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PREFACE.

—————

Tuis volume is designed as a companion to the Author’s
book, “ THE Works’ MaNaGeR’s HanD-Book,” and, like
that work, contains a quantity of matter not originally
intended for publication, but collected for the Author’s
own use in the practical construction of a variety of
modern engineering work.

The Author has endeavoured to give in simple lan-
guage, bereft of complex mathematical formulz, and in
a concise and condensed form, the most useful practical
information, freely illustrated by well-executed engravings,
which elucidate and shorten description; and to explain
the true principles of, and give the principal rules for, the
construction of engines and boilers, and the economical
production of steam-power.

N\  The whole comprises the results of recent researches

\ and experiments in various branches of engineering, and

\. contains a large collection of Tables and practical data

\\invaluable to all engaged in designing, constructing

Y or estimating for, engines, boilers, and other engineering
work.

The principal subjects treated are as follows :—

Air, gas, and water; air-motors, gas-engines, and
water-motors ; fuel, combustion, products of combustion ;
heating-power and evaporative-power of fuel, evaporation
of water to steam; hLeat and heat-energy; methods of
burning liquid-fuel and refuse-fuels.

Evaporative effect of natural draught and forced draught
in the furnaces of steam-boilers.
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SECTION I

e

AIR, WIND, AND WIND-MOTORS; WATER AND
WATER-MOTORS; HEAT AND FUEL; GAS
AND GAS-ENGINES; COMBUSTION, ETC.

ATMOSPHERIC AIR AND COMPRESSED AlR.

Atmospheric Air is a transparent invisible fluid surrounding the earth
to a height of about 45 miles. Air is a very slow conductor of heat.

The Air is composed of nitrogen 78'5 parts; oxygen, 20°6 ; aqueous
vapour, ‘86 ; and carbonic acid, ‘o4 parts. Air contains about 4 grains of
moisture per cubic foot.

Nitrogen does not support combustion or respiration, and has no taste
or smell, It is lighter than common air; its specific gravity being *9736.

Oxygen is essential to the support of animal life and combustion. It is
one-tenth heavier than common air ; its specific gravity being 1°1056.

Carbonic Acid is produced by the fermentation of animal and vegetable
substances, the respiration of animals and the processes of combustion.

Carbonic Acid is composed of 2 atoms of oxygen and 1 of carbon.
Its specific gravity is 1°529. -

The Effect of Carbonic Acid is to destroy animal life and extinguish
flame. When the atmosphere contains 8 per cent. of carbonic acid there
is danger of suffocation, and air mixed with 10 per cent. of this gas will
extinguish lights.

Carbonic Acid Gas is frequently found in mines, where it is called
choke-damp, or black-damp.

The Weights and Volumes of the two principal Gases of which
the air is composed, under the pressure of one atmosphere at 32° Fahr.,
are as follows:—

The weight of one cubic foot of nitrogen = ‘07859 Ib. or 1°258 ounces.

do. do. oxygen = 08926 Ib. or 1-428 do.

The volume of one pound weight of nitrogen = 12°727 cubic feet.

do. do. oxygen = 11°205 do.
B2
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‘The Weight of Atmospheric Air is ‘0807z lb., or 1°2916 ounces, or
565 grains, per cubic foot, at 32° Fahr,, under the pressure of one
atmosphere. At 62° Fahr. the weight of one cubic foot is 32 grains less
or 533 grains, or 1°2171 ounces or ‘076098 lb.

The Weight of Air under the pressure of one atmosphere at 32° Fahr.,
is 773 times lighter than that of water of the same temperature, and at
62° Fahr. it is 820 times lighter than water of the same temperature. For
ordinary calculations air is frequently taken as 770 times lighter than
water.

The Weight of Air is about two-thirds more than that of gaseous steam,
and about fourteen times greater than that of hydrogen.

The Weight of Air decreases with the height above the surface of
the earth, its weight at a height of 3} miles being only one-half; at 7
miles, one-fourth ; at 10} miles, one-eighth; and at a height of 14 miles,
one-sixteenth of its weight on the surface of the earth.

The Volume of one pound of Air under the pressure of one atmo-
sphere at 32° Fahr. is 12°386 cubic feet, and at 62° Fahr. it is 13°14
cubic feet.

Compression of Air.—The power, independent of friction, leakage,
and resistance of valves, necessary to compress a given volume of air by
isothermal compression is theoretically obtained by the formula* : —

W= [(‘_“S’Rg-;R x P)—A] xV, . .

where

\W,= the work performed by isothermal compression.

R = the ratio of compression = absolute end-pressure divided by
the absolute pressure of the atmosphere.

P = the pressure in the receiver = end-pressure in compressing-
cylinder.

V,= volume traversed by the compressing-piston.

A =the back pressure of the atmosphere = 14°7 lbs. per square
inch.

Example: Required the amount of power expended in compressing one
cubic foot of air of 45 Ibs. pressure per square inch above the atmosphere =
59°7 Ibs. total pressure ?

Then

R =§9—:7 = 4'0612.

4

log.e R, or the hyperbolic log. R = 1°4015.

P=59"7 Ibs. per square inch == 59'7 X 144=8596°8 1bs. per square
foot.

V, is, for isothermal compression, inversely as the pressure and
= R X the number of cubic feet of compressed air produced,
= 40612 X 1 cubic foot = 4'0612 cubic feet.
A =147 lbs. pressure per square inch = 147 X 144 = 21168
Ibs. pressure per square foot.

* The Author is indebted for the above formule to the Articles on Compressed Air
in ¢‘The Engineer,” of Feb. 6 and 13, 1885.
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W.= [(I b ¥ 4015 X 85968 lbs)— 21168 lbs. :l X 4°0612 cub. ft.

= 5913 x 8596 8)—21168] x 40612 cubic feet.
= 29667 Ibs. X 4'0612 cubic feet.

Therefore
W,= 12048 foot-pounds.

To find the amount of steam power necessary to compress a given
amount of air, it is necessary to consider the losses caused by friction,
leakage, and heating of the air. The theoretical power may be taken as
that due to adnabatlc compression, but friction and leakage as due to
isothermal compression.

By adiabatic compression the mean forward pressure is found by Professor
Cotterills’ formula, where for adiabatic compression of air z =y = 1°41.

P,,,=_7—><5 S i 0 e 2 gL o8

P18 o 7—1
Where
P,, = the mean forward pressure per square inch, absolute.
P, = the pressure resulting from compression = 59°7 Ibs. per square
inch = 85968 lbs. per square foot.
P, = the pressure of the atmosphere = 14'7 lbs. per square inch =
21168 Ibs. per square foot.
¢ = 1"41 (a number on which the velocity of sound depends, irre-
spective of any special theory of heat, found by experiment
to have this value for air and other simple gases).
_ specific heat of air at constant pressure _ 18374 __ T
spec1ﬁc heat of air at constant volume ~ 1302 Tk
= ratio of compression, the volume of air to be compressed at
14°7 lbs. pressure and 6o deg. F. being, as in the former
case, 4'0612 cubic feet: the resulting volume is found in the.
following way :—

.'[Emperature due to camprexu'an =10

—((ultimate pressure)» . ., ¢i1ute initial temperature.

initial pressure
= 5_9_7) g. = 40612
(14.7 521 deg. = 4'0612™ X 521.

Log. T,= ‘29 x log. 40612 + log. 521 deg.;
and temperature = 782°3 deg.
Rise of temperature = 782°3 — 521 = 261° 3 deg. F. and
261°3 + 60 = 321 deg. F. )
14°7 Ibs. o ‘0612 cub. ft. (782°3°—28°)*

Re:ullmgzwlume:s b RES ]
=246 x 6°213 = 1 53 cubic fcet.
Ratio of compression =4;9_§_I§ = 2°654.

* If the standard volume of these calculations were taken at 32 deg. F. the changes
of volume would be proportional to the absolute temperature, but if taken at 60 deg. F.,
60 deg. — 32 deg. = 28 deg. has to be deducted from all the absolute temperatures.
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Therefore
A A S O\ o I :
b T x2_654) (.41 X 147Ibs.)
= (3439 X 22'49) — (2439 X 147 Ibs.)
= 77'346 — 35'843 = 41498 Ibs. per square inch.

Mean effective pressure = 41°498 — 14°700 = 26°798 lbs. per square
inch = 26'798 X 144 = 3859 lbs. per square foot.

Total power exerted in compressing 40612 cubic feet of air
adiabatically = 4-0b1z cubic feet x 3859 lbs. per square
foot = 15,672 ft.-lbs. '

Assuming friction, leakage, and resistance of valves to be
about 24 per cent.,in addition to the load, then each foot-
pound in the compressor requires 1°24 foot-pounds steam-
pressure, and the friction due to 12048 foot-pounds will
= 12048 X ‘24 A ool 5 . 2892 ft.-lbs.

Total power required for 1 cubic foot of compressed air . 18564 ft.-lbs.

The Temperature of the Atmosphere is greatest at the surface of
the earth, and decreases with the height above the surface; the decrease
being at the rate of 1° Fahr. for every 340 feet of vertical height.

The atmosphere receives scarcely any of its warmth directly from the
sun’s rays, but is heated almost entirely by the ground on which it rests,
and it is therefore in the condition of the water in a boiler where the heat
is applied from below.

The Temperature of the Air on the surface of the Earth varies
with the height above the level of the sea, and with local circumstances.
It decreases from the Equator to the Poles.

The greatest Heat in the Air seldom exceeds 150° Fahr., and the
greatest cold is seldom more than 74° Fahr. below freezing point.

Air is increased in Volume by Elevation of Temperature: the
volume varies as the absolute temperature when the pressure is constant.
Absolute temperature is measured from absolute zero, which is 461° below
zero of Fahrenheit's scale, at which point air has no elasticity, therefore it
has been adopted - as that of absolute zero. The absolute temperature is
found by adding 461 to the temperature indicated by a Fahrenheit-

* thermometer.

The increaszd volume of a constant weight of air of which the initial
volume = 1 taken at 32° Fahr., heated to a given temperature under
atmospheric pressure, or 14'7 lbs. per square inch, may be found by this
Rule .—

Increased volume of Air = Given temperature + 461

32 + 401
If the temperature be taken at 62° instead of 32°, the divisor is 624461
=523.

Lxample : Required the increased volume of a constant weight of air at
75° Fahr., of which the initial volume = 1 at 32° Fahr.

Then 7_5°_+._@.

2° 4+ 461

Table No. 1 has -been calculated by this rule.

= 1'087, the increased volume of air by expansion.
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The volume of a constant weight of air for any pressure, when the
volume at a given pressure is known, the temperature remaining constant,
may be found by this Rule —

New volume of Air = Given volume X given pressure

New pressure

The product of the pressure and volume of air is proportional to the
absolute temperature. The pressure of air varies directly as the absolute
temperature when the volume is constant, and inversely as the volume
when the temperature is constant.

The pressure of a constant weight of air for any other volume and
temperature, when the pressure is known for a given volume and tempera-
ture, may be found by this Rule .—

New pressure of Air =

Given pressure X Given volume x New absolute temperature.
New volume x Given absolute temperature.

Table 1.—INCREASED VOLUME OF ATMOSPHERIC AIR BY EXPANSION
DUE TO ELEVATION OF TEMPERATURE.

At 32° Fahr. vol. equal 1'000 At 100° Fahr. vol. equal 1°137
o TR ”» 1-006 5 pued i . 1158
D LSR5 o) ToL8NEll e 3zo% ) ™ 1°178
s A . roz6 | ,, 130° ,, . 1'198
» 50° & 1'036 ' 0 BV " 1219
5 557 » » 1:046 » 150° e 1239
by e £ s 1os6 | ., 160°% ,, . 1°259
i) 650 ”» 2 1.066 i 170o 2] 23 1°279
DT » roy7 |, 180° - 1'300
» 75° » ” 187 |, 190° ” 1320
» 807 »” 1rog7 |, 200° ” 1'341
e S et - rioy |, 210° » 1361
000 s s 1'117 172 OO X 1365
0t O e 3 1127 ] Bar2300 - 1402

The Mean Pressure of the Atmosphere at the level of the sea is
equal to 14°7 lbs. per square inch, being the weight of a column of air
one inch square, of the height of 27,8co feet at 32° Fahr. of uniform
density equal to that of air at the level of the sea. This is called one
atmosphere of pressure, and it is taken in round numbers at 15 lbs.
pressure per square inch.

The Atmospheric Pressure is equal to 144 square inches x 14°7 Ibs.
= 21168 Ibs. per square foot.

A Column of Mercury 29'922 inches high—or in round numbers 30
inches high—at 32° Fahr. will equal or balance the pressure of the atmo-
sphere, at the mean level of the sea.

A Column of Water at 62° Fahr. 1 inch square and 33'947 feet high
—or in round numbers 34 feet high—will equal or balance the pressure of
the atmosphere.
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A Column of Air

density equal to that of air at the level of the sea, will equal a pressure of
1 1b. per square inch.

A Column of Mercury 1913.32— = 2'035 inches high at 32° Fahr.

27& = 1893 feet high, at 32° Fahr. of uniform

«will equal a pressure of 1 Ib. per square inch.
A Column of Water % = 2309 feet high—or in round numbers

231 feet high; or 231 x 12 = 2772 inches high at 62° Fahr. will equal
a pressure of 1 lb. per square inch.

The Atmospheric Resistance to moving bodies increases as the
square of the velocity of the body : and the atmospheric resistance in lbs.
per square foot of frontage of a moving body increases as the square of
the velocity in feet per second multiplied by -co17. Example: What
amount of atmospheric resistance is opposed to the front of a locomotive
engine having a frontage-area of 30 square feet, at a speed of 40 miles an

hour ?
1760 yards X 3 feet x gomiles . .
Then 60 minutes X 60 seconds = 58'66, and 58:66¢ x ‘o017
X 30 feet area = 175°49 Ibs. atmospheric resistance opposed to the front
of the locomotive engine.

The Atmospheric Resistance on Railways, independent of side
winds, at ordinary speeds, is equal to about one-half the gross resistance, or
from 3 lbs. to 4 Ibs. per ton of the weight of the engine, tender and train.
With average side winds a constant total resistance of 8 Ibs. per ton of the
weight of the engine, tender and train, is usually adopted in calculations of
this kind.

The Weather-Barometer is an instrument for measuring the atmos-
pheric pressure, the pressure being measured by a column of mercury which
rises or falls as the weight of the atmosphere increases or diminishes. It
consists of a straight glass tube, 33 inches long, closed at the top, containing
mercury ; the lower end dips into a cup of mercury placed at the bottom of
the tube. There is a space at the top of the tube, free from air and moisture,
and the mercury is raised in the tube by the atmospheric pressure on the
mercury in the cup ; the level of the mercury in the tube varies with the
heaviness or lightness of the atmosphere. The graduations on the instru-
ment indicate weather as follows :—

Height of
the Mercury
in Inches.

28 indicates Stormy weather.
285 o Much rain.

29 5y Rain.
20; 5P Change of weather.
30 L, Fair weather.

3OSk 1 iss Set fair.
31 s Very dry.
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A Barometer has sometimes been used instead of a vacuum-gauge, but it
differs in construction from the weather barometer, and consists of a glass
tube bent in the form of an inverted syphon. One leg of the syphon-
shaped tube is open to the atmosphere and contains mercury ; the end of
the other syphon-leg is connected by a pipe to the condenser, and the
mercury rises in this leg according to the amount of vacuum and falls
according to the amount of vapour. When not in operation the mercury
will stand at the same level in both legs of the syphon. If there were a
perfect vacuum in the condenser, as each pound of vacuum represents
2 inches of mercury, the pressure of the atmosphere in one leg would cause
the mercury to rise in the other leg of the syphon connected to the con-
denser to a height of 30 inches, when it would balance the atmospheric
pressure and indicate 15 lbs. of vacuum ; if the mercury rose to 26 inches
it would be 13 Ibs of vacuum, and so on, the indicated pressures being those
below atmospheric pressure.

The Ordinary Weather-Barometer can be used for ascertaining the
heights of mountains. The mercury falls on being taken to a height above
the ground at the rate, approximately, of one-tenth of an inch for every
hundred feet of vertical height, because the atmospheric pressure decreases
with the height above the surface of the ground.

The Aneroid-Barometer is the best instrument for ascertaining heights,
because it is extremely sensitive and contains no liquid. It consists of a
round metal box, exhausted of air, in the top of which a very thin and
flexible sheet-metal plate is placed, which yields to the pressure of the
atmosphere, and actuates a system of multiplying levers and a spring
connected to an index, which moves on a scale.

The Pressure of the Atmosphere in lbs. per square inch cor-
responding to the Height of a Barometer may be found by mul-
tiplying the weight of a cubic inch of mercury, ='4908 Ib., by the height
of the barometer in inches. The following Table has been calculated by
this rule.

Table 2.—PRESSURE OF ATMOSPHERIC AIR AT DIFFERENT HEIGHTS OF
THE BAROMETER.

e T Enteee | S Rt | e e
Barometer. | Square Inch, Square Foot. Barometer. | Square Inch. Square Foot.
Inches. | Inches.
27 13°25 1908-23 29°25 14°35 2067°24
27°25 13'37 192589 29°50 1447 208492
250, 13°49 194356 295> 14°60 2102°58
27'75 13°61 1961°23 30 14°70 2116°80
28 1374 197890 3025 14°84 213792
28°25 13°86 1996°56 3050 14°96 2155°59
2850 13°98 201424 3075 1509 2173726
2875 14°11 2031°91 31 15722 2190°94
29 1423 2049°58 315 15°46 2226727
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PRESSURE AND VELOCITY OF WIND.

‘Wind is air in motion, due to the disturbance of the equilibrium in some
part of the atmosphere, caused by a difference in temperature of adjacent
countries ; the air in one part having become heated expands, and being
lighter, rises, and the motion of the cooler air in rushing in to supply its
place produces a current, the velocity of which depends upon the difference
between the temperatures.

The Velocity of the Wind increases with altitude. The velocity
at different altitudes may be calculated by the following Rule:.—

g = ,\‘/ i}? in which V, v, H, b, are the velocities and heights at the lower

and upper levels respectively.

The Force of Wind increases as the square of its velocity. The
ratio of the different forces exerted by two winds of different velocity is
found approximately by squaring the ratio of their velocities. Thus,a wind
blowing at the rate of 60 miles an hour has a velocity three times greater
than that of another wind moving at the rate of 20 miles an hour, and the
former will exert a force approximately equal to 3 x 3=9 times greater
than that of the latter.

Pressure and Velocity of Wind.—The force or pressure of wind
may be found by the following Ru/e, deduced from the results of recent
experiments.

Pressure of Wind in lbs. per square foot=(velocity in feet per second)?
X '0017.

LExample : Required the pressure of the wind in lbs. per square foot
when its velocity is 42 feet per second.

Then 42 X 42 X "co17=3 lbs. pressure per square foot.

The Velocity of the Wind in feet per second may be found by the
following Rule :—

2 /Pressure in lbs. per square foot.
R ‘0017
Zxample: Required the velocity of the wind in feet per second when

Velocity of wind in feet per second =

its pressure is 40 lbs. per square foot, then {/ _400—7 = 154, the wind’s
‘001

velocity in feet per second, and its velocity in miles per hour =

154 feet per second x 60 seconds X 60 minutes
. 1760 yards x 3 feet

wind’s velocity.

