| 60| % « \’30><60l 31! 87.4|11687|| 17531 18371% 30x48] 3 36.9 (11664 | 17496| -18126
] l i i @ I
| | ’ | | |- ".
‘ 100 | % stroke | 28 x 54 55” 96.0| 8965 | $13448|$13998 | 23 x 86| 84| 25.2| 8791 §13186 813598
100 & ¢ |24 x54| 50 26.0 8965i' 13448 14063 | 24 x 36 | 771 25.8| 8825| 13238| 13699
H.pP e i 100| + « | 26x54| 43| 26.1| 9000 | 13500 14155126 x 42| 56| 25.5| 8895 13343| 13834
* &0 11100 2 « #127x 60| 36| 26.3 8966 13449 | 14164]27x 421 52| 25.7| 8839| 13259 | 13795
(100 £ "28><60 33|l 26.3 8966}; 13449 | 14225 28 x 48| 42“ 25.9| 89311l 13397! 13979
80| % « [27x60 46‘ 98.3| 9648| 14479| 1518727 x42| 67| 27.5| 9483| 14224 14760
80|+ « 128x60| 43284 9625 14438| 1521428 x48| 54| 27.9 9621 14431 15013
SOl 4« \‘30><60 38|/ 28.5| 9716 14574 | 15414 [ 30 x 48| 471 28.2| 9724 14:586i 15216
Il J 5 |
100‘ %stmke“|19><48 62 |< 30.2 10535 || 815802 | $16228 19 x 30 | 101 98.9110200 | 15300 | $15620
100 & ¢ 121x48 51| 30.5 10640‘ 15959 1644721 %30 86 29.4|10377 15565i 15931
M K 100 4 ¢ 23 x54 3‘7' 31.3 10793| 16190 | 1674023 ><36I 561 30.3110570|| 15855 16267
Continmedo 11100 | & « 24 x 34| 384 81.3|10793 | 16190 16805‘i24x36 521 80.4 10605 || 15907} 16368
: B Sl | I




22 Tables showing Power, &c., of Non-Condensing Stationary Steam Engines.
= LONG STROKE ENGINES SHORT STROKE ENGINES
STEAM | : ‘
] ENGIXE || warer || S T TEAE 8 ENGINE WATER : oL OST PEREA
I B c D E ‘} F | 6 i H e DN L P (i 8E | I
23 Size and ’ ToTAL h | Sil% and H - P | ToraL
NET %’g‘» Point De:.iognu' & |]I;]erP Per Hour || For Coal | TOTAL, Defilf;:a'_ & 1 ﬂerP | Per Hour|| For Coal | TOTAL,
a5 o8 gg LI for Net | | I &8 [|% % for Net
HORSE €Se| of | T3 gg per | Homse | at $8.00 U“te'fstf gl=g | %E per | Horse at $8.00 é]nt":“f
£58 El 223 Power oncostof Il - £ | 2 V= iy Power || 1 COSHS
| power (§EE|Cutoff 5 | Z | & e e | o eraton JTowoe | 2| & | 8 " aamed || per Ton B4
J SER L oee | IR TN I | 5a. | Lbs. | Lbs.
i ‘ '3 ’ 1
| ] 1 |
i | | | |
80 | ke | 2148 68 32.4 11302 $16953 817441 |21 x 30 104 31.3 11047 $16570 $16936
3 0/ 3 « |23x54 47 83.3/11483 17224 1777423 x 36 721 82,2 11163| 16744 17156
801 ¢« |24x54 43 334 11517. 17276| 17891 [24x36 66 324 11303| 16954 17415
S04 « |26x54] 37|834|11517| 17276| 1793126 x42 48 32.8 11442 17163 17654
Qongiuded. 80 & ¢« §27 ><60 30| 83.9/11557 | 17335| 18050 [27x42 44| 33.1 11414 17121 17657
60§ « 26><54, 50| 36.2|12437 18655| 10310|96x 42, 67| 35.1 12244 18866 18857
60§ ¢ |27 %x60] 41! 36.5(12545% 18818| 19533 27x 42| 60| 35.6 12278| 18417, 18953
i 60( F ¢ 28><60] 38| 36.9 12580 18869 19645 28x 48 49| 36.1 12448, 18672 19254
60| & ¢ | 30x601 341 37.1{12648| 18972 19812: 30x48 42| 36.5 12586 . 18879, 19509
| wae
100 | T siroke || 24 x 54 58 | 25.7/10340 $15510'$161251’ 24 %86 90 25.0/10174 $15261| $15722
1100|  « | 26x 54 50| 25.7(10339 15509 | 1616426 x42 66/ 25.2|10256 15384 15875
(100 1 ¢« (2760 42 25.9|10301 15452 16167 |27x42 60 25.4|10218 15328| 15864
11100 £ ¢ 228 x 60| 39! 25.9/10301 15452 16228 | 28 x 48! 49 25.6(10298 | 15447 16029
100 £ « |30x60 34 26.1/10381 15571 16411|30x4S 43 25.8(10404 15740 16370
l SO % ¢« 130x60 44 28.2/11216 16824‘ 17664 {30 x 48, 55 27.7’11144]1‘ 16716| 17346
| | i :
| [
100 | Fatnke [ 19 48] 72| 29.7/12087 $18131/$18557 | ' |
. (1003 Fa12as| 60l 500|12200 *isais “1sS0% |28 x 90| 100 35| 1isse 17its, 18084
100| & « [23x54 4430912431 18647| 19197[23x 36 66 29.8/12130 | 18195 18607
100( 4 “ |24x54 40| 30.9|12431 18647 1926224 %36 61 29:9}12163 18244 | 18705
-804 « 123x54 5532813195 19793 20343 |93x36 83 318 2
80| 4 “ 124x54 501 33.0/13276 19914 20529, 24 %36 '%f 3%3\%38;‘3 %ggi }3353
80| % 26x54 43 33.013276 19914 20569 |26x42 56 | 32.4 13186 19779 20270
| 8013 127x60 36 33313245 | 19867 20582 [27x 42| 51)32.7/13155 19733| 20269
, 28 1}.“ 28x60 83 33.3/13245 19867 20643 |28x48 42 329 13236 19853 20435
1 2Tx 60 48 36.2(14398 21597 29312 ‘
30C, 3 “ | 2 42 &, < 3
b i:: 2800 45 36.3|14438 21656 92433 2%;:48 57 355 14201 21302 21884
‘ p S0x 60 39 36.6/14670 22006 22846 |30x48 49 36.0|14483 21725 | 292355
2> ¢ K i i L4 I e N ‘\