= 105 miles per hour, the

A column of water 1 inch high exerts a pressure on the base of 5°196 Ibs.
per s]('ljuare foot, therefore a pressure of 1 lb. per square foot would "equal
1 1b.
5196 lbs.

Table 3 has been calculated by these rules. It will be found useful in
making calculations of the pressure of wind on structures ; the power of
fans and blowers, and of natural draught and forced draught in chimneys.

= ‘192 inch of water pressure.
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Table 3.—Pressurz anp VELociTy o Winp,

‘WIND-PRESSURE. ‘WinD's VeLoCITY.
Pressure in Pressure in Velocity in Velocity in Description of Wind.
1bs, per Inches of Feet per Miles per
Square Foot. Water. Second. Hour.
1bs. Inches.
2 *048 12°13 827 | Gentle wind.
i 096 17°15 1169 Pleasant wind.
7 ‘144 21 : 14°31 Fresh breeze.
1 ‘192 24°25 16'53 Strong breeze.
Tigs -288 29°71 20°02
T *311 3208 2187 Gale.
2 384 34'30 2338
2% *480 3834 2614 Brisk gale.
3 ‘577 42°00 28:63
22y 672 45°37 30'93 Strong wind.
4 769 49 3360
5 962 54 3681 Moderately high wind.
6 1'154 59 . 402z | High wind.
7 1347 64 43'63
8 1539 69 | 4704
9 1731 73 . 4981 et
10 1924 ) 52'50 | Very high wind.
11 2°116 8o 54'55
12 27309 84 57°27
13 2°501 88 6000 | Storm.
14 2'693 91 6204
15 2-886 94 64'09
TONSE 3'078 97 6613 Great storm,
17 3271 100 6818 .
18 3463 103 70'22
19 . 3653 106 72°27
20 3850 109 75°26 | Very great storm.
25 4810 122 8318 Tempest.
30 5772 133 9068 | Hurricane.
35 6:734 144 9856
40 7696 154 10500 | Great hurricane.
45 8:658 163 111°21
50 9620 172 117°27 Violent hurricane.
55 5 SLO3E 87 180 122°72
60 T 11'544 188 - 12803 | Very violent hurricane.
65 12506 196 133'63 y
70 13°468 203 13841
75 14°430 210 14318
8o 15°392 27 14795 Tornado,
85 16°354 224 152°72
90 17°316 230 15681
95 18278 237 161°59
100 19°240 245 16704
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WIND-MOTORS.

Windmillg are efficient and economical motors for intermittent work,
or where the nature of the work admits of its being suspended during a calm,
which seldom lasts more than two days
at a time. Taking the average of the
running of windmills for a year, it has
been found that they may be depended
upon working constantly for at least
one-third of the time, or 8 hours out of
24. The average velocity of the wind
being 15 miles an hour.

Windmills, shown in Fig. 1, may be
applied to working pumps, for supplying
water for domestic use, irrigation, drainage,
compressicn of air, or driving dynamo
machines. They are fitted with self-
adjusting sails and self-winding tackle
to keep the mill always in wind, and
require no attention except filling the lu-
bricators, which are arranged to hold a
supply of lubricant to last one or two
months.

The Length of the Whip, or radial
arms of the sails of a windmill, depends
upon the power, sitnation, and velocity
required ; the sails are frequently made
rectangular, and the length is equal to
five times the breadth.

The Whip is divided into seven equal

Fig. z.—Windmill parts, six of those parts, from the ex-
tremity, being the length of the sails.

The weather-board, or wind-board, is equal to one-fifth of the sail’s
breadth.

The Shaft on which the sails are fixed may have an angle with the
horizon between 10° and 15°.

The Total amount of Sail-Surface should not cxceed one-fourth of
the whole disc-surface described by the whip or radial arms of the sail.

In order to gain the greatest amount of the wind's impulsive effect to
produce circular motion by the sails of a windmill, the total surface of sails
presented to the wind should be about seven-eighths of the circle’s surface
which is formed by their motion, and each sail should be angled to the
plane of motion as follows, the whip or back being divided into six equal
parts :—

Distance from the centre of motion . 1 2 3 4 5 6
Angle with the plane of motion . . 24 21 18 14 9 3
RThe Horse-power of a Windmill, H. P., may be found by this

ule :—

HP = Total area of sails) 5 elocity of the wind\*
T ™ in square feet in feet per second
Py 1,100,000
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I3

The total area, A, in square feet of the sails of a windmill may be found

by this Rule .—

Horse-power X 1,100,000

~ (wind-velocity in feet per second) °.

Table 4.—EFrriciExcY oF WINDMILLS TURNING 8 Hours A DAy AT A SPEED
oF 15 MiLes AN Hour WHEN USED FOR WORKING Pumes.

Quantity of Water
raised daily to a
Height of so Feet.

Quantity of Water
raised daily to a
Height of 100 Feet.

Diameterof | 3t oL | e ee| Qo ey s
per Minute. | developed. | Height of 25 Feet.
Feet Gallons,

12 55 - i 13500
15 50 i 20000
18 45 3 40002
20 40 4 50000
22 36 I 60000
24 32 1% 80000
30 28 i 110000
36 24 13 160000
40 22 2 200000

Gallons.

6750
1000C
20000
25000
30000
40000
55000
80000
100000

Gallons,
3375
§000

10000

12500

15000

20000

27500

40000

50000

The Pantanemone or Universal-Windmill, shown at Fig. 2, is a
recent continental invention in wind-motors.

form of semi-circles are mounted
at right angles to each other upon
a horizontal shaft, and at an angle
of 45° with respect to the latter.

These motors it is said work
satisfactorily whatever may be the
direction of the wind. One of
them has been working in the
vicinity of Poissy for several years,
where it lifts about 40,000 litres of
water to a height of 20 metres
every 24 hours, in a wind of a
velocity of from 7 to 8 metres per
second. Another one raises about
150,000 litres of water to the
Villejuif Reservoir at a height of
10 metres every 24 hours, in a
wind of a velocity of 5 to 6 metres
per second.

The Horse-power, H. P., of
the Pantanemone may be found
by this Rule .—

Two plane surfaces in the

Fig. 2.—Pantanemone.

__ (Total area of sails Velocity of the wind*
v ( ) 5 ( in feet per second

in square feet

1,200,000
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The total Area, A, in square feet, of the sails of the Pantanemone,
may be found by this Rule .—

Horse-power X 1,200,000
~ (wind-velocity in feet per second) 3.

WATER AND WATER-MOTORS.

‘Water is composed of two gases, hydrogen and oxygen, in the propor-
tion of one part of hydrogen and eight parts of oxygen. Water dissolves
more substances than any other agent : it freezes at a temperature of 32°
Fahr.

The Weight of a cubic foot of Ice is from 57°5 to 58 Ibs,, its specific
gravity being about ‘922. Water in freezing expands about ;th of its
original volume as water, its expansive force at the moment of freezing
being estimated at about 32 ooo Ibs. per square inch. A cubic foot of ice
floating in water has about 11ths of its volume under water, and ;th of its
volume above water, and a square foot of ice of any thickness requires a
weight equal to 4};th of its weight to sink it to the surface of the water.
The compressive strength of hard pure block-ice is about zo tons per
square foot. The specific heat of ice is *504.

Snow weighs 6 Ibs. per cubic foot when freshly fallen, and averages
12 lbs. per cubic foot when moderately saturated with rain.. Snow has
12 times the bulk of water, and its specific gravity is '084.

The Standard Measures of water are as follows:—

The weight of one cubic inch of pure water at 6z° Fahr. = 252'595 grains.

' 5 - e o = *0361z1b.
» » » 39'1°,, = ‘036125 b,
3 2] ”» 62° 3 = .03608 Ib.
” » 5 212° ,, = -034511lb.

The Weight of one cylindrical inch of pure Water at 62° Fahr, =
*4533 ounce or ‘02883 lb.
‘The Weight of one cubic foot of pure Water at 32° Fahr, =62°418 lbs,

”» 2 2 ) 39‘10 s =62"425 lbs.
» » i ” 6 ” _62 355 le
» , » 202820 \=ggi64olbs.

The weight of a cublc foot of water is usually taken at 62°4 Ibs. per
cubic foot for ordinary calculations.

A cubic foot of water at the temperature of maximum density weighs
9988 ounces—it is usually taken at 1000 ounces.

One Gallon of pure Water at 62° Fahr. weighs 10 Ibs., and its volume
is 2777123 cubic inches, or *160372 cubic foot.

The Volume of 1 1b. of pure Water at 32° Fahr. = 27°684 cubic inches.

) =
” ” “ o= 27680 ”
» » . » = 27712 ”»
2 212° ,, =28 978 2

The volume of one ton of pure water = 35°9 cubic feet.
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The volume of pure water at 62° in cubic inches X 0036 = capacity in
gallons. €
1°000

The pressure of a column of water 1 foot high =
2°309

= 433 Ib,, or

6928 ounces, per square inch pressure.

The pressure of a column of water 33°947 feet, or say 34 feet high=
the pressure of the atmosphere, or 147 Ibs.

'947 feet high ;

The pressure of a column of water 33947 %ect high 91‘;7.7 s, ©— =2309 feet high, or
say 2'31 feet high=1 Ib. per square inch pressure.

Expansion of Water by Heat.—Water expands as the temperature
rises above the temperature of maximum density, 39°1° Fahr., it also expands
in nearly an equal ratio, as the temperature falls below this point, down to
the freezing point.

Table 5.—TEMPERATURE AND VOLUME OF WATER.

Temperature,

At 40° Fahrenheit, its volume  1‘co000
» 55° » » 100054
”» 650 » 2 1.00137
» 757 » » 1'00255
» 85 » » 1'00404
» 95° » » 100583
P RRLO5K . o 1°00800
,» 115° 5 7 101121
»” 1250 5 £y 1'01275
” 1350 » 3 I.OKSSI
3 l45O 2 2 1°01847
e > o 1°02162
” Iﬁsa ”» » 1.02500
» 175° » ” 102845
»” 1850 » 2 1.03209
» 195° » » 1'03590
» 2057 » » 103984
212 . 5 1°04600

The Evaporation from the Surface of Water in Lakes, Canals
and Rivers in this country probably averages a total of 8 inches in spring,
12 inches in summer, 7 inches in autumn, and 4 inches in winter: equal to
31 inches per annum. The annual evaporation in some districts has been
found to average 75 per cent. of the annual rainfall, and in others it has
been found to exceed the annual rainfall.

Weight of Sea-water.—The weight of one cubic foot of sea-water at
62° = 64 1bs.: 35 cubic feet of sea-water = 1 ton.

The weight of a cubic yard of sea-water = 15 cwt. 1 qr. 20 Ibs, or
nearly 153 cwt.
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The weight of fresh water compared with that of sea-water is as
1 to 1°026, or as 39 to 40.

The Mean Specific Gravity of Sea-water is 1°026 : in the Black Sea
it is 17016 : in the Indian Ocean, 1°0264 : in the North Atlantic Ocean,
1'0267: in the South Atlantic Ocean, 1°0268: in the Red Sea, 1°0286:
and in the Mediterranean Sea 1°029.

The Composition of Average Sea-water is as follows:—

Water . 3 3 5 . o e . 966 parts,
Chloride of Sodium . $ o 5 s 7 o ) W
Chloride of Magnesm 5 3 . 3 2 5 I
Sulphate of Soda . . o 5 5 A 37 »
Carbonate of Lime b 5 e 5 8 . ‘02
Sulphate of Lime . . . 5 . SN 01,

100°00

Table 6.—CoMPONENTS OF THE SALTS OF SEA-WATER.

EsritcolPARTS PER 100 PARTS OF HALOGE S
Ingredients, DEE‘:‘;\L CALCULATED AS CHLORINE.
Dittmar, Dittmar, Forchammer.
Chlorine . 3 o .| 55292 99848 Not determined.
Bromine g o a ‘1884 ‘3402 o -
Sulphuric Acid (S 0,) . 6410 11576 11-88
Carbonic Acid (C O,). . 152 2742 | Not determined.
Lime (Ca O) . o 3 1676 © 3'026 293
Magnesia (Mg O) oo 6°209 TiTR 212 11'03
Potash (K, O) . . . 1'332 2°505 1°93
Soda (N:;.2 o) . 41234 74°464 Not determined.
Basic equivalents to the
Halogens . 3 .| 12493
Total Salts . | 100 180°584 1811

The mean quantity of solid substances—chiefly salt—held in solution
by sea-water is 3°4 per cent., three-fourths of which is common salt.

The Quantity of Salt in Sea-water varies in different seas. The
waters of the White Sea, the Baltic Sea, and the Polar Seas contain very
little salt, but the Red Sea contains a large quantity of salt. The Red
Sea contains 4°32 per cent. of salt: the Baltic Sea, 5 per cent.: and the
sea at Cronstadt contains 2 per cent. of salt.

The Ice of Sea~water contains no salt, because water in freezing
parts with all its impurities.

Ordinary Sea-water contains g part of its weight of salt, called
1 degree of saltness.
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The weight of Salt in a Gallon of Sea-water may be ascertained
as follows: If thirty-three pounds weight of sea-water be evaporated, it
will leave one Ib. of salt or g5rd of its weight. One gallon of sea-water
weighs 10} 1bs., g5rd part of which is salt, therefore the quantity of salt

J > . 1025 lbs, :
contained in one gallon is 5 X _16 ounces = 4°¢7 ounces, Or in

3
round numbers 5 ounces of salt per galloi of sea-water.

Sea-water Boils at 213%2 Fahr. under the pressure of one atmesphere,
or when the mercury in the weather-barometer stands at 30 inches. The
boiling point of sea-water varies with the quantity of salt held in solution,
and rises in proportion to its concentration as brine ; it also varies with the
rise and fall of the weather-barometer.

Saturated Brine boils under the pressure of one atmosphere at
226°4 Fahr.

The point of Saturation of ordinary Sea-water is 13 of its weight,
when the water is so full of salt that it will hold no more, and it is
therefore rapidly precipitated.

The Boiling Point of Sea~water may be calculated from its density
as follows: It is found that g5rd part of salt increases the boiling point to
the extent of 1°2 Fahr. ; the boiling point of fresh water being 212° Fahr.,
that of ordinary sea-water will equal 212° + 1°2 = 213%2 Fahr. at
atmospheric pressure, or when the weather-barometer stands at 30 inches.
The following Table has been calculated in this way, each degrec of salt
representing 5 ounces of salt per gallon of sea-water.

. Table 7.—BoiLiNG POINTS OF SEA-WATER OF VARIOUS DENSITIES UNDER
ONE ATMOSPHERE OF PRESSURE.

} * Ounces of Boiling Point

| Part of Salt. Degrees of Salt. St per in Degrees

| Gallon, Fahr,
-a—l‘f or xl degree of Salt or. r . 5.1_ 2132:2
33 » Iz 5 »” . .. 73 21379
Ees S 2 B s s " 1 10 214%4
o5 » 2F o 5 3 g0 123 2152'!
35 w3 » . N . 15 215°6
3% B LR | O » R 173 216°3
35 » 4 % > s 3 : 20 216%8
i1 5 LT » . Al 221 2172'5
35 » 5 » i . . 3 25 2180
5 w 6 » o 11 s 30 219%2
35 w 7w o G ] B 35 2204
35 Pt = - 3 Rl 40 22 xc'6
Ei hal) il e e =3 . 45 2220'8
35 o 1@ b g o Sl PP, - 50 224°
55 I Sy o b e 55 225%'2
35 ,» 12 Saturated brine . = 60 2264
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The above Table gives the boiling poiuts when the mercury in the
weather barometer stands at 30 inches or atmospheric pressure, and in
using the Table an allowance must be made when the barometer stands
above or below that point. As 1 degree of salt increases the boiling point
to the extent of 1-2, it will be sufficiently near in most cases to deduct two-
thirds of 1°2 or ‘8 from the boiling point for every § inch the barometer
registers below 30 inches, or to add the same for every 3 inch the mercury
stands above 30 inches.

Example : The boiling point given in the Table is 2151 for 2§ degrees
of salt when the barometer stands at 30-inches, required the boiling point
when the barometer stands at 30} inches, or } inch higher. Then
2151 + '8 = 2159, the boiling’ point of water containing 24 degrees of
salt when the mercury in the barometer stands at 30} inches.

DENSITY OF SEA-WATER. SALINOMETERS. BLOWING-OFF.

The Working Density or Saltness of Water, when sea-water is used
in marine boilers, is from 1} to 2 degrees of saltness, or from 11 to J%rds
its weight of salt: the maximum density seldom exceeds %rds.

A Boiler is said to be Salted when there is an accumulation of
salt on the tubes and heating surface. Four degrees of saltriess, or 4rds,
deposits salt rapidly. Salting is prevented by scumming and by frequently
and regularly blowing off a portion of the boiler-water.

Scum-Cocks.—The salt and dirt floating on the surface of the water in a
marine-boiler can be blown into the sea by means of the scum-cocks.
These cocks are fixed on the shell of the boiler, and are connected to a
cock fixed on the ship's side by a pipe. From each scum-cock a pipe is
carried inside the boiler, having a dished end placed a little below the
working level of the boiler, which collects the refuse from the surface of
the water. The scum-cocks are used whenever the surface of the water
is considered to be dirty, or when the limit of density is reached. They
must be shut before the water level has fallen too low. Neglect of the
cocks leads to their sticking fast, and renders the boiler liable to become
salted and the tubes to become burnt.

A Hydrometer or Salinometer is an instrument for measuring the
density or degree of saturation of the water when sea-water is used in a
marine-boiler. It consists of a bulb of glass or metal having a graduated
stem at the top, and a stem at the bottom filled with mercury to make the
instrument swim upright. It acts by sinking into the water more or less
according to the degree of saltness of the water, the salter the water the
less will it sink. The salinometer is graduated into 33rds, representing 5
ounces of salt per gallon of water. To graduate the stem, the zero point
is marked at which the instrument floats in fresh water, it is also marked at
the level at which it floats in sea-water of the average degree of saltness.
The space between these two fixed points is divided into ten parts or
degrees of the salinometer, and the graduations are extended to 35°.
Every 10° represents #51d of saltness; 10° represents the density of sea-
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water: 15° = 13 the density: 20° = twice the density: 25° = 21 times
the density, and 30° = taree times the density of sea-water.

A Hydrometer or Salinometer cannot be used at any temperature
indiscriminately, because it is graduated for a fixed temperature, and it
should only be used in water of the temperature for which it was marked ;
therefore it is necessary to test the water with a thermometer before using
the instrument, when accuracy is required. Hydrometers or Salinometers
are usually marked to suit a temperature of 200° Fahr., this being about
the temperature of the boiler-water immediately after being drawn off for
testing ; therefore it is only necessary to use a thermometer with the
instrument when great accuracy is required. To test the boiler-water in
the absence of a salinometer, draw off and boil a small quantity of the
water, and test it with a thermometer to ascertain its boiling point in the
open air, from which the degree of saltness corresponding to its boiling
point may be ascertained from Table 7.

Blowing-off is practised in marine boilers which are fed with sca-water,
to prevent the degree of saltness of the water exceeding a particular density,
the supersalted water being got rid of by blowing off a portion of the
boiler-water into the sea, which is replaced with sea-water of ordinary
density.

- The Quantity of Feed-Water required when blowing-off is practised,
is equal to the sum of the quantity of water evaporated to steam and the
quantity blown off.

The Quantity to be Blown OSff to maintain a constant density, may be
found by dividing the number of cubic feet of feed-water by the number of
degrees of saltness.

Example: A marine boiler is to be kept at two degrees of saltness. IHow
nmuch water must be blown off 7 Then if 1 = the quantity of feed-water,
I <+ 2 = ‘g5, or one-half the quantity of feed-water must be blown off to
prevent the degree of saltness rising above %, or 10 ounces per gallon.

The Quantity to be Blown Off may be calculated from the water
evaporated, by this Rule: Subtract 1 from the number of degrees of
saltness, and by the remainder divide the quantity of water evaporated.

Example: If 1200 gallons of water be evaporated to steam, what
quantity of brine must be blown off, that the water in the boiler may be

maintained at %;, orthree degrees of saltness. Then ;Z_O? = 600 gallons

must be blown off.

The Quantity of Water Evaporated may be calculated from the
quantity blown off, by this Rule » Subtract 1 from the number of degrees of
saltness, and multiply the remainder by the quantity of water blown off.
Example : 1f 600 gallons be blown off, what number of gallons have been
cvaporated to steam, the water in the boiler being maintained at 5%, or
three degrees of saltness?

Then 3—1=2 X 600 = 1200 gallons, the quantity of water evaporated.

The Quantity of Water Blown Off may be calculated from the weight
of salt per gallon, by this Ru/e : Divide the number of ounces of salt per
gallon of feed-water by the number of ounces per gallon of boiler-water,
and the quotient will give the proportion of feed-water to be blown off.
Lxample 1: The feed-water contains 4°2 ounces of salt per gallon, and

(%]
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the water in the boiler contains 12 ounces of salt per gallon. What pro-
portion of the quantity of the feed-water should be continuously blown off ?

Then 4?2 0unces of salt per gallon of feed-water

12 ounces of salt per gallon of boiler-water
than one-third of the feed-water should be blown off.

Example 2 : If the feed-water from a surface condenser has only a
trace of salt, say ‘o4 ounce per gallon, and it is required to work the
boiler at *8 ounce of salt per gallon, what percentage of the feed-water
must be blown off after the water in the boiler has reached this degree of
saltness?

Then 100X 04 ounce of salt per gallon (.)f feed-water = 5 per cen‘t.

-8 ounce of salt per gallon of boiler-water

The Saltness of the Water in the boiler may be calculated from the
weight of salt per gallon of feed-water, by this Rule : Divide the number of
ounces of salt per gallon of feed-water by the fraction of the feed con-
tinuously blown off, the quotient will be the number of ounces of salt per
gallon of the water in the boiler.

Example : The feed-water contains 4'2 ounces of salt per gallon, and
*35 of the feed is continuously blown off. What quantity of salt does the
water in the boiler contain ?

Then 42 ounces of salt per gallon of feed-water _ = 0o 0 0

*35 proportion of feed-water blown off
per gallon contained in the water of the boiler. 3

The Saltness of the Feed-water may be calculated from the quantity
of salt in the boiler-water, and the quantity of feed-water blown off, by this
Rule : Multiply the quantity of salt in ounces per gallon of water in the
boiler, by the proportion of feed-water blown off. The product will be the
quantity of salt in ounces per gallon of feed water. ZExample: If the
water in the boiler contains g ounces of salt per gallon, and one-eighth
of the feed-water is continuously blown off, what quantity of salt is contained
in the feed-water?

Then g ounces per gallon of boiler-water X *125 blow-off = 1°125 ounces.
of salt per gallon, is contained in the feed-water.

It may also be ascertained as follows :—

= 35, or a little more

I:9 :: 125 = 1'125 ounces per gallon of feed-water.

The pressure of Steam required to expel the Brine at a depth below
the surface of the sea, may be ascertained as follows :—A. pressure of 1 Ib.
per square inch is equal to a column of sea-water =
231 height of- a colur‘nn of fresh water = 2251 feet high at 62° Fahr.,

1026 specific gravity of sea-water ©
hence the Rule:—Divide the depth in feet of the level of the water in the
boiler, below the surface of the sea, by 2°251, the quotient will be the force:
or pressure in pounds per square inch required to expel the brine. It may
also be ascertained as follows: the pressure of the atmosphere=14'7 lbs.
being balanced by a column of sea-water =
34 feet height of a column of fresh water Wy F AN
1:026 specific gravity of sea-water T33iL3baect g,
As 33128 feet : depth in feet below sea-surface : : 14'7 Ibs. = the pres-
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sure of the water in lbs. per square inch; and pressure of water + 147 =
the total pressure at the given depth.

Example 1: What pressure of steam is required to expel the brine,,
the level of the water in a marine boiler being 12 feet below the surface of
the sea ?

Then 12 <+ 2°251 = 5°33 lbs, pressure, or as 33138 : 12 :: 147 =
5°32 lbs. pressure. . s

Lxample 2: What pressure of steam is required to expel the brine
from a marine boiler having its water-level 11 feet below the surface of the
sea, the pressure of steam being 25 lbs. per square inch?

I

Then 32—15; = 488 lbs. pressure of water, and 4'88 + 14'7 = 14°58 lbs.
total pressure at 11 feet, and the force available to expel the brine is
25—19'58=5"42 Ibs. per square inch.

The Loss of Fuel and Heat by Blowing-off may be found as
follows :—

Let N = the number of times the density of the boiler-water is greater
than that of the feed-water.

» T = the temperature of the water in the boiler in degrees Fahr.

,» t = the temperature of the feed-water in degrees Fahr.
Then, the loss per cent. of the fuel used= »

Ti—t
N—1) (1115—"3 X L'—t)+ (T —t).
The loss per cent. of the total heat in the boiler=
100 X T—t

(N—1) (1115—3 X T—t)+(T—1).

Example : The density of the water in a marine boiler is 18 times
greater than that of the feed-water, the temperature of the boiler-water is
245° Fahr., and that of the feed-water 45° Fahr. Required the loss per
cent. of the fuel used by blowing off, and also the loss per cent. of the
total heat in the boiler?

— =18—1="8, and

Then =
(18—1) (1115°4"3Xx245—45)+(245—45)
245 X '3=73'5+ 1115=1188'5 — 45 =1143'5 X '8=914'8+(245—45)=

1114°8 and 245—45=200, then "I'lzqo” =178, the loss per cent. of the fuel

14'8

245—45%

used.
The loss per cent. of the total heat in the boiler will be
TOO X 245—45
(1'8—1) (1115°1-"3 X 245—45) -+ 245—45
blowing off.
The Loss of Fuel and Heat by Blowing-off may also be found as
follows :—
Let B = the number of cubic feet of water blown off every 3 hours.
,»» E = the number of cubic feet of water evaporated every 3 hours.
,» T° = the temperature of the water in the boiler in degrees Fahr.
,» 1° = the temperature of the feed-water in degrees Fahr.

=178 per cent. of heat lost by
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The number of cubic feet of water entering the boiler every 3 hours
will equal B + E.

The total units of heat in steam of 212° Fahr. = 1115° + '3 X 212 =
1115° 4+ 63°6 = 11786 units total heat. To evaporate E cubic feet of
water to steam will require (1178°'6—t°) E units of heat.

To boil the B feet of water blown off will require (T°—t°) B units of
heat.

The total loss will be (T°—t°) B.

The total quantity of heat used will be (1178:6—t°) E + (T°—t) B,
as out of (1178:6—t°) E+(T°—t°) B there is lost (T°—t°) B.

s (T°—t°) B
The loss of heat by blowing-off= T8 6—0) E+(I"=0) B
100 (1°—1°) B

Theloss per cent.of the totalheat in the boiler (11786—t) E+(I°—0) B

Example: A marine boiler is blown out every hour: 140 gallons being
expelled each time, and 420 gallons are evaporated in the same time.
The temperature of the water in the boiler is 242°°8 Fahr., and that of the
feed-water is 42°°8 Fahr. Required the loss per cent. of the total heat in
the boiler?

Then 140 gallons blown off per hour equal 140 X 3 = 420 gallons, or
420 + 6°25 = 67°2 cubic feet of water blown off every 3 hours. 420 gallons
of water evaporated per hour = 420 X 3 = 1260 gallons, or 1260 = 6°25
= 201'6 cubic fect of water evaporated every 3 hours.

Then 100 X (242%8—42°8) X 672

(1178%6—42°8) x 201°6+(242°°8—42°8) x 67°2
11358 X 201°6=228,977'28+ (2428 —42'8) X 67°2=242,417.28 units, the
loss of heat by blowing-off: and 100 X (242'8—42'8) X 67°2=1c0 X 200 X
67'2=1,344,000, then 2%:2;‘;41’,;’%=5'54 per cent. of the total heat in the
boiler lost by blowing off.

When the temperatures are expressed in degrees Centigrade, the same
rule can be used as the last, by changing the constant 11786 Fahr. in the
last rule, to 6372 C., that being the number of units of heat in 1 Ib. of
steam at 100° C., or 212° Fahr.

The Density of the Water in the Boiler may be calculated from the
quantity blown off by the following Rule: where L=loss per cent. of the
fuel used.

The density of the boiler-water above that of the feed=

_ree
L(rtis+-3T—t) o

=11786—428=

Lxample : 1f the loss by blowing off is equal to ith—or *125—of the
fuel used, the temperature of the steam being 248° Fahr., and that of the
feed-water 108° Fahr,, at what density should the boiler-water be main-
tained above that of the feed-water?

248—108 i,
‘125 (111543 X T—t)
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Then 248x°3=74"4, and 1115+744=1189'4—108=1081"4 X '125=
140

135'175; and 248°—108°=140, then = =1'4+ 1=2"4, the amount

the density of the boiler-water should exceed that of the feed-water.

MEASUREMENT OF FLOWING WATER.

The Height of the Fall should be measured from the level of the
water in the head-race to the level of the water in the tail-race.

Measurement of Flowing Water by a Notched-Board.—The
quantity of water in a stream, available for driving a turbine, may be
measured by means of a notched board as shown in Fig. 3, with which
proceed as follows :—

AdT

¢ . ¥
™A
S

Fig. 3.—Notched-board for measuring flowing water.

Place a board across the stream at a point where the water flows very
slowly ; cut a notch in the board sufficient in depth to pass all the water to
be measured, and not more than two-thirds of the width of the stream in
length. The edges of the notch on the bottom and sides must be
bevelled to almeost a sharp edge towards the downstream side as shown,
and the surface of the water below the notch should not be less than one
foot. About 3 feet behind the notch drive a stake into the bottom of the
water-course, the top of the stake being level with the motch. When the
water has reached its greatest depth, measure the depth, marked % in
figure 3, from the surface to the top of the stake, by a thin-edged rule.
The following Table will show the quantity of water in cubic feet per
minute for weirs from one inch to twenty-five inches in depth, The
number in the Table corresponding to the depth % when multiplied by the
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length of the notch in inches, will give the quantity of water in cubic feet
per minute. For instance, if the depth of the notch be 5 inches and its
length 40 inches, the multiplier given in Table 8 is 4°5; and the quantity
of water delivered in cubic feet per minute is = 4'5 X 40 = 180 cubic feet.

Table 8.—MULTIPLIERS FOR FINDING THE QuUaNTITY OF WATER Frowing
OVER A NOTCHED-BOARD OR WEIR.

Depth of Depth of Depth of | o [P

eir Mutltiplier. Weir Multiplier. Weir Multiplier. eir Multiplier.
@) *). ). (). i
1 ‘40 7 7°84 131 19°42 19 33'94
Iy °55 825 133 19°97 19g 34'60
13 74 7 8:66 134 20’52 195 35°27
13 ‘93 8 9’10 14 21°09 20 35°94
2 1'14 81 9’52 14} 21765 20} 3660
21 1°36 83 9'96 14% 22°22 203 37°28
23 1'59 8% 10°40 143 22'79 20% 37°96
23 | 183 9 10°86 15 23'38 21 3865
3 | zog | of | g |5t | 2397|213 | 3933
33 236 03 1177 153 24°56 21 4004
35 2°63 93 12°23 15% 25716 2%, 4073
33 2°92z 10 12°71 16 25'76 22 .| 4143
4 322 103 1319 163 26°36 227 42°13
4 3'52 10§ 13°67 163 26797 22 42'84
4 3'83 103 14°16 163 2758 223 43'56
4 416 11 14°67 17 2820 23 4428
5 450 | 113 15°18 173 2882 231 45700
51 | 484 | 113 1567 | 175 29'45 | 233 45°71
5% 518 11d 16°20 174 3008 23% 4643
5% 5'54 12 16°73 18 30°70 24 4718
6 5°90 12 17°26 183 3134 24 47°91
61 6°29 125 1778 181 31°98 24 4865
63 665 12% 18'32 18% 32°03 24% 49°39
63 7°05 13 1887 19 3329 25 | 5013
7 7°44

Measurement of Flowing-water by the Velocity of the Water
and Sections of the Stream.—Choose a length of the stream, say about
50 or 100 feet, along which the section is as uniform as possible, and find
the area of the section by multiplying the width by the average depth. It
is advisable to take several sections in the chosen length, from which to
find the average section.

A stake should be fixed at each end of the measured length, and a float,
consisting of a bottle, cork, or pieceé of wood, must be thrown into the
middle of the stream a little above the first stake, and the time noted
which it takes to pass from the one stake to the other. This should be
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several times repeated, and the average time taken, so as to get a more
accurate result.

From these data the quantity of water passing can be found, as illus-
trated in the following example: The sectional area of a stream is 20 square
feet. and a float passes over a measured length of go feet in 36 seconds.
To find the quantity of water passing, multinly the area of the stream by
the measured length, and also by 60. and divide the product by the time
in seconds taken by the float in passing over the chosen length. Thus, 20 X go
x 60=-36=3000 cubic feet per minute. From this a deduction (amounting
to abeut 20 per cent. for earthen banks) must be made to allow for loss
of velocity at the sides and bottom through friction. In the above example,
20 per cent. of 3000 is equal to 600, and the true quantity passing will be
3000— 600=2,400 cubic feet per minute.

Measurement of Flowing-water by Discharge through an Orifice.
—This method may often be used in situations where a sluice already
exists.

The sluice must be raised, so that all the water coming down just
passes through, and the length and depth of the opening carefully
measured, together with the depth from the surface of the water in the
head-race to the centre of the orifice, and from these data the quantity of
water may be calculated by the following rule for the discharge through an
orifice under a given head. Rule: Multiply the area of the aperture in
square feet by the square root of the head in feet and by 5°1, the product
will be the quantity discharged in cubic feet per second.

Example : Required the quantity of water in cubic feet per second dis-
charged through an orifice or sluice, 15 inches wide and 1 foot 6 inches
high, the head, or depth from the surface of the water in the head-race to

the centre of the orifice, being 16 feet. Then ,\2/ 16=4 and 1'25 foot
wide X 1'5 foot highX 4 X 5:1=38-25 cubic feet of water discharged per
second. The velocity of the water is ,\’/ 16=4 X 5'1=20"4 feet per
second.

The Driving Power of Flowing-water being gravity, the power of
a stream of water depends upon the height of the fall and the quantity of

water flowing per minute. The theoretical horse-power of a stream of
water may be found by this Rule .—

Theoretical horse-power of stream=
cubic feet of water falling per minute x 625 lbs. x fall in feet.
33000

A deductisn of 25 per cent. must be made from the result obtained by
this rule to allow for the power absorbed by friction and for leakage, the
remainder will be the actual power which should be developed by a good
water-motor. x

Example : Required the horse-power of a stream of water, passing
1600 cubic feet of water per minute over a fall of 33 feet, the height being
measured from the level of the water in the head-race to the level of the
water in the tail-race.

.
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Then,
1600 cubic feet x 62°5 Ibs. x 33 feet height of fall
33000 lbs.
the theoretical power of the stream and 100X “75=75 horse-power the
actual power which should be obtained from the stream by a good
water-motor.

=106 horse power;

WATER-MOTORS.

A Turbine, when correctly designed and constructed, is the best and
most efficient motor for the utilization of water power. The chief types of
turbines and their modes of action may be briefly described as follows :—

Classes of Turbines.—There are two classes of turbines, called
respectively Pressure and Impulse turbines, the difference between them
being that whereas in the former the water acts in part by impulse and in
part by pressure, in the latter the water acts entirely by its impulse.

Whitelaw’s Re-action Wheel is the simplest form of turbine. It
has two arms formed in the shape of an Archimedean spiral, like Figs. 4
and 5. The water is supplied from the underside of the wheel, as shown
in Fig. 5, through the centre of the arms, and flows horizontally outwards

Tigs. 4 and 5,—Whitelaw’s re-action wheel.

through the arms towards the periphery, and leaves the motor in a direction
tangential and opposite to the direction of rotation. The water acts by
re-action, and the most efficient speed of the wheel, at the discharging
orifices at the extremity of the arms,is equal to the velocity due to the
height of the fall. When the wheel is running at this speed there is a loss
of efficiency of at least 16 per cent. arising from the backward velocity
of the water as it leaves the wheel. The horse-power of this turbine may
be found by the following Ru/e: Multiply the effective quantity of the water
flowing through the wheel in cubic feet per minute by the height of the fall
in feet and divide the product by 7oo.

Lxample : Required the horse-power of a Whitelaw-turbine, produced by
1000 cubic feet of water with a fall of 21 feet.

bic feet feet fal
Then 1000 cubic e;;ox 21 feet fa l=3° horse power.
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The following are the rules for proportioning this turbine, with two pre-
perly formed jets :—

Width of eacie discharging orifice W.

s M 135 x number of horse-power,
1000 H vH

Where H=the height of the fall or head of water.
Width of each arm=4 W.
Diameter of machine=s50 W.
Diameter of central opening=10 W.
149'44 VH
Diameter of the machine

Number of revolutions per minute =

The efficiency of this turbine in practice seldom exceeds 55 per cent.
It is seldom used now on account of its low efficiency, imperfect regulation
and unstable speed, and it has been superseded by more efficient motors.

Causes of Loss of Efficiency of Turbines.—No turbine, however
good and perfect in its action, can utilize all the power in a stream of
talling water, as there are various losses of efficiency common, in a greater
or less degree, to every turbine. These losses of efficiency arise from:—
(1.) Shocks and collisions due to changes of section and curvature, and
collision of the water on the tips of the guide and wheel-vanes. In a good
turbine the changes of section and curvature have little or no effect, as all
parts of the motor would be designed so as to secure gradual changes
of section and curvature, but in faultily constructed ones their influence
may be considerable. The loss arising from collision of the water on the
tips of the guide-vanes should be inappreciable, but that due to collision on
the tips of the wheel-vanes cannot in practice be quite eliminated, but should
not exceed from 1} to 3 per cent.; (2.) Friction of the moving water on
the surfaces of the motor. This is generally the most important source of
loss in a turbine, indeed were it not for skin friction, a turbine might easily
be made to give an efficiency of go or g5 per cent.; (3.) The energy
carried away by the water as it leaves the wheel; (4.) Friction of the
footstep or bearing of the turbine.