k]
“

:
;
-
’
r
:
.
:
’
”
( ’
-
. : . .
B -4 k S
"
. ~ - .
L
_ g
1 - - . L
Py y !

7...0. 1

N .
o

N

" 4




o0 AP Z O

I

st e T R B R L S o s > ol
20118 21fl J6 SH°OL2AL 22 n\ﬁ\% 1) [0 Juiq ) | peus fo suviprmnyf ur \\\\ 771) JO 1010, ]
001 0B N og  me ToRtEDe oy pR T ez | or oot e 0w or 09 0r  oF 08 0z o r
04— i Taeg] T i / T | - ; , T T _ , T T 0
—4 I : . ¥ \ [l ;1 i + ) Lo A = - &5 ' 1. - S o -
- \ ) 112 J0 Sperodd jusisffip ,/T;i.l‘ A ) _ /I/Ix i U
- ’ ;o » ? | ! . s 2 . q </ ] 7 . "] ? - S
M ol _ I s 6 sprirnod Apgbry s -+ — o niy fo spoed pun .f\k\\.r{t\\ttt\., R N
ﬁ | Swehay betisiipi ) UGN 1L naf) ~-|+ . 1 \A.v FULLLJLp) 127 20010105 Dittsuipig) o _ M
.ﬁ e LHLLDMOY] ISULOE] DI IPU] 29l prodrsthar T _ » Kjddns o) pacinbae anopy tod a2una,y or S~
R u,!__.il LI JO Sping] [0 doqiirrayT p1r217.022 L--4! i wl | asuap7 prjpripu).sad dNnff fo sp oy . R
R; F- ,rZS% [0 I112.L024f) 21) DULtnoys SHAHL) -} 4! X SO daqruny - sy Gutmoys SHAND) A ]
N o L | _ ! M _ < * 4* “ ,_ _ w _ — oz
- | w 1 ! 1
S AR s o W 19 0 £ ) M6 |
N [ Li I T I
S 550 == e R o
Ny uf 1 |x/ | Cel O i} XA\ S i el Ky
N s ; o | | { I
R\ i i \ / _ ,llwl||+ Ll g + =t — w o
N 0e . | ] | _ 0e
N F 1 1 4 i , _ T (e
f/ R W] )¢ I S / _

\
RANY
7

4774 /)f////-{)// uy Lo ./J/)%/] e

Lownds of 11

1 =T o € !
e B
S ' LA leal d *
0% 5 : - 0@‘.\\4\ _ ! ! “ N\ I ! o / _
| —— 087 + LV\ SEoih -l \gd\ Lo 1 } Q|
s e o o 1% ] RASE e
o _ i H 071 i 4\\\ g = _ 1 ] Um
1 kT MRS
m W B \./ ———— —~ dex * -~ ‘ : ! 09 //!t 1
ad 59 | , | y T |
el P S i Bl s - } de : 4 E .
¥ .)j . ,vj ! Av i .Wuo«x i 1 ! | o _ |
= i e e e O
~ : | I { ! ¥ ] &l
NSk DR s MU SRS RS 8t e =B AN , e e
8k O e e = W S et T i
Sy E B e e M O S 708 ) i “ e e i e el
mm ok, o9 ppuw \WN_\\E\\\ iy fo N | i | _ I g ‘ , | (1
N E C 2oL JAZ2 1107 2ifg LiLL110YS i | ! T X =" : ; 1 1 _ Bt - * ¢ |
R o SUDLODI LOJPIIP U] 4 ol “ | — ﬁ % . vk H ﬁ gk |
- T 3 I _ | i | .._rn? T : S8 ity — =53 | el
ot c_n, ¥ %n. T ...w.., 2 .moWIri%u. ii%x%.i oe 0% or —3 o1 o6 0w or do' o oy ow oz or o

i(-,? I:




N
;ES\IAGRAM No. 1 is intended to show, by inspection, the number of pounds of water
? 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 1bs.

« B 113 113 {3 N 40 ¢
13 O 13 13 113 60 11
« D 13 13 « 80 «
T E « 13 « 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 bs.
and proportion of cut-off .30: .

Find the intersection of the vertical line passing through .80 with the curved line C representing
60 1bs. 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 tbs., 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, €, 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 capaeity, and when the cylinder is greater than ten
cubic feet capacity ; a steam pressure of 80 ibs. 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.




24 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 revolulz’orf, and 4th—TZhe
size of the cylinder. The relative and actual value of each of these has been de.termmed by careful
experiment. By combining together the facts thus obtained, thfa cost of the Indicated .Horse Power
has been ascertained in pounds of water per hour for any desn'ed.steam pressure, point of cut-off,
speed of revolution or size of engine. Such results, for the regular sizes f)f the engines manufactured
at The Novelty Iron Works, are presented in the tables on page 7 et seq., in columns r 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 eompaf'ing
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 Aighest steamn
pressures and revolutions and shortest poinis 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 economieal
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 pressurés, points of cut-off and power developed
are the same; for, although the smaller enginé, at the same speed, Wwould be less economical, at
the higher speeds, necessary to produce the samé 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
steam pressure of 60 Ibs. cut-off at one-quarter of the stroke, in a 17x42 engine, running 49
revolutionis, the cost. ofthe ‘Indicated Horse Power is 83.9 Ihs. of water per hour; while, by using
100 1bs: steam pressure, cut off at one-half of the stroke, in a 10 x 24 engine, ranning 94 revolutions,
the cost is only 81.6 Ibs. of water per hour. ‘So likewise, the same power can be obtained in a
9 x 24 engine, at 102 revolutions, using 100 Ibs. steam pressure, cut off at three-quarters of the stroke,
more cconomically than it can in a 14 x 36 engine at 55 revolutions, using 60 Ibs. steam pressure,
cut off’ at one-half of the stroke. In these cases, the higher steam pressure and revolutions overbalance
greatly the losses due to the less expansion and smaller engine. 4

J and K (No. 8) are Indicator Diagrams, which are intended to show the comparative value
of regulating speed by the throttle or by the cut-off. The diagrams are of the same area and
were taken from the same engine. The pressure in the steam pipe was 80 1bs. above the
atmosphere, in both cases.

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

Diagram K was taken with the steam cut off at one-fourth of the stroke, by an independent
valve. It has been nsual to compare such diagrams by assuming that there is used, in each case,
only a cylinder full of steam of the terminal pressure. This assumption has been found to be
incorrect in practice.  We may, however, compare the two systems of working by referring to
the curves on Diagram No. 1. The initial pressure of Indicator Diagram J is 53 Ibs., and as the
point of cut-off is seven-eighths of the stroke, by referring to No. 1 we find, at the point @, that an
engine, working under these conditions, requires 56 bs. of water per indicated horse power per hour.
The initial pressure of diagram K is 80 ibs., and the point of cut-off being one-fourth of the stroke,
we find at b, in like manner as before, that the water required is only 85 tbs, per hour.




Jondensing Stationary Steam Engine.

(C

' 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 erank. 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 HFngine.

The cut-oft 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 usnal way, or made so that it can be adjusted
b)? 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-oft’ 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 feceives 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
1s restored, and the cut-oft’ 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-oft’ 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.

——_ =y . . |




Sizes of Engines Recommended for Given Powers.

- N
f( y

lj?; HE tables on page T el seq., show conclusively that any particular horse power can be obtained
*"* a variety of ways in ecither of a large number of engines of different sizes. All the cases
"W are entirely practical if the engines are especially designed to opei'ate 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. i

One great difficulty in fixing the proper size of an engine is to kunow 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 BL E

SHOWING

RECOMMENDED SIZES OF ENGINES FOR GIVEN HORSE POWERS.

SizEs oF NET SizEs or ’ S1zES OF NET Sizes or
LONG STROKE ENGINES HdRSE SHORT STROKE ENGINES ||  LONG STROKE ENGINES HORSE SHORT STROKE ENGINES
DIAMETER STROKE POWER DIAMETER STROKE i Puﬁni‘m [ STROKE POWER _DIAMETER STROKE
Inches Inches Inches Inches | l Inches ’ Inches Inches Inches

5x12 5 B5¢ 1 ‘ 16 x 42 90 16 x 24

6x16 10 (5249 17 x 42 100 17 x 30

%20 15 Tx12 19 x 48 1225 19 % 30

8 x 20 20 8x12 21 x 48 150 21 x 30

9 x 24 25 5] 23 x 54 175 23 x 36

10 x 24 30 10 x 15 24 x 54 200 24 x 36

‘11 % 30 40 11 %18 : . 26x54 225 26 x 42

12 x 30 20 12x 18 ‘ 27 x 60 250 27 x 42

13 x 36 60 13 x 21 | 28 x 60 275 28 x 48

14 x 36 70 14 x 21 J 30 x 60 300 30 x 48

15 x 36 80 15 x 24 !;




298 Sizes of Engines Recommended for Given Powers.

The engines in the foregoing table are of sufficient size to furnish the net horse powers named
when using 80 1bs. of steam, cut oft 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 ent-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.