Guide-vanes of Turbines.—Fourneyron conceived the idea of giving
the water an initial forward velocity before it entered the wheel or moving
part of the turbine, and he effected this by means of fixed guide-vanes,
which now form one of the fundamental parts of every turbine.

Water-paths and Velocities of a Turbine.—In Fig. 6, A repre-
sents the fixed part of a parallel flow turbine containing the guide-vanes,
and B the moving part or wheel of the turbine ; C D and E F are the centre
lines of a guide-cell and wheel-bucket respectively. In this figure the water
enters the guide-ports from the head-race or turbifie-case in 2 direction
parallel to the axis or shaft of the turbine, flows along the curved guide-
blades, and is by them directed into the wheel with its proper velocity and
direction. If ¢ be the velocity and direction of the water as it leaves the
guide-ports, on entering the moving wheel, this velocity is resolved into
two components, viz., #,, the velocity of the wheel at its receiving circum-
ference, and ¢, the velocity of the water relatively to the moving wheel;
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¢ and ¢, are generally known as the absolute and relative velocities of
the water as it enters the wheel, and in order that the water may enter the
wheel with as little collision as possible, the first portion of the wheel-vanes
must be tangential to the direction of the velocity ¢,. The discharge
portion of the wheel-vane is straight so as to guide the water clear away
from the turbine, and to secure a high efficiency the absolute direction
of the water as it leaves the wheel must be at right angles to the direction
of motion. The velocity of the wheel on its discharging circumference
being known,—in a parallel-flow turbine the velocity of the wheel is neces-
sarily the same on both the receiving and discharging circumferences and

(o)

GUIDE PORTS

WHEEL

—
direction of tutiticn

Fig. 6.—Diagram showing ports and buckets of a Jonval turbine, with water paths and velocities.

the direction of rotation—and also the absolute direction of the water as
it leaves the wheel, it will be found that the smaller the discharging
angles of the vanes the smaller becomes the loss of velocity and conse-
quently of efficiency, as the absolute velocity (c,) of the water as it leaves
the wheel represents a loss of fall. The choice of the discharge angle
depends upon various circumstances. In some cases this angle may be
comparatively large, so that the turbine will pass a large quantity of water
with a small diameter of wheel. A large angle, however, means an increased
loss of efficiency, and should therefore only be adopted in cases where the
water supply is abundant and a high efficiency is not necessary. Where a
high efficiency is required, the angle must be made as small as possible.
In Figure 6, #, is the velocity of the wheel at its discharging circum-
ference, and ¢, and ¢, the relative and absolute velocities respectively of the
water as it leaves the wheel: but the velocities and angles differ to a greater
or less extent in almost every turbine.

In Pressure-Turbines the proportions between the velocities and
angles are such that the water leaves the guides with a velocity due to about
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one-half the head or fall, the remaining portion of the fall acting by pressure.
In order to keep up the correct distribution of pressure and velocity in the
turbine, and thus maintain the efficiency, there must be a definite rate of flow
through the wheel, the water must be admitted continuously over the entire
circumference, and the wheel-buckets are necessarily filled with water under
pressure.

Pressure-turbines may very conveniently be divided into inward, out-
ward, and parallel-flow turbines, accordingly as the water enters and
leaves the motor.

Regulation of Turbines.—As it frequently happens that the water
available for driving a turbine varies considerably, often sinking down in
summer to one-half or one-fourth of the usual supply, it becomes necessary
to provide some means of regulating a turbine so that it will give a good
efficiency not only with a full, but also with a very reduced supply. Many
turbines will yield a high efficiency when fully supplied with water, but
become almost useless when the supply sinks down to one-half or less, and
hence the subject of regulation becomes of very great practical importance.
In cases where the supply remains constant, or nearly so, but the power
required varies, the turbinz may be constructed to pass the water requisite
for the maximum power required, and a stop, sluice, ring, or throttle-valve
used to regulate the speed. These methods of regulation are not economical,
but are often sufficient if the water supply is abundant, and are generally
much cheaper than an efficient regulator applied to the turbine itself. A
proper regulation should always be applied if the water supply varies.

Regulation of Inward-Flow Turbines.—In snward-flow wheels the
water enters the guide ports on their outer circumference, flows towards
the axis of the turbine, and leaves the wheel along its inner circumference.
There are various methods of regulating nward-flow turbines, the
commonest being by making the guide blades movable, so that by slightly
turning them the discharge angle is altered and more or less water dis-
charged as the case may be. This mode of regulation is often convenient,
but is open to many objections, the chief one being, that although the dis-
charge area of the guide-ports is altered, that of the wheel is in no way
lessened, and this necessarily causes a loss of efficiency. Another objec-
tion is, that the speed of maximum efficiency of the wheel varies with
the inclination of the guide blades, and thus for good working, the wheel
should run at a different speed when the opening of the guide blades is
altered. .

Regulation of Outward-Flow Turbines.—In ow/ward-flow wheels,
the water enters the wheel on its inner, and leaves it on its outer circum-
ference, and the regulation consists of a cylindrical sluice working between
the guides and wheel. This manner of regulation is very imperfect and
far from economical, as when the turbine is using the reduced supply, only
the area of the guides is altered, that of the wheel remaining the same.
Great contraction takes place as the water leaves the guides, and the water
on passing into the wheel has to enter a space much larger that it can fill
with the velocity it has attained. A great loss of efficiency thus takes
place, and in order to diminish this, in the better forms of the Fourneyron
turbine, the wheel and guides are divided into two or more tiers, and by
shutting off one or more of these tiers to suit the decreased supply a fair
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efficiency is obtained, provided that the open tiers are fully supplied with
water. The chief objections to this regulation are, that the skin friction is
much increased, and the turbine is rendered very liable to be choked by
leaves. The efficiency of the best Fourneyron turbine is a little lower than
that of an inward or parallel-flow turbine.

The Jonval or Parallel-Flow Turbine is in many respects simpler
than either of the preceding types. In this turbine, the water enters the
guides parallel to the axis of the shaft, and after passing through the motor
leaves the wheel in the same direction. Figs. 7 and 8 are sections of the
ports and buckets of a Jonval turbine. For low falls this turbine is much

Figs. 7 and 8.—Sections of the ports and buckets of the Jonval turbine,

cheaper than any other, both in the cost of the motor itself and in its
erection. As the water passes parallel to the axis of the motor, a smaller
turbine case, where one is necessary, is required for a given diameter
of wheel than would be requisite for an inward-flow turbine.

The Jonval, in common with all other pressure-turbines, does not
admit of a perfect adjustment for a reduced water supply, but it frequently
admits of a better one than either of the other types. On low falls it may
be provided with vertical slides fitted into the guide ports, one slide to each
port. These slides are raised and lowered by sunitable mechanism, either
singly, or three together. When the turbine is applied to medium falls, a
slide may be constructed so as to close two guide ports simultaneously.

The efficiency of a Jonval turbine is as high or perhaps higher than any
other pressure-turbine, a well-constructed wheel will yield an efficiency of
from 75 to 78 per cent.

Most pressure-turbines work equally well whether totally immersed or
free from the tail-water, consequently they are especially suitable for
situations where considerable fluctuation takes place in the levels of head
or tail-water. They are also capable of being arranged so that part of the
fall, provided the portion so used does not exceed 25 to 30 feet, acts by
suction. In such a case the turbine can be arranged with its shaft either
vertical or horizontal ; the suction pipe must be perfectly air tight, and with
its lower end always below the surface of the tail-water. A Jonval
turbine with horizontal shaft and adjustment is shown in Fig. 9. Excellent
as pressure turbines are for low or medium falls with constant or nearly
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constant water supplies, they should not be applied to high falls, as under
such circumstances their speed of rotation becomes very great, and the
wear, tear, and repairs are much increased.

Impulse-Turbines differ from pressure-turbines, inasmuch as in the
former the water leaves the guides with the velocity due to the entire head
or fall, and thus acts entirely by impulse. Since the water acts by impulse
alone, the wheel-buckets do not require to be filled with water, and the
turbine may consequently be so constructed that the water glides along the
concave surfaces of the wheel-vanes without touching the convex sidés, as
shown in Fig. 11.  As the Girard turbine is now the only impulse-turbine

Fig. g.—Jonval turbine, with horizontal shaft.

of importance, it is only necessary to refer to the various forms of this
motor.

The Girard-Turbine, of which Figs. 10 and 11 are sections of the
ports and buckets, should be placed so that the bottom of the wheel is just
clear of the tail-water when the turbine is working ; the object of this being
to secure a perfectly free discharge for the water as it leaves the wheel.
An inch or two of clearance between the bottom of wheel and top of tail-
water is ample. In the Girard-turbine, it is not necessary that the water
should enter the wheel over its entire circumference, consequently the
injection may take place over only a small portion, and the turbine will
still retain its high efficiency. This property is of great advantage, as it
enables a perfect regulation to be applied to the motor, for if the turbine is
constructed for the maximum quantity of water available it can be adjusted
for decreased supplies by merely closing some of the guide ports. This
turbine may be applied to any fall, from about 6 feet upwards, and for high
falls it is the only one capable of giving a high efficiency.

One of the best known turbine-makers, Mr. W. Giinther, of the Central
Works, Oldham, recommends this turbine for low and medium falls with
variable supplies of water, for medium falls with small varying quantities of
water, and for high falls. For low and medium falls with constant or
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nearly constant water supplies, and for situations where the rivers are
subject to frequent floods, he adopts the Jonval turbine.

L

= =5

Figs. 10 and 11.—Sections of ports and buckets of the Girard-turbine,

Axial and Radial Girard-Turbines.—There are two chief types of
the Girard-turbine, known respectively as the axial and 1adial. In the
former the water enters and leaves the motor in a direction parallel
to the axis, as in the Jonval turbine, while in the latter it enters the wheel
on its inner and leaves on its outer circumference. The axial type may be
used for low, medium, and high falls, and is invariably constructed with
the shaft vertical. For low falls this turbine is made with full injection,
that is, injection over the entire circumference of the wheel, and the regu-
lation consists of vertical slides fitted to each guide port, the slides being
raised or lowered by suitable gearing worked from the turbine-house or
other convenient place.

For medium falls, full or half injection, according to circumstances, is
used, and the regulation is effected by a slide arranged so as to close two
guide ports simultaneously.

For high falls and small quantities of water this turbine is made with
partial injection, that is, the water is only admitted on a fraction of the cir-
cumference, and the diameter of the wheel is increased so as to secure a
moderate number of revolutions. A high-fall Girard turbine with partial
injection is necessarily more expensive than a turbine of small diameter
with full injection, but as the former runs at a much s'ower speed it is not
, subject to the wear, tear, and friction of a quick running motor, it gives a
higher efficiency, and is much more durable.

The Radial Girard-Turbine is generally only used for high falls, and
is then constructed with a horizontalshaft. Partial injection is always applied,
and the method of regulating the turbine generally consists of a slide closing
the guide ports one after the other. Turbines of the horizontal type have
frequently been constructed for falls exceeding soo feet, and worked with
perfect success, thus testifying to the adaptability of this motor to high
falls. It is scarcely necessary to add that under such high heads a pressure
turbine would run at such a high speed as to become almost unmanage-
able. .
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A Girard-turbine arranged with a vertical shaft, for a medium fall and
variable water supply, is shown in Fig. 12. In this arrangement the guide-
channels are on the whole circumference, and the adjustment for varying
the supply is so arranged that the turbine can work with either full or partial

Fig. 12.—Girard-turbine with vertical Fig. 13.—Girard-turbine with vertical shaft
shaft for medium falls. for high falls.

injection. For low falls the outer case is dispensed with, and the guide-
channel cylinder is fixed direct to the bottom of the head-race.

A Girard-turbine arranged with a vertical shaft for high fails and varying
water supplies, partial injection being employed in this case, is shown in
Fig. 13.

Anoelher Girard-turbine for high falls and variable supplies, is shown in
Fig. 14. In this arrangement the shaft is placed horizontally, and the
water enters the wheel on the inner
circumference, and leaves it on the
outer circumference. The wheel is
protected by a wrought-iron case,
which is not shown in the wood-
cut. This arrangement is especially
adapted for large powers under very
high falls, and partial injection is
always used.

The proportions of a Turbine
should be adapted to the fall,
quantity of water, location, and cir-
cumstances under which it has to
work. The following general rules
for the Jonval-turbine may be modi-
fied as circumstances require.

Rules for Proportioning
Jonval’'s Turbine.—To find the Diameter at the Centre of the Buckets,
or Centre of Motion p.—Rule : Multiply the square root of the height of
fall in feet by 1000, and divide the product by the number of the revolu-
tions of the turbine per minute.

Fig. 14.—Girard-turbine with horizontal shaft for
high falls. Cover removed.

D
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Number of buckets in the turbine wheel = six times the square root
of the diameter of the centre of motion p. Number of guides=5 times
the square root of p. Depth of buckets= one-eighth of p. Radius of
the curved portion of the bucket=depth of bucket x 1-25. Depth of
guides = one-sixth of p. Radius of the curved portion of guides=depth
of guide x 1°75.

To find the to’al korse-power of a fall of water delivered on a Turbine.
—Rule : Multiply the quantity of water passed through the turbine in cubic
feet per second by the height of the fall in feet, and multiply the product
by ‘1134. These wheels, as previously stated, yield as high as 78 per cent.
of the total power expended, when well constructed.

Example : Required the horse-power of a fall of water 28 feet high,
discharging 15 cubic feet of water per second, taking the efficiency at 05
per cent., a very low estimate.

15 X 28 X *1134=47'628 total horse-power,

of which 47628 x 65 modulus=30'958, or say 31 horse-power would be
available as actual horse-power in a Jonval-turbine, and this fall would
require a turbine, making say 190 revolutions per minute=
(1000 /28 feet fall) +- (190 revolutions)=27"85 inches diameter.
Whater-Jet Motors.—The application of a jet of water to a number of
cups or buckets attached to the rim of a wheel is a simple and excellent
method of producing motive power. It is, however, essential to economy
and efficiency that the formation of the buckets shall not permit the lodg-
ment and carrying-over of water which has lost its impelling power, termed
dead-water, and that the water shall be received without shock and dis-
charged without velocity. It is also necessary that the buckets be small in
area and number, because the loss by friction is proportional to the area of
the wetted surface. The wheel should be driven by the impulse of the jet,
or by a uniform and continuous pushing-action of the water. When it is
driven by the impact of the jet, or by a succession of blows of the water,
such as result from variations in the angle of the impingement of the jet,
there is a considerable loss of efficiency. The velocity of the bucket
should be equal to one-half the velocity of the impelling jet.
Buckets of Water-Jet Motors.—The action of a jet of water in
striking a flat plate at right angles is shown in Fig. 14a. The water
divides and forms a wedge of dead-water,
and the direction of the discharge precludes
a complete stoppage of the water. The
action of a jet of water in striking a curve-
shaped bucket is shown in Fig. 148. The
same wedge-shaped formation of dead-water
Fig. 142.—Water  exigts as in the preceding case, but there is Fig. 145.—Water-

jet striking a flat . : j ki
Pate. T 3 reversal of the stream which allows it to O e
be almost completely checked and ex-  bucket.
hausted of its energy.
The Pelton Water-Wheel.—In the double-curve or wedge-centre
bucket, designed by Pelton, shown in Fig. 14c, the loss due to water-

wedge is avoided, because a piece of metal projects into the middle of the

i
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stream and occupies the space of the water-wedge. The jet is applied
tangentially, and becomes divided into two parts, one turning
to the right and the other to the left; the direction of both
being almost completely reversed before the water leaves |
the bucket. The wheel revolves vertically, and is highly Il
efficient, as will be seen from the following table. To J
facilitate the escape of the spent-water, and to utilize all gy . water
of the head of water, the stream is usually applied to the Jjet striking a
lower side of the wheel. elon et

Table g.—REsvLTs oF TEsTs oF A PELroN WATER-WHEEL.

ize jet. unnin; evolu- ctual water | Actual Horse- Theoretical cienc:

Slnc{l.t Ilzzre:sureg. ! R!io:i. A 'usid.. = d:gsl‘:ep:d. l Hg;sses; I:er Pljrfgen*ag{.
& 100 775 1478 5°349 6422 8330

| 2 103 | 780 15700 5'563 6715 82:go

| 2 125 880 23°05 10730 | 12’520 8569

[ 102 | 775 20'82 7845 9°226 8502

1 5o 100 | 775 2061 7'756 8957 | 86'59
§ 125 900 23°C§5 10°670 12°'520 8516

| 1 100 f 780 20'61 7717 8957 8615

The power of the Pelton-wheel is independent of its diameter, and
depends upon the head and volume of the water.

The Pelton-wheel with a single nozzle may be employed for heads of
water as low as 3o feet, if the power required is small. When large power

Fig. 14p.—Pelton Water-wheel with multiple nozzles. Fig. 15.—Pelton Water-wheel. By the
By the Pelton Water-wheel Co., San Francisco. gelmn Water-wheel Co., San Francisco.

is required from a comparatively low head of water, a wheel with multiple
mozzles is employed, as shown in Fig. 14p.

The Pelton-wheel, shown in Fig. 15, is especially adapted for heads
above 50 feet ; and there is no limit to the height of head of water under
which it will efficiently work. For instance, a Pelton water-wheel of
36 inches diameter, formed of a solid steel disc, with phosphor-bronze

D2
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buckets riveted to the rim, as shown in Fig. 154, is working under a vertical
head of 2100 feet, equivalent to a pressure of 2100 X 433 = 910 pounds
per square inch, The wheel makes 1150 revolutions per minute; the
peripheral velocity is 10,804 feet per minute,
or about 120 miles an hour.
| At an electric light works, there are eight
o Pelton-wheels of 24 inches diameter, each
i weighing go pounds, and capable of developing
—_— 175 horse-power, or nearly two horse-power for
gk ESA each pound weight of the wheel. The speed is
1000 revolutions per minute, and the head of
Fig. 154, —Pelton Water - wheel water is 820 feet, equal to a pressure of 820
formed of a solid disc. b

X 433 = 355 pounds per square inch.

Other Pelton-wheels are working under pressure of from 700 to 1000
pounds per square inch. The latter is equal to a head of 1000 X 2°31 =
2310 feet, under which a wheel of 18 inches diameter, weighing 30 pounds,
will develop 21 horse-power, with a nozzle-tip of § inch diameter.

Considerably more power is stored in the rivers and streams of the world
than is sufficient for all the industrial purposes of mankind. Itis astonishing
that only a small percentage of the available power has hitherto been utilized,
considering that efficient motors are obtainable, adapted to all heads and
purposes, for the economical utilization of water-power.

HEAT AND FUEL.

A Thermometer is an instrument for measuring temperatures. It
consists of a glass-tube having a bulb at the foot, containing either mercury
or alcohol : mercury being used for ordinary temperatures, and alcohol for
very low temperatures, because it remains fluid and does not solidify at the
greatest known cold. A scale is placed at the side of the tube, graduated
into degrees, which indicates the expansion of the fluid in the tube, from
which the temperature is read off. The temperature of melting ice being
constant at all temperatures, it is used for marking the zero point of centi-
grade and Réaumur thermometers: in Fahrenheit thermometers the zero
point is placed 32° below this, at about the temperature of a mixture of
salt and snow. As distilled water under the same pressure, in a vessel of
the same kind, always boils at the same temperature, it is used for marking
the boiling point of thermometers. After the mercury is introduced, it is
boiled to expel air and moisture, and the tube is hermetically sealed. The
action of the thermometer is due to the change of bulk or volume to which
bodies are subject with a change of temperature ; they expand with heat,
and centract with cold, thus indicating a high or low temperature.

The Fahrenheit Thermometer is used in this country and in
America. The number o° on its scale represents the greatest degree of
artificial cold that could be produced at the time the thermometer was
invented. The number 32° represents the freezing point, or temperature
of melting ice, and z12° the temperature of boiling water, in both cases
under atmospheric pressure. From the freezing-point to the boiling-
point there are 180 degrees.

The Centigrade Thermometer is used in France and other parts of
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e centinent ; number o° on its scale represents the temperature of melting
ice, and 100° the temperature of boiling water. From the freezing-point
to the boiling-point there are 100 degrees.

The Réaumur Thermometer is used in Russia and Turkey, &c.
Number o° on its scale represents the temperature of melting ice, and
80° the temperature of boiling-water. From the freezing-point to the
boiling-point there are 8o degrees.

To convert Degrees Fahrenheit into Degrees Centigrade.—Rule .
Subtract 32, multiply the remainder by s, and divide the product by g.

To convert degrees Centigrade into Degrees Fahrenheit.—
Rule : Multiply by 9, divide the product by s, and add 32 to the quotient.

To convert Degrees of Centigrade into Degrees Réaumur.— Rule:
Multiply by 4 and divide the product by 5.

To convert Degrees of Réaumur into Centigrade.—Ru/e: Multiply
by 5 and divide the product by 4.

To convert Degrees of Fahrenheit into Degrees of Réaumur.—
Rule : Subtract 32, multiply the remainder by 4, and divide the product
by 9.

To convert Degrees of Réaumur into Degrees of Fahrenheit.—
Rule : Multiply by 9, divide the product by 4, and add 32 to the quotient.

A Thermometer is used by marine engineers with the salinometer to
test the temperature of the water drawn from the boiler for the purpose.of
ascertaining its density, and to test the temperature of the feed-water, and of
the air in the engine-room.

High Temperatures beyond the range of a Thermometer may be
ascertained approximately, by heating a bar of wrought-iron to the tem-
perature required to be ascertained, and then quenching it in cold water,
when the rise of temperature of the water will enable the unknown tempera-
ture required, to be calculated by the following rule, which assumes the
specific heat of wrought-iron to be one-ninth that of water :—

Let T = the temperature of the water produced by quenching the iron.

t = the original temperature of the cooling-water.
W = the weight of the cooling-water in Ibs.

w = the weight of the bar of wrought-iron in Ibs.
X = the unknown temperature required.

x=__[(T—t)><w>< 9_!+T.
W o

Lxample: A bar of wrought-iron weighing 20 lbs, was inserted in the
chimney of a steam boiler, and when heated, was quenched in 30 lbs. of
water at 55° Fahr,, thereby raising the temperature of the water to g3° Fahr.
Required the temperature of the chimney.

(93° — 55°) x 30 lbs. of water x 9 _ °

(o 20 lbs. weight of wrought-iron 513 Ul and sl
93 = 606° Fahr., the temperature of the chimney.

The Standard Temperatures of Water are as follows:—

The freezing-point under one atmosphere is  32° Fahr. or o Cent.

The point of maximum density . Fianc- =l 0yt (R e »
The British standard temperature . N (62500 el T62:60%.
The boiling-point under one atmosphere . 212° ,, ,, 100°

296537



38 THE PRACTICAL ENGINEER’S HAND-BOOK.

The temperature used in calculating the specific gravity of bodies is
usually 62° Fahr.

Notable Temperatures.—Melting ice, 32° Fahr. ; boiling water, 212°
Jrahr., under the pressure of one atmosphere or in the ogen air; steam at
6o lbs. pressure per square inch by the steam-gauge, 307°5 Fahr. ; super-
heated steam 380° to 400° Fahr. Smoke in the funnel of 2 marine-boiler,
552° to 600° Fahr.; water in the hot-well, 100° to 120° Fahr.; boiler-
furnaces, 2500° to 3000° Fahr. Dull cherry-red heat, 1470° Fahr.; full
cherry-red, 1700° Fahr.; orange-colour, 2000° Fahr.; white-heat, 2370°
Tahr.; bright white-heat, 2500° Fahr.

The Mean Temperature of a place is the mean of its annual tem-
perature averaged for a number of years. The mean daily temperature
is obtained by dividing the sum of 24 hourly observations by z4—the
temperature being taken of the air and not of the ground. The mean
temperature of z4 successive hours is approximately equal to the tempera-
ture at 9 o'clock ax., and the mean temperature of the day—from g
o’clock, A.M., to 5 o'clock, p.M.—is approximately equal to the temperature
at 12 o’clock noon.

Temperature of the River Thames.—Sir C. B. Airy found from
observations of the temperature of the Thames extending over many years,
that on the average of thirty-three years the temperature of the Thames—
51'7°—is higher than the air at the Royal Observatory—50°2—by 1} degrees.
During the seven months, May to November, this difference averages 2°;
and during the winter, December to April, only 0'7°.  On the average of
the thirty-three years, july gives the highest monthly mean river tempera-
ture—65'7°—and January the lowest—39°4°. The high temperature of
73°1° was recorded as the average for June, 1846, and of 75'4° on July zoth,
1850.

Temperature of Seas and Lakes.—The temperature of the surface
of the sea varies with the seasons and with the direction of the ocean currents.
The surface temperature of tropical seas is generally the same as that of
the air, but that of polar seas is higher than that of the air, The average
winter temperature of the sea round the coast of England is higher than
that of the land. The mean annual temperature of the surface of the sea
round England is 49° Fahr.; the mean surface temperature of the Indian
Ocean is 89° Fahr.; and of the Red Sea 94° Fahr. The temperature of
maritime land is influenced by the winds which come from the sea, as
lhe air resting upon the surface of the sea acquires its temperature, and
is distributed over the land.

The Temperature of Deep-Sea-Water is considerably less than that
of the surface water ; the temperature decreases as the depth increases.
The temperature of the bottom of the sea in both temperate and tropical
climates averages 36° Fahr. The temperature of the bottom of lakes
averages 39° Fahr.

The surface water is the warmest part of the sea, its temperature extends
to different depthis in different seas, forming a stratum generally from 100
to 3co fathoms deep, below which the water becomes colder towards the
bottom, as will be seen from Table 10, which contains the results of
observations in various parts of the world.
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‘Table 10.—TEMPERATURE OF SEAS AND LakEs AT Various DEpTHs.

TSurface
tire) Fahe. Lot
North Pacific Ocean . 7o: Temperature at a depth of z500=34°
South Pacific Ocean . 67 5 k 1950=21°
North Atlantic Ocean . 40° o ) 3?,33:24*’
South Atlantic Ocean . 50° . g 300=33°
Equatorial Ocean %782 . ’ 300=3¢°
5 ;g: ”» . 6oo=35°
L) ”” » cO0=32
Lake of Geneva 70 o 4 350=iz°
Lake Sabatino, Rome . 77° e ' 490=44°
Loch Lomond, Scotland 50° % o 500=42°

Springs of Water assume the temperature of the ground through
which they pass. Shallow springs have the same temperature as the air,
but deep springs assume the temperature of the stratum of constant tem-
perature, or the mean annual temperature of the place.

Warm Springs of water rise from a depth below the stratum of constant
temperature. Their temperature is due to the internal heat of the earth,
and is an approximate indication of the depth from which the water rises.
Warm or thermal springs are largely impregnated with mineral matter,
such as magnesia, soda, iron, lime, manganese, potash, bromine, lithia,
iodine, and other substances. The maximum temperatures of a few noted
thermal springs are: Great Geyser, Iceland, 261° Fahr. ; Chandes-Aignes,
180° Fahr.; Wiesbaden, 160° Fahr.; Baden-Baden, 155° Fahr.; Lucca,
130° Fahr. ; Bath, 120° Fahr., and Buxton, 82° Fahr.

The Temperature of the Earth at the surface nearly equals that of
the air, but below the surface the temperature varies greatly at different
localities and in different geological formations. Limestone is the coolest
formation. The two coolest mines or tunnels are in limestone, viz.,
Chanarcillo Mines and Mont Cenis Tunnel.

Underground Temperatures.—The normal temperature of the earth
at a depth of about 30 feet in this country, and at a depth of 55 feet in
warm climates, is constant, and equal to the mean annual temperature of
the air at that place. Below that depth the temperature gradually increases
with the depth, and although it varies in amount in different kinds of rock,
its average rate of increase is 1° Fahr. for every 53 feet in depth, except in
exceptionally hot mines, where it sometimes increases 1° Fahr. for every
30 feet in depth. In a deep bore-hole near Schladebach, Germany, the
temperature at a depth of 4567 feet was 120° Fahr. In a deep artesian-
well at Pesth, the temperature at a depth of 3120 feet was 158° Fahr.
In a deep bore-hole at the Waterworks, Rizhmond, Surrey, the temperature
at a depth of 1447 feet was found to be 763° Fahr. In a shaft in the
Aberdare Valley the temperature was found to be :—At a depth of 546
feet = 56° Fahr.; 780 feet = 593° Fahr.; 1020 feet = 63° Fahr., and at
1272 feet deep = 664 Fahr. At the Denton Colliery the temperature at a
depth of 1317 feet was 66° Fahr.

Hot Mines.—The mines on the Cumstock Vein, Nevada, are extremely
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hot ; at depths of from 1500 to 2000 feet the thermometer placed in a
freshly—drllled hole will register 130° Fahr., and small bodies of water run
for years at 170° Fahr., and large bodies of water at 15 55° Fahr. The tem-
perature of the air is Lept down to 110° Fahr. by forcing in.fresh air cooled
over ice. In one of the mines the temperature increased as follows :—

100 to 1000 feet deep increase 1° Fahr. in 20 feet.

100 to 1800 2 3 3 30°5 feet.

100 t0 2300 o % 303 feet.

Iced water is drunk by the mmers in these hot mines, with apparently no
bad results.

Deep Mines.—The high temperature of deep mines forms an obstacle
to their working. At the Comstock Mines, Nevada, some years ago, the
miners could only work a few minutes at a time on account of the great
heat. At the New Almaden Silver Mine, California, the temperature at a
depth of 600 feet was 115° Fahr. A coal mine in Durham, 1814 feet deep,
has a temperature at the bottom of 78° Fahr.; at another, near Manchester,
2150 feet deep, the temperature is 75° Fahr.; at a copper mine in Cornwall,
2100 feet deep, the temperature is 88° Fahr.; and water is obtained from a
well at Grenoble, France, 1797 feet deep, at a temperature of 81'7° Fahr.

The Internal Heat of the earth may be seen from the following
examples, taking in each case the surface temperature at 42° Fahr,, and
the rate of increase of temperature at 1° Fahr, for evary 60 feet in depth:—

Water will boil at a depth of

212° boiling point—42° x 60 feet . A
1760 yards X 3 feet = 1'93 miles; an
Brass will melt at a depth of
1650° melting point—42° X 60 feet
1760 yards x 3 feet

Quantities of Heat are expressed in units of weight of water heated
one degree.

The British Tnit of Heat, or Thermal Unit, is the quantity of heat
necessary to raise the temperature of one pound of water at 32° Fahr. one
degree Fahr.—that is, from 32° to 33°. Dr. Joule found that by the
expenditure of one unit of heat, 772 lbs. weight could be raised one foot
high. The mechanical measure of heat is, therefore, taken at 772 foot-
pounds for one unit of heat. Heat and mechanical energy are mutually
convertible, and heat requires for its production, or produces by its
disappearance, mechanical energy, in the proportion of 77z foot-pounds
for each unit of heat.

The Specific Heat of a body means its capacity for heat, or its power
of storing heat ; or the quantity of heat required to raise the temperature
of the bhody one degree Fahr., compared with that required to raise the
temperature of an equal weight of water one degree. Water is taken as the
standard for comparison of specific heat, and its specific heat exceeds
that of nearly all other bodies. The specnﬁc heat of all colid and liquid
substances is nearly constant for temperatures up to 212° Fahr. ; but above
that point the specific heat increases as the temperature rises. The specific
heats of solid and liquid substances at ordinary temperatures, are ngen in
the following table ::

= 1827 miles.
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Table 11.—SprciFic HEAT oF Sorip 4ND Liquip BonIEs, AND OF GASES,
FROM THE EXPERIMENTS OF REcNaurt, PourLier, PrTIT, AND

DuronG, DartoN, DESPRETZ, AND LAPLACE.

Water at 32° Fahr. = 1°'0000 | Chloride of calciun. . 1642
Iridium 1886 | Zinc, 32—572° F. . ‘1015
I\Ianganese ‘1442 || Lead, "0314: Gold ‘0325
Cast-iron . 1299 Silver ‘0570
Steel, soft, ‘1166 : hard ‘1185 | Antimony, 32——3,2° F. '0347
Wrought iron, 32—212°F. ‘1099 | Bismuth . *0308
s 32—392° F. ‘1152 Cadmium ‘0567
£ 32—662° F. -1256 | Platinum at 212° F. ‘0335
Copper, 32—212° F. . 0952 - 572° F. '0343
o 32—3572° F. . ‘1014 ' 2192° F. ‘0381
Brass, ‘0940: Tin . . o569 | Mercury, solid ‘0320
Zing, 0955 : Cobalt . ‘1069 k) liquid o ‘0334
Molybdenum . . ‘o721 o 32—s572° F. . ‘0350
Palladium . 3 . . ‘0593 | Nickel . o d ‘1087
Uranium . . 0619 | Sulphate of potash “1gor
Tungsten . o364 - lead . 0873
Qunckhme . 2170 || Protochloride of mercury . ‘0689
Magnesian llmestone . 2175 | Perchloride of tin ‘1016
Chalk ., . . 2149 | Diamond ‘1469
White marble . . ‘2159 | Sapphire . 5 . 2174
Stonework . ‘1972 | Bromine, ‘0840 : Iodlne . 0542
| Brickwork 5 .« 1913 || Tellurium o ‘0516
Glass, 32—212° F. . ‘1770 || Ozk, *5710: Fir . ‘6510
» 32—s572°F. . ‘1goo | Pear tree . ‘5020
Coke, 2030: Coal . 2412 i Olive oil *3010
Anthracite . . ‘2017 || Turpentine . 4700
Graphite, natural 2019 || Acetic acid, concemrated . 6580
- from blast fur- Vinegar, *9200: Alcohol . ‘6590
naces . 4970 || Essence of orange ‘4890
Magnesia . . . 2276 a1 lemon 4880
Ice, '5040: Soda. o o 2301 0 juniper 4770
Anmmal black . . +2609 || Benzine, 50—68° F. 3932
Charcoal . 3 . . -2415 | Ether, oxalic L . 455§

Phosphorus, 52—212° F. . 2504 ,, sulphuric, density
Sulphur o o s 2026 *76° . s . . 6600

-y recently cast . 1845 || Chloride of calcium, solu-
Nitrate of silver . 1436 tion . 6448
A potass . 2388 | Wood spirit, 59—68° B ‘6010
5 soda . 2783 || Sulphuric acid . . 6613
barytes . 1523 || Water from 32—212 F. . 10052
(,hlorxde of lead . . 0665 || Air . ‘2380
» tin ‘1476 || Nitrogen, 2445 Oxygen 2190
. zinc . . ‘1362 | Hydrogen . 3°4050
. magnesium 1946 | Gaseous steam . *4757
' manganese 1426 | Ammoniacal gas . 5086
5 sodium . *2200 i Olefiant gas *3706

L
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The Specific Heat of Bodies varies considerably, as may be seen
from the previous table, Woods average one-half of the specific heat of
water ; coal averages one-fourth, and coke, stone, brick, glass and sulphur
each average one-fifth the specific heat of water. The metals have the least
specific heat. The specific heat of bismuth is ‘03084, therefore, the quantity
of heat that would raise a given weight of bismuth through one degree
Fahr. would only raise the temperature of the same weight of water through
‘03084 of a degree. The specific heat of mercury is ‘033, and the quantity
of heat that would raise the temperature of mercury one degree, would only
raise the temperature of the same quantity of water ‘033 of a degree;
hence the same quantity of heat that would raise 1 lb. of water 1 degree,
would raise the temperature of 30 lbs. of mercury 1 degree. The specific
heat of iron is only about one-ninth that of water, therefore nearly g Ibs. of
iron would be raised to a given temperature, by the same quantity of heat
which would be required to raise 1 Ib. of water to the same temperature.

The specific heat of the same body is less in the solid than in the liquid
state, for instance :—

The specific heat of water is 1°000 liquid and ‘504 solid.
Ditto mercury ‘0333 ‘0319,
The specific heat of water in a gaseous state, or steam, is '662.

Capacity for Heat means the quantity of heat required to raise the
same weight of different bodies through the same number of degrees of
temperature. If the same weight of several different substances be heated
to the same degree of temperature and tested in an ice-calorimeter, their
capacity for heat will be determined by the quantity of ice melted by
each substance. Water has a greater capacity for heat than any other
substance.

The Calorimeter is an instrument for determining the total amount of
heat in a body, or its specific heat. The ice-calorimeter consists of three
concentric vessels of tin, in the central one is placed the heated substance
to be tested, and the other two are filled with pounded ice. The ice sur-
rounding the central vessel is melted by the heated substance, and the ice
in the outer vessel excludes the heating influence of the external air. Each
compartment is fitted with a cock to draw off the water produced from the
liquefaction of the ice. The water from the melted ice in the compartment
surrounding the central vessel will be proportional to the heat stored in the
substance in the calorimeter ; and if the weight of melted ice be divided by
the number of degrees through which the substance has fallen, it will give
the quantity of ice which the substance would melt by falling through one
degree. A substance in cooling from a given temperature to zero, gives
out as much heat as it absorbs in being heated from zero to the given
temperature.