Boilers.

h. HE tables on page T, el seq., giving dimensions, &c., of the engines which will furnish a desired
&7 horse power, state in columns & and ¢ 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 Ibs. of water per pound of coal, but if made 36 feet long it will
evaporate fully 8 Ibs. per pound of coal.

The amount of water evaporated per pound of coal under favorable conditions by each of the
three kinds of boilers when proportioned as in our table, has been ascertained by careful experiment
and is given below :

Water evapora.ted. per pound of
Coal, at 80 lbs. pressure, from
NAME OF BOILER. temperature of 160°. RELATIVE EVAPORATION.
Lbs. ’
Plain Cylinder Boiler, 6.91 _ 1.00
Cylinder Flue ¢ (457 i 1.14
i Tubular 9.15 1.32

The performance of a locomotive or marine tubular boiler is substantially the same as that of the
cylinder tubular, when similarly proportioned.

In preparing the table of evaporative capacities of boilers, an allowance ot over 25 per cent. has
been made to provide for differences of management, draft and fuel which may be met with.

" The headings of the columns in the table show what are the particulars stated.

Tt will be seen that columns 10 and 11 show the number of pounds of water evaporated, in one
case from 60° temperature, and in the other from 160°.

In cases where a single boiler of dimensions stated will not furnish the evaporation required,
modifications in number and length will be necessary to produce the required evaporation.




30 Boilers.

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 oft’ at 1, the total quantity

of water required per hour would equal 8,488 Ibs. 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

38 13 113 113 47 [{3 113 1]
2 13 Flue ’ {3 56 113 113 113
3 . 113 113 11 44 113 113 113
4 Plain Cylinder DG 3646 5 6 i
5 1 113 13 33 ¢4 113

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 ngt be sensibly influenced. The ecylinder flue and cylinder tubular boilers may be
shortened to reduce the heating surface, and will evaporate a quantity of water fully propomoned to the
reduced Ienorth but at a small sacrifice of economy.

i
l




T ABLEDS

SHOWING THE PRINCIPAL DIMENSIONS OF THE

High Pressure li“sp@a - Boilers

BUILT AT
THE NOVELTY IRON WORKS, NEW YORK,
AND THE

Water Evaporated per Hour by the same from the Temperafcurés of 60° and 160° Fahrenheit.

1{1;5 P : DIMENSIONS \ : WATER
; Evaporated per Hour at

oOF SHELL OF BOILER FLUES OR TUBES STEAM DRUM GRATE HEATING 80 ;Pe&m ‘er;s:g;z (f);om
BOILER DIAMETER EE‘;{(E NUMBER D;{Mnmn !| DiaMETER | HEIGHT | SURPACE SURELLH 60° B ; 160°
Inches Feet __}nches A __hlc{les 4 Inches | Square Feet | Square Eerqt __Lbs_.__l L_bs.__

1% 1= 18.0 ! (Dimal e silhrs 308 42 | 202 921

21 21.0 14 | 28 5.3 58 280 306

PLAIN CYLINDER | 24 | 240 | 15 | 30 6.8 75 363 395
27 | 27.0 | | 16 | 32 3.6 95 458 501

BOILERS. 30 | 30.0 - 18 | 36 | 107 118 569 | 622
83 | 33.0 20 | 36 13.0 143 689 | 75

36 | 36.0 | | 20 | 40 15.4 170 819 | 896

24 8.5 ) 6.5 12 | 2¢ || 33 56 200 219

30 | 13.0 2 | 9.0 AL w30 6.6 112 400 438

36 16.0 2 | 11.0 18 | 30 9.9 168 600 657

38 | 18.0 2 | 125 22 | 36 || 12.2 207 739 09

CYLINDER FLUE 40 20.5 9 gl 24 42 14.8 252 900 985
19 | 220 9 | 145 || 26 | 42 | 169 | 288 || 1028 | 1126

BOILERS. 4 | 23.0 2 | 15.0 aBc sl “18.4- | & 318 1117 | 19224
48 | 243 9 | 160 || 27 | 48 ‘ 211 | 839 || 1282 | 1404