The Calorimeter used in Boiler-Tests, in its simplest form, consists
of a barrel provided with a stirring-arm revolving on a vertical shaft fot
mixing hot and cold water, The barrel is placed upon a weighing
machine, and is supplied with a certain weight of cold water, into which
steam is discharged from a pipe connected to the boiler. The rise of
temperature of the mixture of water and steam is indicated by a thermo-
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meter, and when the temperature fixed as a bdsis of calculation is reached,
the weight of the water is taken. The difference between the weight of the
barrel of water before and after the addition of the steam, gives the weight
of condensed water received as steam from the boiler. If—

W = the original weight of water in the calorimeter,

w = the weight of condensed water, or water added by heating with
steam,

¢ = the temperature of the original water in the calorimeter,

#, = the temperature of the water after the admission of steam to
the calorimeter,

T = the temperature of the steam admitted to the calorimeter,

! = the latent heat in the steam of boiler-pressure :—

then the heat imparted to the water by the steam will=W (/, — #).
The sensible heat imparted to the water by the steam = w (T — ¢#,). 1f
the portion w (T — #,) representing the sensible heat of the water added
by the condensation of the steam from the boiler, be subtracted from
W (¢, — #), representing the total heat given to the water in the calorimeter,
the remainder will be the heat-units used for evaporation in the steam at boiler-
pressure, which divided by the latent heat of steam, /, will give the weight
of water in lbs. which the heat of steam of that pressure will evaporate.
Representing the weight of water in Ibs. by x, then

._“/(ll_l)_u'(T_ll)
i 7

If E = the heating efficiency of the steam supplied, compared with
saturated steam between the same limits of temperature, H = the total
heat of the steam at the observed pressure, and Q = the quality or dryness
of the steam :—Then

W, — 4
=t
w(H—¢)
= H=-)C—FE)
Q=1 7

or Q=-§~-{%(1,—1)—(T—11)}

Then when Q is less than 1, the percentage of moisture in the steam is
= 100 (1— Q). When Q is greater than 1, the number of degrees that
the steam is superheated = 2'0833 7 (Q — 1).

Latent Heat.—When a solid body is heated and ultimately passes
into the liquid state under the influence of heat, the temperature of the
body rises until it reaches the melting point, when the temperature remains
constant whatever the intensity of the heat may be, and the heat thus
absorbed by the body in changing its condition becomes latent, and is not
sensible to the thermometer, its only effect being to maintain the body in
its liquid state. This is called the latent heat of fusion or liquefaction, and
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represents the number of units of heat absorbed by 1 lb. of the solid in
passing to the liquid state ; when, on the contrary, the liquid passes into the
solid state, the latent heat is disengaged or restored. Every body, under
the same pressure, solidifies at a fixed temperature, which is the same as
that of fusion or liquefaction. and the temperature remains constant during
solidification.

The Latent Heat of a Non-Metallic Substance may be found by
M. Person’s Rule: Subtract the specific heat of the substance in its solid
state from the specific heat in its liquid state, and multiply the remainder
by the number of the degrees Fahrenheit of the melting point. plus 256.
The product is the latent heat of fusion or liquefaction in heat units.

Table 12.—LaTeExT HEAT 0oF Fusion orR LIQUEFACTION OF SoLID

Bobiss.
Description of Substance. Iﬁa;fl:t 01"-{;{3:: Authority.
Ice . . F 1 1 . F 2 ‘ 142°6 Person.
Chloride of calcium . E . 5 5 730 o
Phosphate of soda . ! . . .| 1200 '
Phosphorus . . 5 o 3 o 90 o0
Spermaceti . . ) P . . 1480 3
Wax . 0 b a 5 0 3 175°0 o mp
Sulphur . 5 3 3 1 . o 17°0 %
Nitrate of soda . . . . LI 1130 5
Nitrate of potass . 3 o . .1 830 .
Tin . 1 . a P ’ _ 256 5
Cadmium . 9 . 1 ; 1 256 "
Bismuth } . . . . . 227 '
Lead J 5 . . . o o 9-86 )
Zinc . . . . . . . 50°60 5
Silver S 3 3 o 3 5 ol 37790 '
Cast-iron . : ; ; .. .1 23300 Clement.
Platinum . . . 3 5 5 o 46°00 '
Mercury . A 5 o a M o 3600 2

The latent heat of water is 1426, or in round numbers 143 units of
heat, being the number of units of heat absorbed by ice during the process
of melting ; the amount of heat thus absorbed would have raised the same
weight of water 143 degrees. Hence to melt one pound of ice requires as
much heat as would raise 143 Ibs. of water 1 degree Fahr.

The Temperature resulting from a Mixture of Water of different
Temperatures may be found by this Rule: Divide the sum of the
products of the weight in Ibs.of each quantity of water by its temperature
by the weight of the mixture in Ibs. Zxample : If 30 Ibs. of water at 328
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Fahr. be added to 40 lbs. of water at 212°, what will be the temperature of
the mixture? Then ;

30 lbs. X 32° = 960 Thermal units in the 1st quantity of water.
40lbs. X 212° = 8480  Thermal units in the 2nd quantity of water.

9440 = 40 lbs. + 30 lbs. =-9%4)3= 134%85 Fahr,,
the temperature of the mixture.

The Temperature resulting from a mixture of Ice and Water
may be found as follows: To melt one pound of ice will absorb 143
thermal units, that being the latent heat of water. Then let

I the weight of ice in Ibs.
W = the weight of water in lbs.
T = the temperature of the water.

Gugge ] (AN
I+W.

Example : If 10 Ibs. of ice be mixed with 10 lbs. of water at 212° Fahr.,:
what is the resulting temperature? Then 143—32=111 X 10=1110 and
212 X 10=2120—1110=1010-20 lbs.=50%5 Fahr., the temperature of the
water.

The Weight of Ice to be added to Water to Cool or lower its
Temperature may be found as follows :—

The resulting temperature =

Let T°=the temperature of the water to be cooled.
t°=the temperature the water requires to be cooled down to.
W=the weight of water in lbs. to be cooled.

Weight of ice = (L= %W

(143—32)+t.
Example : How many pounds of ice must be mixed with 10 lbs. of water
at 212° Fahr., to obtain water at a temperature of 50°5 Fahr.? Then

o _soos= 1615 and= ., 16T5X10__ _ 1615_ i
212°—~50%5=161 5and_(143» 32)_}_50_5_161.5_10 Ibs. of ice.

The Temperature resulting from mixing Mercury with water
may be found as follows, when the temperature of the mercury is /ess than
that of the water :—

The specific heat of water is 1.

The specific heat of mercury is ‘033.
T=the temperature of the water.
t=the temperature of the mercury.

The temperature of the mixture will be=I—T—%t—+ t

Example : If 1 1b. of mercury at 52° Fahr. be placed with 1 Ib. of water
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IERAO33ENSI033
154°8 4 52°=2068° Fahr., the temperature of the mixture.

When the temperature of the mercury is greater than that of the water,
the temperature of the mixture may be found as follows:—Every 303
degrees given up by the mercury will only heat the water 1 degree, and the
difference of the temperatures of the mercury and the water divided by
303+1, and added to the temperature of the water, will give the tempera-
ture of the mixture.

FLxample 1: If 1 Ib. of mercury at 212° Fahr. be placed with 1 Ib. of
water at 52° Fahr., what is the resulting temperature ?

% =5°11452°=57%11 Fahr., the tempera-

212° Fahr.,, what is the resulting temperature ? Then

Then 212—52=160, and
ture of the mixture.
Example 2: If 1 1b. of mercury at 212° Fahr. be placed with 10 Ibs. of
water at 42° Fahr., what is the resulting temperature ?
170

=3 LIy
31°3x101bs. 54+42=42%54 Fahr, thetem-

Then z12—42=170, and
perature of the mixture.

Fxampte 3: How much mercury at a temperature of 212° Fahr. will be
required to melt 20 Ibs. of ice ?

Then 143 latent heat of water x 20 Ibs.=2860, and .
2860
212° X ‘033 specific heat of mercury

= 4088 lbs. of mercury.

Laws of Expansion of Metals by Heat.—Metals expand equally in
all directions, only when of uniform homogeneous texture, free from
laminations and impurities. The rate of expansion is not constant for
each metal, but varies with its mixture; for instance, four different
mixtures of gun-metal, heated to the same temperature, were found to
expand respectively per degree of heat = -cooco1o461, ‘cooo10576,
000010645, *000010783. The expansion of a metal is greatest when it is
pure and homogeneous, less when it is fibrous or porous, and least when it
is either'in a burnt or rotten state. When a metal has coarse fibres, the
expansion will be greater along than across its fibres.

Expansion is increased by rolling, or compressing the metal. as it closes
the pores and makes the texture of the metal more uniform. The amount
of force exerted by heat and cold in the expansion and contraction of a
metal, is equal to that which would be required to stretch or compress it
to the same extent by mechanical means.

The Expansion of Metals for every degree Fahr, of increase of
temperature, is frequently taken at six parts in one million parts for cast
iron, that is 6 inches in a length of one million inches: at 7 for wrought
iron: 8 for steel not tempered : g for brass: 10 for tempered steel : 12 for
tin and lead.

Example: If a bar of wrought iron, 10 feet long, be heated from
62° Fahr. to 212° Fahr. required the length due to expansion by heat.
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Then 212° — 62° = 150 degrees increase of temperature, and 150° x 7

= 1050 inches increase of lenfgth due to expansion in a length of one
1050 X 10 feet X 12z inches _ . s

1 s 126 inch the additional

length of the bar due to expansion by heat.

Example 2: A multitubular boiler is 10 feet long, the plates are wrought-
iron, the temperature of the bottom of the shell is 238° Fahr., and that of
the remainder of the shell 308° Fahr, If the difference between the expan-
sion of the top and bottom of the shell be apportioned at 4th for compression
on the top of the shell and § for tensile strain on the bottom of the shell :
—How much will the elongation be, in parts of the length of the boiler ?

Then taking the temperature of the air outside the boiler at 58° Fahr.

The expansion of the top of the woiler will be

million inches, anc

o __ O 3
(308 58°) ;(og X 120 inches long _ 3700 inahl

The expansion of the bottom of the boiler will be
o] ) 3
_ (238° —58°) X 7 x 120 inches long __ “1512 inch.
1000000
Leaving a difference of -2100 — ‘1512 . . = 0588 inch.

Then ‘0588 -+ 4 == ‘0147, the allowance for the compression of the top-
plates, and ‘0147 X 3 = ‘0441, the allowance for the tensile strain on the
bottom-plates.

Then ‘0441 + ‘1512, the expansion of the bottom plates = ‘1953, the
total expansion, and ‘1953 =+ 120 inches length of boiler = "co162.

The expansion of a metal-pipe is sometimes employed as a means of
automatically working the valve of a drain-pipe for draining condensation-
water from steam-pipes. The valve-seat is placed at the bottom of the
drain-pipe, and the valve is held by iron rods connected to 2 crossbar fixed
on the drain-pipe above the valve. When the drain pipe contairs steam,
it expands and closes the valve ; when it contains water, the pipe cools and
recedes from the valve, and the water escapes. Taking steam at 212°
Fahr., and condensation-water at 112° == 100° difference of temperature,
a wrought-iron pipe 10 feet long would expand = 120 inches X 100° X
00000658 = 078y inch.

Average Expansion of Substances by Heat in length and volume.
The results of experiments by various authorities are given in Table 13,
the use of which may be illustrated by the following examples :

Example 1: How much will a bar of average quality wrought-iron, 20
feet long, expand in length when heated 150 degrees?

Then 20 feet X 12 = 240 inches X ‘00000658 X 150 degrees =
-23688 inch, or nearly % inch, making the bar 2o feet of inches long.

Lxample 2: How much will 64 cubic feet of oil expand when heated
100 degrees, and what would the volume of the oil be ?

Then 64 cubic feet X 00044445 X 100 degrees = 2°8444 cubic feet
the expansion, and the volume of the oil would be 64 + 2:84431 =
668444 cubic feet.
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“able 13.—LINEAR, SUPERFICIAL, AND CUBICAL EXPANSION OF SUBSTANCES,
&c., By Hear, PER DEGREE FAHRENHEIT, FROM 32° FAHRENHEIT.
Superficial expansion, or expansion in length and breadth, is twice the
linear expansion ; and cubical expansion or expansion in length, breadth,
and depth, is three times the linear expansion.

. . | .
Description of Substance. Temperagure. - Linear Euperﬁpxal ‘ FCu}:m:;‘\l

Permanent gases . .| 32—212 |'00069417 | 00138834 ‘00208251

Water . 4 . .392—572 | ‘00018905 |'00037810 | ‘00056715
Water . 5 ; . |212—392 | *00017067 | ‘00034134 ‘00051201
Water . 32—z12 | 00008807 | ‘000z 7614 00026421
Alcohol and mmc acxd 32—212 |'00015153 |'00030306 00045459
Ol . o .| 32—212 |'00014815 | 00029630 | "00044445
Turpemme and ether . 32—212 |'00012967 | 00025934 |'00038901
Sulphuric acid . . .| 32—212 |'00011112 |'00022224 |'00033330
Salt solution : .| 32—212 |'00009252 | 00018504 |'00027756

Zinc, hammered . .| 32—212 {*00001728 | ‘00003456 ‘00051840
Zinc, cast . 3 .| 32—212 | 00001636 | ‘00003272 |-co049080

Lead 5 . .| 32—212 |'00001586 |°00003172 |'00004758
Tin, hammered . .| 32—212 | ‘00001508 | ‘00003016 |°00004524
Hard solder . . .| 32—212 | 00001436 |°00002872 |'00004308
White-metal . 5 .| 32—212 }"00001325 | 00002650 |'00003975
Tin, cast . . 32—212 |"0000121I0 |°00C02420 | ‘00003630
Compressed gun-metal 32—212 ]°00001130 | ‘00002260 | 00003390
Silver, hammered . .| 32—212 | ‘00007118 | ‘00002226 |'00003354
Silver, pure . . .| 32—212 |'00001063 | 00002120 |'00003189
Copper : 5 .| 32—572 | ‘00001095 | 00002190 |'00003285
Copper . 32—212 | 00000958 |‘co001810 |'0000z874

Brass-sheets and plates 32—212 |'00001078 | 00002156 |'00003234
Brass, cast . . .| 32—212 | 00001047 | ‘00002094 |°00003141

Phosphor-bronze . . .| 32—212 |*00001067 | ‘00002134 |'00003201
Gun-meta] . .| 32—212 | ‘00001062 ‘00002124 |'00003186
Gold, hammered . .| 32—212 |"00000837 | 00001674 | ‘00002511
Gold, pure . o .| 32—212 |'00000821 | ‘00001642 |'C0002463
Wrought-iron . . .| 32—572 | 00000892 | 00001784 | ‘00002676
Wrought-iron, average . | 32—212 |'00000658 |°05001316 | ‘00001974
Wrought-iron, best . .| 32—212 |"00000685 | 00001370 | 00002055
Cast-iron . .| 32—212 ]| 00000630 | ‘00001260 | ‘00001890
Malleable cast-iron . . 32—212 |'00000636 | 00001272 | ‘00001908
Cast-steel . . .| 32—212 |'00000615 | ‘00001230 | 00001845
Cast-steel castings .| 32—212 |'00000621 | ‘00001242 | ‘00001863
Hardened steel . .| 32—212 | 00000695 |-00001390 | 00002085

Compressed-steel . .| 32—212 | 00000650 |*00001300 |*00001950
Mild-steel boiler-plates . | 32—212 |*00000672 | 00001344 | ‘00002016
Mild-steel boiler-plates
Siemens-Martin, best
Roman cement . «| 32—212 |*00000800 |“00001600 |'0O0O2400
Bismuth 3 5 .| 32—212 1'00000780 | ‘00001560 | 00002340

32—450 | ‘00000700 | 00001400 | ‘00002100




EXPANSION AND CONTRACTION OF SUBSTANCES. 49
Table 13 continued.—EXPANSION OF SUBSTANCES, &c.

Description of Substance. Ten};;;;x:&ure. = Linear g“P"ﬁF:“l WC“M‘:‘?‘
Wire, brass. 32—z212 |‘00001074 |'C0002148 |-00003222
Wire, iron 32—212 |'00000745 | 00001490 |°00002235
Mercury 32—212 |'00003334 |'00006668 | 00010002
Glass 1392—572 | 000006635 | 00001330 |°00001995
Glass . 212—392 |'00000550 | 00001100 |*00CO1650
Glass .| 32212 100000482 | *00000964 | "00001446
Antimony .| 32—z12 |'00000010 | 00001220 | ‘00001830
Palladium 32—212 00000560 | 00001120 | ‘00001680
Platinum 32—572 | 00000525 | ‘00001050 | "00001575
Platinum 32—212 |'COCO0500 | ‘00001000 | 00001500
Marble 32—212 |'00003620 |°00001240 | 00001860
Granite . 3 32—212 00000440 | 00000880 |*00001320
Kentish rag-stone 32—212 ]'00000452 | ‘00000904 | ‘00001356
Bath stone 32—212 |['00000405 |‘00000810 |°00001215
Stock-bricks 32—212 |-00000306 |*00000612 |'00000918
Fire-bricks 32—212 |°00000235 |°00000470 | ‘00000705 |
Slate . 32—21z |'00000577 | 00001154 | 00001731 |
Gutta percha . .| 25— 60 |'00008450 (‘00016900 |'00025350 |
ES o b . |—17—+3c]| 00002857 | 00005714 | 00008571 t

Table 14.—ConTrACTION OF WROUGHT-IRON ON
THE EXPERIMENTS oF WRIGHTSON, HOWE, AND OTHERS.

SuppeN COOLING, FROM

o Number
Size of Bar or Wire le‘?:;alolen i::e.Of q?xt;;gi:eejl I;,%?u:;%:n?‘ !

Inches. Times. Percnt.
Bar, 1} inches square 3005 5 76
Bar, 1} inches square 30°05 15 226
Hoop, 13} inches wide 5770 5 61
Hoop, 1 inches wide 57°70 20 2°25
Wire, ‘022 inch thick . 7100 20 31
Wire, *o12 inch thick 7275 20 ‘09
Wire, 009 inch thick . 92'75 5 ‘06
Bar, 1 inch square . 3600 1 ‘001
Bar, 1 inch square 3600 6 ‘005
Bar, 1 inch square 3600 12 ‘008
Bar, 1 inch square 3600 20 ‘012
Tire, 6 feet diameter 226°25 5 009
Tire, 6 feet diameter . 226725 10 ‘015
Tire, 6 feet diameter 22625 15 ‘022

Contraction of Wrought-iron by Sudden Cooling.—If a bar of
wrought-iron be suddenly cooled from a bright-red heat, the contraction
which occurs is considerably greater than the expansion previously caused
by heating the bar, so that its final length is considerably less than its

E
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initial length. If the heating and cooling of the bar be repeated, say
30 times, a further permanent contraction occurs at each successive
cooling. Thick bars contract considerably more than thin ones, as will be
seen from the results of experiments given in the previous Table, showing
that bars 1} inch square contracted about seven times as much as wire of
less than 3% inch in thickness.

COAL AND OTHER FUELS.

Coal is the product of the decomposition of vegetable matter, and
is composed of carbon, hydrogen, oxygen, nitrogen, and sulphur. Its
impurities consist of silica, alumina, magnesia, lime, oxide of iron and
carthy matter. The more carbon the coal contains the more heat it will
vield. Coal deteriorates rapidly by exposure to the atmosphere, owing to
the gradual escape of the constituent gases.