52 | 26.5 e i BF (W08 - | 48 24.9 493 1500 | 1654

56.. | 29.0 2 19.0 30 | 54 29.5 501 || 1789 | 1959

80 |1 315 2 | 205 B9, 1. 54 34.5 586 || 2291 | 2092

|l 66 | 360 9 | 230 36 | 60 43.8 | 45 2660 | 2913

99 6.5 || 18 2.0 12 | 2¢ || 29 s0 | 187 |- 205

H 30 7.0 H 292 25 |l 13 | 30 || 56 ‘ 157 | 367 402

CYLINDER 36 8.5 | 34 9.5 | 18 | 30 || 82 299 ‘ 536 586
|40 9.0 ' 49 2.5 22 | 36 || 105 294 | 68S 753

TUB 4 | 110 || 40 3.0 | o4 | 42 14.7 409 | 957 | 1047
s 3 | 47 | 125 | 34 3.5 26 | 492 16.6 466 || 1090 | 1193
BOILERS. 51 140 | 34 40 28 | 48 || 211 592 | 1285 | 1516
i ” 55 | 145 ' 42 4.0 30 | 54 || 26.5 742 | 1736 | 1900

| 60 | 130 | 52 4.0 3¢ | 54 | 332 931 | 2178 | 2383

| 66 | 15.0 | 60 40 || 36 | 60 38.3 | 1072 9508 | 2744

I i | |

| | | I 8ol = 85 199 218

| 89 165 | 386 492

| kA 38 945 || 573 627

Chgtalil 1 | 114 | 320 | 749 | 819°
5 14.3 400 || 936 | 1024
i | | | 171 | 4so | 1128 | 1229
l | 25 | e | un | 1613

| 977 5 1814 | 1984
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Plain Cylinder Boilers.

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,
Guage 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 boiler

8, see previous page.
See also the article headed “Boilers,” on page 29.




Horse Power of Boilers.

(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. TROWBRIDGE.) o

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 (_:ilstomary to fix upon some unit of heating surface
as the unit of the hourse 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 suflicient,
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 eonditions 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
significatioi. 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 faverable 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 throngl 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, V the issuing velocity in feet per second, this
living force will be

V2
Ly 2 g.
The work expended to produce the velocity V, in the mass M, may be represented by a constant force

YV?
acting through a given height, P h = M—2E—; P. h. being represented in foot pounds. For the work

: A
performed by the boiler in one minute we have 60 x P.h. = 60 M. % and if we represent by M' the
weight of water, in pounds, evaporated and forced out of the orifice in one minute, we have M' = 60 M.

and 60, P. h, = M

2 g
L g 60. P M V2
If we suppose h to be one foot, and divide by 33.000, we have 537555 = 5. 33.000 = N, = the

number of horse power of the boiler.
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Prof. Zeuner furnishes a table of values of the velocity V, in metres per second, for different pressures,

from 2 atmospheres, to 14 atmospheres, which is given below.
The velocities V, for different pressures, taken from Zeuner’s table, are as follows :

For 2 atmospheres........ocevviiiii i V = 481.71 metres per second.
3 o Mttt iy o o1 O SO iR 08 606.57 « %
4 e Iy PN Lt ARy i 68148 ¢ -
5 T NI o0 0 S GO TR O TS (13432 « i
6 B 1 S Gal o e io g o Dl AR IO SO T74.89 « £
7 N P T R S R 807.57 ¢ "
8 T ssttio e o dgan o o RS 83490 « ]
9 St e s S D e dh oG A R B 85833 « £

10 CL T T it O T A e 1 o D T B 87814 « ’
11 S o B RIS DB e AN OCR R 896.80  « £
12 6 s i 2B b o dloro SR IO 913.00 « S
13 e e ULy s 7 s Tg e - 927.69 ¢ %
14 M Wi 0 b o 0 BRI b TR o S 0k O 941.06 ¢« £

W : . J
From this table the corresponding values of 3. 2.33.000 English units, have been deduced, and we

have the very simple results in the following table for finding the total theoretical horse power of any boiler.

TABLE FOR FINDING THE HORSE POWERS OF BOILERS.

Horse Power = the | Horse Power = the
Pressure in Boiler, numbers of this Pressure in Boiler, numbers of this
in table multiplied by M! in table multiplied by M!
Lbs. per Square Inch, water evaporated Lbs. per Square Inch. water evaporated
per minute, in lbs. per minute.
14.7 0.0x M 110 3.43x M
20 0.5 115 3.52
.25 0.9 120 3.59
30 1.60 125 3.65
35 1.45 130 3.72
40 1.65 135 3.79
45 1.85 140 3.85
50 2.05 145 3.92
55 2.23 150 3.97
60 2.35 155 4.02
65 2.52 160 4.06
70 2.65 165 4.12
5 2.89 170 4.18
80 2.87 175 4.23
85 3.00 180 4.27
90 3.09 185 4.32
95 8.19 190 4.36
100 3.28 195 4.39
105 3.3Tx M 200 4.40x M?

To use this table, find the weight of water evaporated in each minute by the boiler, in pounds, and
multiply the number expressing this weight by the number in the table corresponding to the pressure in the
boiler; the product will be the total disposable 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 forece 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 efticiency than 60 per cent. cannot probably be looked for in practice with a
high-pressure engine, as at present eonstructed. 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 efliciency 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 1 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 actnal 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 efliciency 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 Doilers, which shonld 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 comparison might be
made for engines working under various degrees of expansion.

TaBLE oF COMPARISON.

Pounds of water which Total disposable power(Actual H. Power by in- Theoretical
passes through cylinder| of Steam at 80 1bs. |dicator, from Tables of dlsncskbla. gower
of Engine = pressure. Engines r tll;e aa.mepsteam
Pounds of water |N = horse power from|Using amounts of water 2 A ﬁ:ers i antors
evaporated by Boiler Table = Disposable [in first column with 80 the. eflinder
per hour. power of Steam. lbs. p. cutting off at 2. y K
400 HOISEHAE 10 =10Divity ,53= 19.0 FHER:
Tl et <€ 20 BN s SRS
1159 56.0 « 30 80 <« ,58=:545
1460 TORIRSE 40 40 « 3= 708
1790 86.5 « 50 50 « 56= 87.7
2136 103.2 « 60 60 « ,56=102.5
2469 1193 « 70 R0 % He=11T4
2790 ERUE QE=LES 80 80 « ,56=1383.7
3113 150.5 ¢ 90 90 « ,56=148.7
3424 165k« 100 100 ¢« ,60=166.6
N v I C - —

FROM BOILER POWER. FROM EXPERIMENTAL ENGINE.
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ExprLaNATION oF TuE DiscrayM oF Horse Power or BoLers.

This diagram is constructed from the table for finding the horse powers of boilers, or from the formula

VQ
N
2.2.83.000.

The formula shows that the curve which indicates the powers of the same boiler with increasing pressures
of steam, is 2 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 qnantity of steam
M! to be evaporated each miuute, 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 qnantity of water or steam in pounds required for a theoretically perfect engine, that is, an engine
which, for instance, would utilize a/Z 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.

the velocities being taken from Zeuner’s table and reduced to English nits.

QUANTITY OF VAPOR EXPRESSED IN POUNDS REQUIRED IN A THEORETICALLY PERFECT ENGINE TO PRODUCE ONE
o Horse Powrr pEr Hour.

Teunsion of the |Pounds of Water for
Vapor One horse power
in Atmosphere. per hour.
1% 72.9
3 32.8
4 26.3
5 22.9
6 20.7
8 18.0
10 16.5

Putting these numbers in the form of a curve, they are répresented by curve (2) of the preceding diagram.

This curve exhibits to the eye the rate of diminution of the quantity of steam required in a perfect
engine to produce one horse power per hour under the different pressures given on the line of abscissas.

The lower curve (2) may be taken to represent, in a general way, the diminution of the size of the
boiler required for a perfect engine, as the pressure rises. And the two curves taken together show the
fallacy of estimating the horse power of the boiler by heating surface alone, or without reference to quantity
of water evaporated, pressure, &c. ’

The efficiency of real engines may be found, in a general way, from curve (2), or by the table from
which it is derived, by taking double the guantities of water as the amount required for any given pressure,
when the steam is utilized under the most favorable conditions.

Tur EvaroraTive Powrr or Bomers.

The quantity of water evaporated by a given boiler in an hour, depends not only on the heating-surface
and the proportions of the grate-surface, heating-surface, and draft area, but also upon the quantity of air
which passes through the furnace in a given time. A locomotive boiler, for instance, burning ten pounds of
coal on each square foot of grate-surface in an hour, will evaporate about nine pounds of water for each pound
of coal, under the most favorable conditions. The same boiler, running at high speed and burning seventy-
five pounds of coal on each square foot of grate-surface, will evaporate seven pounds of water for each pound
of coal burned. The total quantity evaporated in an hour in the first case will be 10 x 9=90 pounds of water
for each square foot of grate surface; and in the second case, the same boiler, under a forced draft, will
evaporate 75 x T=>525 of water in one hour. Here there is a vast difference in the total amount of evapora-
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tion; but each pound of coal, under the forced draft, produces less steam, in the proportion of 7 to 9 pO}lnds;
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 throngh 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
throngh the furnaces of boilers, under varying conditions of draft, and the femperatures 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. Johmston, Mr. Hunt, and others, that in ordinary
practice double the amonnt of air necessary for complete combustion passes through the furnace. It
is contended, on the other hand, by Rankine 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.
Ience 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 actnally 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.

®

Boiler 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 possibie, 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 oceur from two causes only—first, from deficiency of strength in the shell or otber parts
of a })01Ier. This deﬁmency 9f strength may be an original defect arising in the material or workmanship at
the tm'le of constrn‘ctlon; or 1t may be due to deterioration from mnse, from ordinary wear, or from injnries
occurring from mismanagement, want of attention and repairs, ete. 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
degree 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 boiler 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 Regnault’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 guantity of heat in units of heat transferred to the water per minute.
Then
T = W t—1

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

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) 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=179,000 lbs. of water. ;
Suppose the working pressure to be 2% atmospheres, and the dangerous pressure 4. atmospheres,
(t, — t)==29° Fahr.
The boiler contains 5,000 square feet of heating surface, and supposing the cvaporation to be 2.5 Ibs.
per hour for each square foot of heating surface, we have,
Q in pounds of water per minute = @_(mGTMj
And taking as a sufficient approximation 1,000 units of heat as the equivalent of the evaporation of

1 1b. of water, we have,
- 5,000 x .2.5. x 1,000

60.