Weight of Coal.—Coal in its natural bed weighs about 8o lbs. per
cubic foot, and in its broken or loose state it averages 48 lbs. per cubic foot,
small or screened coals weigh 43 Ibs. per cubic foot. Hard coals contain
from 5 to g per cent. of volatile matter, and soft coals from 15 to 35 per
cent. of volatile matter. Those coals contain the most volatile matter which
swell up and present a volcanic appearance in burning. All coals contain
a certain percentage of water; and they yield in burning from 13 to 10 per
cent. of ash,

Anthracite Coal is of homogeneous structure and jet-black colour. It
yields intense heat, and contains from 9o to 95 per cent. of carbon, and
from 5 to g per cent. of volatile matters. It ignites with difficulty, makes
hardly any smoke, and emits no sulphurous fumes; it burns with a short
feeble flame, falls to pieces much in burning, and does not cake ; specific
gravity, 1°36 to 1-60.

Bituminous Coals are lighter than anthracite, and consist of several
kinds, viz., clear-burning, flaming, and fuliginous coals.

Clear-burning Coals are fragile, ignite with difficulty, and burn slowly
with a short, clear, bluish flame, and contain from 15 to 25 per cent. of
volatile matter. Some bituminous coals, on being heated, cake, and others
swell up and fuse.

Flaming Coals are black and glossy, ignite with difficulty, and burn
away rapidly with a long whits flame ; they contain from 20 to 35 per cent.
of volatile matter.

Fuliginous Coals ignite easily, and burn away rapidly with a long
yellow smoky flame, and contain upwards of 35 per cent. of volatile matter,

Semi-bituminous Coals are of dull-black colour, with from 10 to 20
per cent. of volatile matter, do not cake, and burn with greater flame than
anthracite.

Bituminous or Gaseous Coals are hard and strong, of dull lustre
and brownish-black colour.

Newcastle Coal is a flaming coal, it burns faster and makes more
smoke than Welsh coal. In order to obtain the same evaporative economy,
shorter fire-grates are required in burning Newcastle or long flaming coal,
than for a coal containing a less quantity of volatile ingredients, such as
Welsh coal, because the generation of heat is spread over a greater length



COMPOSITION AND WEIGHT OF COAL. 51

of surface by the long flame of the flaming coal, than the short flame of
Welsh coal. The furnace-bars should be spaced wider apart for Welsh
coal than for Newcastle coal, as it requires more air.

Composition of Coal.—The average composition of several kinds of
coal is given in the following Table :—

Table 15.—ConposiTioN, WEIGHT, &, oF CoAL.

|
|Anthra-| Aber- 7 New- | Lanca- | Derby- | York-
Constituents, &c. cite dare ‘édslh castle | shire shirey shire Swtf
Coal. | Coal. | ©°3 | Coal. | Coal. | Coal | Coal. | Co8l
Carbon, per cent. . . . | 92700 | 8828 |82 | 8360 [ 8070 .| 8owo 'g0 | 79°s0 |
Hydrogen . . .- 3'80 424 4766 528 5°50 4'85 72'83 2'58
Oxygen el o 5 . 1'00 165 260 4°65 8.48 990 | 10'10 833
Nitrogen . . . .- 1'00 1'66 1°45 1'22 1'12 1'35 1'40 1'14
Sulphur a a o o 70 ‘91 1'77 1'25 1°50 1'10 1°00 145
Ash. . . . . .| 1% | 326 | 326 | 400 | 270 | 2130 | 277 | 40
Specific gravity . . . 1'37 1'32 1°31 1'25 127 1'30 1729 126
Weight of a cubic foot in | }
1bs. in solid state . .+ | 8560 82750 81°g0 7810 79°40 81°20 8060 7870
‘Weight of a cubic yard in
tons, in solid state = . . 1°031 ‘994 987 ‘941 957 978 ‘972 948
A‘;‘eraged bulk g_f l9ne ton, 7
eaped, in cubic feet . . 41 42 43 4 45 44 laas | 45%s
§ Wi ‘ Shday |
How it burns B ae o diffi- | Slowly. | Slowly. |Quickly | Quickly |Quickly | and = { Quickly
{| culty. 1 E .| cakes. .
Dranght required . . -} | Quick. Quick. | Quick. Ordiy [ordi [0t i [ Ona
Quantity of smoke : None. “:l‘.y"’ ]vl;}'g Large. | Large. | Large. | Large. leg:_

The Specific Gravity of Coal may be ascertained as follows : suspend
from the under side of the pan of a weighing-balance a piece of coal by
means of a horse hair, and weigh it both in and out of water, divide its
weight in the air by the loss of weight when in the water, and the quotient
will be the specific gravity. -

FExample : A piece of coal weighs . 5 o . 561 grains
Its loss of weight when weighed in water is . . . 445 grains
Then 561-+445=126 specific gravity of the coal compared with water.

Table 16.—WEIGHT oF CoAL.

WEiGHT oF A Cusic FooT oF Locse
Weight of Coal in the | CoaL.
Specific Gravity. Natural Bed, per
Inch thick per Acre.
Large Coal. ! Small Coal.
Tons. 1bs. Ibs.
1'10 111°25 43 38
I'1g 11653 45 39
1'20 121°76 47 41
125 12684 4Q 43
1°30 131°92 51 44
35 13659 53 46
1'40 141°95 55 48
1°45 146°75 57 49
Lo =1 152°00 59 51

E 2
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The Weight of Coal in its natural bed, per inch in depth per acre—
allowing for loss in working—available in a given area of seam is approxi-
mately equal to the weight of the same surface and depth of rainfall, or
about 100 tons per acre ; and the weight in tons of an acre of coal 1 inch
thick is approximately equal to 100 times its specific gravity. .

The Heating Power of Coals, or their average evaporative power in
pounds of water from 212° converted into steam by 1 Ib. of coal, is as
fellows : —

Anthracite coal 5 3 o 2 : o 3 . 910
Bituminous clear-burning coal . . - Nl o OO
Bituminous flaming coal . . 5 5 5 2 . 810
Bituminous fuliginous coal . . 5 s s . . 810
Semi-bituminous coal o 3 o . o . . 900
Gaseous coal 3 d o . 3 o . . . 620

‘Warlich’s Patent Fuel is a mixture of small coal 1 ton, tar 10 gallons,
or 242 lbs., moulded into blocks and baked at a temperature of 800 Fahr.
for ten hours; the blocks in baking lose 5 per cent. of their weight.

Wylam’s Fuel is a mixture of small coal or slack g2 parts, finely
ground dry pitch 8 parts. The mixture is forced with an Archimedean
screw through a retort maintained at a dullred heat, and afterwards moulded
under pressure into blocks.

Mezaline’s Fuelisa mixtureof finely ground small coal and pitch; during
the process of grinding it is softened by superheated steam. Fuel prepared
in this way loses 4 per cent. of its weight when exposed to a high temperature.

Barker’s Fuel is a mixture of one ton of small coal, thirty gallons of
farina-mucilage—consisting of farina 1 part, water 4 parts, and a small
quantity of carbolic acid—and a small quantity of powdered pitch. The
mixture is baked for g hours at a temperature of 300° Fahr.

Holland’s Fuel is a mixture of small coal, lime and cement; hence it
makes when burnt a considerable quantity of ash.

Penrose and Richard's Patent Coke is a mixture of 60 per cent. of
anthracite, 35 per cent. of bituminous coal, and 5 per cent. of pitch, ground
and mixed together; the yield of coke is 8o per cent. of the weight of the
charge. This coke is very hard, of steel-grey colour, and is about 23 per
cent. heavier than Welsh coke.

Weight and Bulk of Coal.—The weight of a cubic foot of heaped coal
varies from 44 to 58 lbs. The average weight of a variety of different coals
was found to be 50 lbs. per cubic foot.

‘Weight of Coke.—The weight of a cubic foot of heaped coke is 30 Ibs.

The Bulk of one ton of Heaped Coal varies from 37 to 50 cubic feet.
The average bulk is 45 cubic feet per ton.

Coal of medium density averages 13 cubic yards per ton heaped.

Peat of medium density averages 8 cubic yards per ton heaped.

The bulk of one ton of heaped coke averages 8o cubic feet.

The Admiralty allowance for the Bulk of Coal equals 40 cubic feet
per ton of 2240 lbs., and 48 cubic feet per ton of 2700 lbs.

Patent Fuels are lighter than coal. The average weight is 74 Ibs.
per cubic foot solid, and 65 lbs. per cubic foot heaped. The bulk of one
ton of patent fuel heaped averages 35 cubic feet.
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Petroleum-Refuse Fuel requires a space of 41 cubic feet to contain
one ton.

The stowage-capacity of Patent Fuels, Liquid Fuels, and Stores
is given in the following table :—

Table 17.—WEieHT AND SPECIFIC GRAVITY OF PATENT FuELs,
Liquip FuEers, AND StorEs.

Description. GREMEE | clvEY | o
Lbs. Tons.

\Vylam s patent fuel . 3 5 688 829 1'10
Lyon’s . 5 5 L= 706 851 113
Bell’ . . g 5 | 7172 ‘858 1'14
Livingstone’s . 5 . o & 71°2 858 1'14
Warlich’s . . o 3 o 71°9 867 1'15
Holland & Green’s 5 - 812 ‘978 1'30
Vinegar distilled welghs o c 68 1°009
Milk . I . L 64°3 1'030
Fresh water ’ 3 o c 62425 1°000
Wine . o 5 5 o ¥ 62 993
Tallow . s g 5 ; 59 ‘950
Linseed oil . 2 5 S s 587 ‘940
icerut c 58 ‘930
Rape seed oil and whale oil . . 574 ‘920
Alcohol, proof strength o : 574 ‘920
Olive oil 3 0" o ST ‘915
Gunpowder, averaoe 5 o o 567 ‘910
Petroleum . 3 : o110 54°9 ‘880
Turpentine 3 5 3 5 54'2 *870
Naphtha g o 5 Y 53°1 ‘850
Cotton waste . 3 L 5 11 ‘170

Dry Pine Wood requires 110 cubic feet to stow oue ton, and weighs
21 lbs. per cubic foot.

Bulk of Gunpowder, cubical contents of 100 lbs. weight of
gunpowder=1"774 cubic feet, or 3064 cubic inches.

The Quantity of Coal a Bunker will contain may be
found by this Rule : Multiply the length, width, and depth, in
feet together, and the product will be the contents of the
bunker in cubic feet, then divide by 45, the number of cubic
feet in a ton of coal of average bulk, and the quotient will be
the quantity in tons which the bunker will contain. The
section of a coal-bunker is shown in Fig. 16.

When the cubical contents in feet and two dimensions only
are given to find the third—

The Length of a Bunker may be found by dividing the

Fig. 16.—

cubical contents in feet by the product of the breadth and  coalbunker.
height in feet.

The Width of a Bunker may be found by d1v1dmg the cubical
contents in feet by the product of the length and height in feet.
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The Height of a Bunker may be found by dividing the cubical contents
in feet by the product of the length and width in feet.

The Cubical Contents or Space required in Cubic Feet to
contain Coal may be found by multiplying the number of tons by 45.

Lxample 1: Required the quantity of coals contained in a coal bunker
16 feet long, 8 feet wide, and 7 feet 6 inches high.

Then 16 x 8 X 7°5 = 960 =+ 45 = 21 tons, 6 cwt., 2 qr., 12 lb. of
coal.

Lxample z: Required the quantity of coals contained in a coal-bunker
20 feet long, 10 feet deep, 7 feet wide at the top, and 5 feet wide at the
bottom. First find the mean width by adding the two widths together and
dividing by two. Then 7 + 5 = 12 + 2 = 6 the mean width and 20 X
10 X 6 = 1200 <+ 45 = 26 tons, 13 cwt., o qr., 23 lbs. of coal.

Lxample 3: A coal-bunker is required 8 feet wide and 6 feet deep,
what length should it be to hold 2o tons of coal? To find the length
divide the cubical contents by the product of the width and height. Then
8 x 6 = 48, and 20 tons X 45 cubic feet = goo =+ 48 = 18 feet ¢ inches,
the length required.

Practical Analysis of Coal.*—The sample should represent an
average of the whole quantity—no less than one pound can be used.
This must first be ground in an iron mortar and sifted through a fine sieve.
What remains must again be ground and sifted until all passes through.

Estimation of Water.—Weigh off three grammes of the powdered
sample, and heat in an air-bath at 120°C. for twenty minutes ; then weigh
(after cooling). Afterwardsheat up again, weighing every ten minutes until
the weight is constant. Then the loss in weight = water.

Bituminous coals increase in weight by oxidation during the heating, so
too great care cannot be exercised in this part of the analysis.

Unless the percentage of water is specially desired it need not be re-
garded. Under all circumstances it is best to calculate all results in the
dry material, for which purpose heat up the sample for forty minutes and
place in a desiccator to cool.

Volatile and Combustible Material.—Place the dry sample in a
weighing flask. Deliver from it 0'500g. coal into a porcelain crucible, and
heat for ten minutes over the strongest Bunsen burner, the crucible being
kept covered all the time. Cool and weigh.

Loss = volatile and combustible material + § the sulphur of the
FeS;-

Fixed Carbon.—Take from the weighing flask about o*5cogr. and place
it in a tarred, open platinum dish. Heat gently at first over Bunsen burner,
then more strongly, and finally at highest heat, until all the carbon is
burned off.

Loss = volatile matter + 3 S + F. carbon. The difference is the fixed
carbon. The residue = ash.

Examine ash closely as to colour and texture.

Sulphur.—Oxidize 2g. of coal with zcc. c. fuming nitric acid and }g.
chlorate of potash in a porcelain dish. Cover with inverted funnel for two
hours at a very low heat, bring on to a filter, wash with boiling water, and
precipitate with BaCl,. Wash the precipitate in acetate of ammonia by

# See an article by Mr. A. K. Glover, in the ¢ Scientific American.”
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boiling up with it and decanting several times. From the BaSo, calculate
the sulphur.

Estimation of Total Carbon and Available Hydrogen.—Employ a
hard, infusible glass combustion tube 4ocm. long and about 1smm. in
diameter, drawn to a point. Fill one-third the length with dry fused
chromate of lead finely powdered. Then by means of a small delivery tube
insert 0°200g. of coal into the combustion tube. Mix well the coal and
chromate by means of a wire stirrer, and finally add more chromate,
stirring still, until the tube is filled to the extent of 35cm. At the anterior
end place a thick coil of copper gauze, to decompose the nitrous oxide
that may be formed. Then attach a chloride of calcium tube, carrying two
bulbs, to the tube by rubber cork. To the chloride of calcium tube attach
a U tube containing nitrate of lead, to catch the sulphurous acid formed,
and lastly the potash bulbs filled with strong caustic potash. Proceed
carefully as in any other delicate organic analysis, keeping the copper
gauze at a bright red heat. The posterior part of the chromate should be
heated the hottest. From the increase in weight of the potash bulbs calculate
the total carbon (fixed and volatile) and from the CaCl, tube the hydrogen.

Never use more than o'250g. of coal. In coals carrying as high as zo
per cent. of volatile material o'100g. is sufficient. Too much care in using
dry chromate of lead cannot be exercised, otherwise too much hydrogen
will be set down for the coal.

Heating Power of Carbon and Hydrogen.—Taking as a Aeat-unit
the heat necessary to raise the temperature of one pound of water through
one degree centigrade, oné pound of carbon (C) in burning to carbonic
acid (CO,) disengages 8080 thermal-units: and one pourd of hydrogen
(H) in burning to water (H,O) disengages 34,460 thermal-units. Hence
the following approximate Ru/e for finding the heating power. For a more
exact Rule see p. 57.

Valuation in Heating Power.—Multiply the percentage of total
carbon by 8080, and the available hydrogen by 34,460. Divide each result
by 100, and add together.

Lzxample : Required the heating power of coal containing 8o per cent.
carbon and 5 per cent. hydrogen.

Then (8o x 8080) + (5 X 34,460)
100

646400
1723'00

818700 = calorific or heating power.

If the English unit of heat, or the heat necessary to raise the temperature
of one pound of water through one degree Fahr., be taken as the heat unit
instead of that given above, then the multiplier for the above Rule will be
14,500 for the carbon, and 62,535 for the hydrogen

As a further means of comparison, it is often advisable to record the
amount of coke yielded by a given sample. The coke is the difference
between 100 per cent. and the volatile matter. Beyond the above analysis
nothing is wanted to enable a right judgment to be formed as to the value
of a sample of coal.
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COMBUSTION.

«Combustion is the chemical combination of substances—principally
carbon and hydrogen—with oxygen, the supporter of combustion, attended
with the evolution of heat and light.

The chief constituents of coal are carbon and hydrogen, neither of which
can be consumed while they remain united, the carbon or carbonaceous
portion is combustible only in its solid state, and the hydrogen, or bitumi-
nous portion is combustible only in the gaseous state.

Carbon is perfectly consumed when combined with 2°666 parts of oxygen
to form carbonic acid gas, and partly consumed when combined with one-
half that quantity of oxygen to form carbonic oxide gas or smoke.

Hydrogen is the lightest body known: it is 14 times lighter than air.
It is the main element in the gas evolved from burning coal, and its com-
bustion produces flame. Hydrogen in burning combines with eight parts
of oxygen to form nine parts of water. Bituminous coal contains from 5
to 6 per cent. of hydrogen, and as each pound of hydrogen in combustion
combines with 8 Ibs. of atmospheric oxygen, it produces g lbs. of water in the
form of steam ; and each hundred-weight of coal produces about 50 lbs. of
water.

The gaseous products of the complete combustion of 1 1b. of fuel,
are as follows :—

1 Ib. of carbon unites with 266 lbs. of oxygen to form 366 lbs. of
carbonic acid.

1 1b. of hydrogen unites with 8 Ibs. of oxygen to form g Ibs. of steam.
1 Ib. of sulphur unites with 1 Ib. of oxygen to form 2 lbs. of sulphurous
acid.

The sulphur may be omitted in ordinary calculations.

When Heat is applied to Bituminous Coal the first result is its
absorption by the coal and the disengagement of gas, from which flame is
exclusively derivable. The constituents of this gas are hydrogen and carbon,
and the unions form two gases, viz., carburetted hydrogen, and bi—carbu-
retted hydrogen commonly called olefiant gas. These inflammable gases
require certain quantities of atmospheric air to effect their combustion, and
they are only combustible in proportion to the degree of mixture and union
which is effected between them and the oxygen of the air. The chemical
assimilation of the volatilised coal-elements is retarded by contact with
cold surfaces, and assisted by hot surfaces. Air can be heated instan-
taneously, and when the heating-surfaces of a combustion-chamber are
highly heated, the air is instantaneously heated to the same degree of
tenuity as the hot gases, they therefore instantly unite and produce intense
heat.  When a sufficient supply of air is not provided to the furnace, the
result is waste of fuel from the escape of unconsumed fuel, in the gaseous
and smoky state, to the chimney. If the supply of air be correctly
regulated, there will be perfect combustion producing carbonic acid; but
if the supply of air be deficient, the combustion will be imperfect and
carbonic oxide will be produced.

The Heat developed by Fuels in burning, may be ascertained by
calculation when their chemical composition is known. The chemical
compositior: of various combustibles is given in the following Table.
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Table 18.—CuexicaL CoMpPoSITION OF COMBUSTIBLES.