Q in units of heat =

These numbers introduced into the formula give,
T 79,000x29°
5,000 % .2.5. x 1,000
60
Hence the steam would reach a dangerous pressure in 11 minutes.

=11 minutes.
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EXAMPLE 2.
A Return Tubular Boiler, containing 8,000 lbs. of water, and having 500 square feet of heating

surface, each square foot evaporating, as before, 23 1lbs. of water.
Suppose the ordinary working .pressure to be 75 1bs., and the dangerous pressure to be 150 lbs. per

square inch.

The formula gives,
T=" minutes.

EXAMPLE 3.

A Locomotive Boiler, containing 5,000 1bs. 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 coal will, under such
conditions, evaporate about 7 lbs. of water.

Suppose the working pressure to be 100 Ibs., and the dangerous pressure to be 200 lbs. 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
cirenmstances which may occur. For if we suppose this locomotive standing still to burn only 10 lbs. 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 fect 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=" 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 0 to 100 Ibs.

If we suppose only 1% cubic feet of water to be introduced into the boiler at first, we shall have

93 x 117
T =157 %1000 =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 slowl
have less rapid fluctuations of pressure. And also that the lowering of the water in the boiler from failure .Z%
the feed apparatus, by diminishing W, diminishes also T in the samne 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 %T It iseven probable that Q is largely

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

SAFETY VALVES,

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’ valv
sFems,” or “inoperative” valve springs. As the safety valve is the sole z;eliance in case oi” 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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Tt 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 ean 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
recognized by engineers and constructors, that the real diameters of safety valves must be greater than the
theoretical orifices, beeause 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 orifiee 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.

Tet 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 & for different pressures are found from the following table.

For 2 atmospheres & = 1.72 vw . For 9 atmospheres d = 1.22 v/ .
3 3 d=151vw . 10 % d=121vw» .
Wi, oo S Ly, 11 < d=119va.
5 e d=135vw . . ba
6 T g = LB AL ke
17 ¥ d=128v7w. . ] ¢=117Tv%w.
8 £ d=122vw» . 14 < d=116 yw .
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The following Table gives the results of experiments made at the Novelty Iron Works in New York
City, several years before Prof. Zeuner’s work was published. These experimental results have never hefore
been published. The observations were made with great care, with a tubular boiler adapted to the

experiments.
The first column gives th

e pressure in pounds per square inch in the boiler, and the second the area of
orifice in square inches for each square foot of heating surface of the boiler.

Pressure in the Boiler inlArea, of Orifice in square

pounds above the at-| inches for each square -
mosphere. foot of heating surface.

0.25 022794

0.5 021164 v
bk .018515
2. .014814
3. .012345
4. .010582
5. .009259
10. .005698
- 20. -.003221
30. 002244
40. .001723
50. .001398
60. .001176
70. .001015
80. .000892
90. .000796
100. .000719
150. .000481
200. 000364

To compare the results of Zeuner’s formula, which is entirely theoretical, with the results of these
experiments, we may assume that each square foot of heating swrface of a tubular boiler will evaporate
2.5 pounds of water per hour with ordinary chimney draft. Taking a series of boilers of the different heating
surfaces named below, the comparison is given for two pressures, 3 and 5 atmospheres.

3 ATMOSPHERES. 5 ATMOSPHERES.
HEATING SURFACE, | AREA OF ORIFIC “ "ICE
cquane TR | EXPERMENT. | pORMULA. || N EEET. | EXPERIMENT. | BORMULA.
BQUARE INCHES, S8QUARE INCHES, BQUARE INCHES. S8QUARE INCHES,
100 089 09 100 12 12
200 180 19 200 24 24
500 45 48 500 59 9
1000 .89 94 1000 1.20 118
2000 178 1.90 ~000 9.40 2.87
5000 146 475 5000 6.00 5.95

At five atmospheres pressure the results from the two sources are almost identical, and at 8 atmospheres
sufliciently near to make a remarkable coincidence. The formula of Mr. Zeuner is, however, preferable in
practice, as it takes account of the weight of water evaporated, which depends on the amount ;f Juel burned
(height of chimney, c.) and is therefore more comprehensive.
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The mode of determining the area of free orifice necessary for the flow of steam ay 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 eeases 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 Vienna 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

1bs. 1bs. 1bs. 1bs. 1bs. 1bs. Ibs. 1bs. 1bs.

12 20 35 45 50 60 70 80 90
The rise of the valve is, in parts of an inch, ’

1 ot i A Sl 1 1 1 1 1

36 48 54 (5 gl 86 86 168 132 168

Or, taking average valves, the rise for pressures from 10 to 40 Ibs. is gy of an inch, from 40 to 70 1bs. 5, and
from 70 to 90 1bs. 1}y 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., 13y 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, #; of a square inch. Let 2 be the diameter of the valve, which, by rising 144 of an inch, shall give
this amount of free orifice. The circumference will be approximately 3z, and we must have 3z. t}5 = .59
square inches, from which we find the diameter of the required valve,

@ = 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 2
represent the rise of the valve. The circumference will be, in round numbers, 8 x 6 = 18 inches, and we
will have 18 x @ = .59 square inches; # = 4 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 135 of an inch. -

These results have been confirmed in another manner. Badly, 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 Railway
Practice, recognizing the inefficiency of the ordinary valve, states that he has seen the pressure in a locomotive
boiler rise to 140 1bs., with two valves blowing off at 100 lbs.

These facts and expressions from practical engineers are suflicient to confirm the foregoing deductions.

- Another series of experiments, made by Mr. Burg, is still more conclusive, and justifies him in the
statement that the € most éncomprehensible delusion has existed in regard to the efticiency of the valve, as
commonly employed ;* and that it acts at most only asan alarm, but cannot be depended on as security against
explosions.

His final experiments were made with a view of determining the pressure in pounds per square inch
actually exerted upon the under swrface of the valve, with different amounts of rise or lift, and were intended
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
t.he 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 experiinents were made, in which the pressure of steam in the boiler was first taken at 10 English lbs.;
then at 27; again at 33, 44, 65, and 75 lbs. 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 i 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 lbs. constant pressure per square inch in the boiler,
the rise (curve (1) ) was zero; by removing weights,  1b. at a time, the valve rose according to curve ),
the height from the base line, 0, 0, 0, being in lines, or & of an inch. With a rise of 1} 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
1 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 14 lines, or 4i; of an inch.

In all the experiments a rise of two lines, } of an inch, as shown by the curves, was only accomplished
by diminishing the load on the valves, until the pressure on the under surface was reduced to less than T lbs.
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 717 of 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. If the fires
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.

—— e

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

funetions.

* The formula for diameter of orifice shows that the free orifice necessary for the issue of steam diminishes but slowly as the
pressure rises.
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That such occurrence may take place from natural canses, 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. 3

One of these eauses 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 water 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 destruetive 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. A

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, 1 of an inch thick, would weigh about 100 lbs. The specific heat of
ironis.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°—800°="700°, and 100 x 700 x.11=7.700 units of heat. This amount is sufficient to
evaporate about 7.7 lbs. of water.

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

M (t—t)
S A KB
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
manute was, in the examples given, as follows, respectively :

J 12" 5 R el PSP S ) SOl o 208,300
o RS Frep Ny ST 20,830
o B SRR e e SR ¢ 193,300

From these examples it is scen that the addition of only 7.700 nnits of heat, either gradually or
_suddenly, would not cause a dangerons elevation of pressure in the boiler, under the conditions assumed.

Nothwithstanding, 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 efiicient 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.
This is 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 canse, 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
dfal?endent on other econditions besides the temperature; that water may become heated, under certain con-
ditions, 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
order that a liquid may be transformed to vapor at any temperature, some portion of the surface must be freely
exposed to a space into which the vapor may expand. This was demonstrated by suspending drops of water in
h.cated oil. The temperature of the water was raised considerably above the boiling-point without the forma-
tion of vapor; but if a bubble of air or a piece of porons 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° i
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 vest, 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.

Uunder 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.

Tt 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,
cirenlation is rapid and continuous, and in nost 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.

9. It is of the utmost importance that the materials employed should be of the best quality as i-egards
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 constrnction. It is impossible to discover all the
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, &ec., 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 arfses 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 in
regard to its action which are nnsound 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 by the valve, and through which
the stean 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.

vl

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 lbs. 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 lbs. per square inch from the exterior load. With this
pressure 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.
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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.

NPy~ 1
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To calenlate 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 shonld
be less than this by one-half an inch (one-fourth all aronnd). 3

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
may 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 illnstrate 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 closgd and the fires kept in full
blast. Let the pressure of stcam 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, 45 inches diameter, be chosen, the circumference will be approximately 14. inches, and

4 1 .
it will be necessary for the valve to rise —(1,)— of an inch. 14. x X = 2.4 inch, X = —217 = 5~ 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 dow.'n
below the water. The pressure on the lower part of the stem will be found by multiplying its area in
sqnare inches by the boiler pressure, or 4. x 8.1416. x 75. = 939 lbs. .

This wonld be equivalent to removing 939 lbs. from the exterior load, if the valve were of the
ordinary kind, such as that nsed in Burg’s experiments.
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To this must be added the diminution of atmospheric pressure on the npper 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 canse, about 90 lbs., and the total diminution
may be taken at 1,029 1bs., making a virtual relief of pressure of 64 1bs. per square inch.

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

A rise of onesixth of an inch nearly, as shown by the curves, would take place, and an increase
of pressure in the boiler more than 5 1bs. 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 Delieved to be an exact method of estimating the dimensions of valves, and one which will
be borne out in practice. With the constrnction 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.
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