‘ Description. Carbon. Hydrogen. Oxygen. ’ Ash.
| Coke, average of 25 analyses . | ‘93§ o | BT
! Charcoal, from wood, average ‘925 ‘075
Oil of turpentine ; .| 882 ‘118
Pine-wood oil . ’ 867 ‘106 ‘027
Paraffin, or petro]eum-ml b’ | s ‘145 \
Petroleum, average . 4 .| 840 ‘110 ‘050
Creosote, or tar-refuse L ‘100 *075
Spermaceti . . 5 A4 e Sl ‘123 ‘060
Beeswax . t g R LS ‘139 046
Coal, average . . : .| ‘8osa ‘052 ‘079 ‘041
Schist oil . : g Sonl 800 117 ‘083
Resin . . P , 4 791 ‘102 ‘107
Asphalte . . s 700 ‘095 ‘087 ‘028
Tallow . ) y . . 788 ‘118 20040 1) B
Sperm oil . 3 g o3l | 278 ‘110 103
Olive oil 3 5 5 .| 770 ‘134 ‘096
Lignite, bituminous . . ol °749 ‘075 130 '046
Lignite, perfect . 5 .| -690 ‘050 20z | ‘058
Lignite, imperfect . o b0t || L8R ‘053 ‘290 ‘055
Peat, perfectly dry . s .| -6o0 ‘060 *300 l ‘040
Peat, dry, average . [ 5710 060 ‘320 | -os0
Peat dry, medium quahty .| 460 ‘050 ‘437 | ‘053
Alcohol . ‘520 ‘135 *345
Wood-plmps, or bundles of }
twigs, dry . o i S (3 ‘060 *400 ‘030
Wood perfect]y dry, average M5 00 ello) ‘418 ‘022
Wood-bark, dry . o | 477 ‘063 *432 ‘028
Wood, pine, dry s S (A ‘055 485 ‘01§
Wood, oak, dry . 5 30 ‘053 *496 ‘021
Sawdust, dry . 5 ST Jir e ‘043 ‘531 ‘016
Straw, barley, dry . 3 23 [B5.80 *054 ‘510 ‘056
Straw, wheat, dry ! S 26O ‘050 ‘540 ‘050
Straw, oats, dry . o .| 348 '050 ‘557 *045

Heating-Power of Carbon.—One lb. of carbon burning to carbonic
acid develops 14500 units of heat according to Peclet, and 12906 units of
-heat according to Dulong.

One 1b. of hydrogen develops 62535 units of heat; the heat developed
by hydrogen is 62535 <- 14500 = 4°31 times as great as that of carbon.

One Ib. of hydrogen requires 8 lbs. of oxygen.

Atmospheric air contains zo per cent. of oxygen.

The Heat developed by a Combustible, or its Calorific Power, may
be calculated from its chemical constituents by this formula :—

Units of heat = (14 500 X percentage of carbon) + {62 535
o
5% (°/o hydrogen — M%y_gg)} :
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Coke contains ‘935 carbon, but no hydrogen or oxygen as will be seen
from Table 18. Therefore coke in burning will develop 14500 X *935
= 13557 units of heat per lb. of coke; this is its maximum calorific

Ower.

& The Effect of Oxygen in a Combustible containing hydrogen, is to
diminish its heating power. The oxygen is combined with the hydrogen in
the ratio of 8 to 1 forming water instead of leaving free the heat which
the hydrogen gives off in burning. When the quantity of oxygen in a
combustible is less than that ratio, it combines with one-eighth of its
weight, and the excess of hydrogen, above that neutralized by the oxygen,
yields its proportion of heat, which may be calculated in the following
manner :—

Heating Power of Peat.—As oxygen requires one-eighth part of its
weight of hydrogen, the oxygen in peat will require one-eighth of its hydro-
gen or ‘3208 = ‘04 hydrogen, the hydrogen in the peat is ‘06 ; therefore,
the excess of hydrogen available for yielding heat will be ‘06 — ‘04 = 02,
and the heat this fuel will yield will be as follows :—

Peat average, carbon = *570 X 14500 = 8265 units
Hydrogen in excess = -0z X 62535 = 1250 units

9515 units of heat
per 1b. of peat.
Heating Power of Coal.—Coal composed of -804 carbon: ‘o5z
hydrogen: ‘079 oxygen, will yield .
Carbon ‘804 X 14500=11658 units
Hydrogen., Oxygen.

Hydrogen ('052 ~:0872)='o422 x 62535= 2639 units

‘ 14297 units of heat
per Ib. of coal : its maximum calorific power.

Heating Power of Sawdust.—Sawdust in burning requires large
fire-grate surface, the grate-bars should be placed low, and thin grate-bars,
having narrow spaces between them, should be used. A thick layer of saw-
dust should be kept on the bars which will develop the following quantity
of heat :—

Sawdust when in a dry state, on an average is composed of ‘410 carbon ;
and 1 lb. of hydrogen for each 8 Ibs. of oxygen; and as the hydrogen is
thus neutralised by the oxygen, it deveiops no heat. Hence sawdust will
yield : carbon ‘410 X 14500 = 5945 units of heat per lb. of sawdust, its
maximum calorific power.

Heating Power of Liquid Fuel.—Petroleum-oil is largely used for
this purpose.

Paraffin or petroleum-oil, composed of ‘885 carbon and ‘145 hydrogen,
will yield—

Carbon  *885 X 14500 = 12832 units
Hydrogen ‘145 X 62535 = 9o67 units

. 21899 units of heat per lb. of oil,
its maximum calorific power.
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The heating power of petroleum, it will be seen from the above, is more

than 50 per cent. greater than that of coal.

Creosote-oil, or residue from the distillation of tar, is also used as liquid

fuel. Its composition is given in Table 18;

than that of petroleum-oil.

its calorific power is less
Creosote-oil is liable to crystallize at tempera-

tures below 120° Fahr., and it is necessary to place a small steam-pipe
inside the pipe through which the oil flows when using it as liquid fuel.
Gaseous Fuel.—The composition of average coal-gas is as follows :—

Hydrogen
Marsh-gas .
Carbon oxide .
Olefines
Nitrogen
Oxygen

51°C0
35'30
7'58
3'55
2°27
36

10000

The Maximum Heating-Power of Average Coal-Gas has been

found by experiment to be 700 heat-units per cubic foot of gas.

The

heating power of ordinary 16-candle-power coal-gas is 630 units of heat per

cubic foot.

As 30 cubic feet of coal-gas at 62° Fahr. = 1 1b., the maximum

heating power of 1 Ib. of coal-gas is 700 x 30 = 21000 heat-units, or more

than 50 per cent. greater than that of coal of average quality.

Table 19.—QuanTiTy oF Gas N Cusic FEET 0BTAINED FROM CoOAL.

o Specific Cubic feet of Gas | Weight in Ibs. '

escription of Coal. grzal;ls): of obta;r}eg o[:jr ton | of gfa?: 5.-51'. ton |
| Boghead s 752 15000 866
Capeldrae . 3 577 14400 638
Lesmahago 5 ' 618 13200 627
Arniston ! *626 12600 606
Newcastle . [ ‘475 11648 423
Welsh A 7377, 11424 645
Pelaw a L 11424 389
Pelton o . ‘437 11424 387
Bickerstaff, leerpool - ‘475 11424 415
Wigan o . '528 11400 461
Garesfield *398 10500 321
| Powell ‘459 10165 357
| Forest of Dean 4 ‘360 10133 279
| South Staffordshire ‘320 9600 235
Derby’s Deep Main ‘424 9400 308
- Derby's Soft Coal o ™o '528 7500 303
‘ (Leeds | . : s 3 5 530 6500 264

The volume of gas in cubic feet may be reduced to weight in Ibs. by
multiplying the volume by the specific gravity of the gas and by the constant

number ‘076,
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One Ton of Crude Petrolenm will yield 21000 cubic feet of good gas.

Pintsch-Gas, or Gas from Oil, is successfully used for lighting railway
carriages and for purposes where coal-gas is not available.* It is made by
decomposing petroleum or shale-oil, and is compressed to about 10
atmospheres. During compression, liquid is deposited in a chamber im-
mediately attached to the pumps, and to a much larger extent in the
reservoir in which the gas is stored, and from which it is delivered into the
iron recipients (drums) attached to the railway carriages. This liquid is
commonly called “hydrocarbon,” and for convenience it is designated
*¢ pump hydrocarbon ” and “reservoir hydrocarbon.” Notwithstanding the
nature of the material used in making oil-gas, the ‘hydrocarbon” is
practically free from paraffins, containing but traces of hydrocarbons in-
soluble in sulphuric acid; it essentially consists of benzene and tolzene,
mixed with hydrocarbons of the C,H,, and C,H,,—, series. The
‘““reservoir hydrocarbon” especially is saturated with gas, and on passing
this into bromine, a solid bromide, of the composition C,H ,Br,, is obtained,
which melts at 116° C, and is but slightly volatile. It seldom contains less
than about 50 per cent. of benzene and toluene. The “ pump hydro-
carbon ” differs from that deposited in the reservoir, only in being richer in
the less volatile constituents, )

In the Pintsch System of Manufacturing Oil-Gas, two cast-iron
D-shaped retorts are set one above the other; the largest size used being
6 feet 4 inches long, 10 inches wide, and g} inches deep. The oil is run
into the upper retort at one end, falling upon an iron-tray, which is loosely
fitted into the retort ; and to complete the decomposition, the vapours are
passed through the second lower retort. The temperature at which the
retorts are worked is very high—a bright cherry-red. The oil is run in at
the rate of about 12} gallons per hour, and about 8o cubic feet of gas is
yielded per gallon of oil.

In the Keith System of Manufacturing Oil-Gas, the retort is
generally 6 feet long, 5inches broad, and 1o inches deep, and is constricted
in the middle; it is made shallower in the middle and proportionally
broader, so that the sectional area is the same as at the end. The oil is
caused to flow down an inclined trough, so that it strikes the retort near the
constriction where the temperature is highest. It is stated that from 100 to
150 cubic feet of gas may be obtained from 1 gallon of oil, according to the
quality of the latter ; and with 12 retorts 2000 cubic feet of gas can be pro-
duced per hour, of so-candle-power. The results depend upon the quality
of the oil, and the manner in which the decomposition is effected.

GAS ENGINES AND HOT-AIR ENGINES.

Gas Engines possess many advantages over small steam engines, and
compare favourably with them as regards the cost of fuel. The “Otto”
gas engine, shown in Fig. 17, is single-acting, the cylinder being open at
the front end. The first forward stroke of the engine draws an explosive

* See a Paper by Professor Armstrong, in the ““ Journal of the Society of Chemical
Industry,”
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mixture of air and gas into the cylinder, which, on the return of the piston,
or first inward stroke, is compressed to about one-third its volume. At the
beginning of the second out-stroke, the compressed charge is ignited, and
the expanding gases propel the piston to the end of the stroke, the products
of combustion being expelled at the second in-stroke. The tested con-
sumption of coal gas by the “Otto” gas engine, when new, may be averaged

Fig. 17.—* Otto” horizontal gas-engine.

at from 18 to 22 cubic feet per indicated horse-power per hour for the
large sizes, to 25 cubic feet per indicated horse-power per hour for the
smaller sizes. At intermittent hoisting work, using coal-gas costing 3s. per
1000 cubic feet, the cost of working a 3} horse-power engine, taking an
average of three months’ consumption of gas, has been found to be as low
as tenpence per day. The cylinder of the * Otto” gas engine is shown in
section at Fig. 18. The slide is shown in the position when it is about.

h
Fig. 18.—Section of a cylinder of an “ Otto” gas-engine.

to ignite the charge in the cylinder through passage 4; the slide has carried
the light B from the light c, which is always burning when the engine
is working ; the light B is extinguished after every explosion. The light B.
is fed with gas through a small passage in the slide. This passage will be.
closed just before light B reaches chamber 4, and it ignites the charge.
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In careful tests of a single *“ Otto ” gas engine of 30 indicated horse-
power, the total consumption of fuel was found to be only 1°2Ib. per indi-
cated horse-power, and 1°5 Ib. per brake horse-power per hour.

Dowson’s Water-gas is used for large gas engines. It is very much
cheaper than coal-gas, its cost being only about three pence per thousand
cubic feet; in an “Otto” gas engine using this gas, the consumption is as low
as 1°3 lb. of anthracite coal perindicated horse-power per hour. An analysis
of this gas by Professor Foster is given in the following Table, which also
contains for comparison an analysis of ordinary coal-gas of 16 candle-
power, from which it will be seen that coal-gas has nearly four times the
calorific power of the other, the comparative explosive force of the two
gases in atmospheric air being as 38 : 1, that is, the coal-gas has ;'8 times
the energy of the other.

Table 20.—CoxposiTioN AND CaLoriFic PoweEr oF Dowsox’s WATER-
Gas, AND OF ORDINARY 16 CANDLE-POWER CoAL-Gas.

{ OrDINARY CoAL-GAS, 16 CANDLE- DowsoN’s GENERATOR-GaAs, i
| OWER. or WATER-Gas. T
| -
Composition of the Gas.  Volume per| \Volume perl ]
Cent. at | Weight in | Calorific Cent, at | Weightin | Calorific
odeg. Cent. Grammes of  Power of fodeg. Cent. Grammes of  Power of
! and 760 100 Litres. | 100 Litres. and 760 | 100 Litres. oo Litres.
mm. mm. i
Hydrogen . .l 5181 | 463 [159,559 | 1873 167 © 57,689 |
Marsh gas . .| 35'25 | 2520 [329,187 0’31 o022 2,899
Olefiant gas .| 353 | 441 | 52,664 031 038 4,633
Carbonic oxide .| 895 | 11'20 | 27,854 } 25707 | 3136 @ 77,992
- acid 6'57 | 12791 |
Oxygen. . .| oo08| o11 003 004
Nitrogen . .| o038 | o4y 4898 | 61°27
‘ -
I 100'00 | 46’02 | 569,264 | 10000 | 10785 143,213

‘Water-gas is now used for a great variety of purposes, such as singeing
yarns and fabrics, type-founding, varnish making. heating water, cooking,
baking bread, &c., and in all cases it is found that by allowing about four
volumes of the generator gas for one of coal gas, the same heating effect is
obtained. The above theoretical calculations of the calorific power are
therefore confirmed in practice.

The Pressure produced by the Explosion of Gaseous Mixtures
has been determined by experiments made by Mr. D. Clerk,* the results of
which afford useful data for gas engines, and are given in the following
Table. In no case did the heat accounted for by the explosion-pressure
amount to more than 77 per cent. of the total heat present as inflammable
gas; in the majority of cases it was a little over 5o per cent.

* See a Paper read before the Institution of Civil Engineers, by Mr. D. Clerk, F.C.S.
““On the Explosion of Homogeneous Gaseous Mixturesg’ 7 i :
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Table 21.—PRESSURES PRODUCED BY THE EXPLOSION OF MIXTURES OF
INFLAMMABLE GASES WITH ATMOSPHERIC AIR.

Orpuam CoaL-Gas AND AR MIXTURES. Grascow Coar-Gas AND AIR MIXTURES.
Average Temperature of Gases before Ignition Temperature of Gas before Ignition 18 degrees
| taken at 17 degrees Centigrade. Centigrade.

1 Pressure, atmospheric (1477 1bs.). Pressure, atmospheric (1477 1bs.).

I Maximum ' Mean . |
Proportion | Pressurein | Naxdmum | ime of | proportion | PiEssurein | Maximum | e of
o{lblas bY { Square Inch ture, I:A;glo- °‘$ (l;as by Square Inch ture, Explo-

olume. | Zhove the | Centigrade. SIS 0. gine: above the | Centigrade. 810837
Atmosphere. Atmosphere.

{ Ibs. Degrees. Seconds. Ibs. Degrees. Seconds.
5 40 806 °45 5 52 1047 ‘28
15 515 | 1033 | 31 Tr 63 1265 | 18
s 60 1202 ‘24 # 69 1384 ‘13
+ 61 1220 ‘17 1 89 1780 07

‘ Tia 78 1557 ‘08 1 96 1918 ‘05

g 87 1733 | ‘06

| i q

(o] 1792 [e]
T 9 1%?2 .04 Hydra%een and Air Mixtures. Temperature of
6 91 5 Gases before Ignition, 16 degrees Le: tigrade.

1 _“L 8o 1505 -16 Pressure, atmosphenic (14°7 Ibs.).

| Maximum.

| 1 41 826 to gogf ‘15

[ 1 68 |1358,, 1539| ‘026

z 8o (1615, 1929/ ‘o1

The Highest Temperature in a Gas Engine has been estimated at
3444° Fahr. absolute, the temperature of the exhaust gases being estimated
at 1230° Fahr. ; the highest theoretical efficiency being = »31‘—‘—;—4;@ =
642 per cent. Such a high efficiency is not 1ealised in practice, the loss
of heat through the sides of the cylinder being very great, owing to its
having to be kept cool in order to enable the piston to work properly. The
practical efficiency of gas engines is from 12 to 22 per cent.

Hot-Air Engines are used to a limited extent for the development of
small power. In these engines heat is applied to air enclosed in a cylinder,
the air expands and drives a piston. The air in doing work loses heat, and
the efficiency of the engine depends upon the difference of temperature
through which it works ; the greater the fall from the higher to the lower
temperature, the greater the power developed. The efficiency cannot be
greater than— .

Higher absolute temperature—lower absolute temperature
Higher absolute temperature.

The best_hot-air engines consume about 8 1bs. of coke per horse-power per
hour; a 3-horse power engine consumes about 40 lbs. of coke in working
ten hours.
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The “ Rider” Hot-Air Engine, shown in Fig. 19, is a simple and
efficient small motor. It has two single-acting cylinders placed vertically ;
there are two plungers, marked ¢ and b, which are coupled by means: of
connecting rods J to cranks keyed at right angles to each other on a crank-
shait common to both ; one plunger b, called the power plunger, works in
a cylinder kept permanently hot by means of a fire, while the other c, called

Fig. 19.— Rider’s hot-air engine,

the compression plunger, works
in a cylinder surrounded by
a water-jacket E. The two
cylinders are connected by a
wide passage H, fitted with
plates, and constituting the re-
generator. There is no change
«f air in this engine, but the
relative motions of the two
plungers cause a constant al-
teration in volume and move-
ment of the air between the
two cylinders. Any leakage
is made good through the inlet
valve shown at the bottom of
the cool cylinder c. The work-
ing of the engine includes four
operations :*—r1. A small com-
pressed bulk of air has heat
restored to it by the regene-
rator, the pressure rising during
the process ; the back pressure
_in ¢ counterbalances the for-
ward pressure in D, so that this
is a period of displacement,
taking place during the first
quarter of a revolution as the
plunger » moves up from the
bottom centre. 2. The small

» bulk of air receives a fresh

supply of heat at the highest
temperature, expands, doing
useful work by pressure on b,
and subsequently on c to a

less extent. This takes place during the second quarter of a revolution,

the piston D arriving at the top centre.

3. A large expanded bulk of air

is transferred from B to A, and its heat abstracted and stored in the
generator. The pressure falls, and the forward pressure on ¢ during the
last half of the upward stroke counter-balances the pressure in p. This
is a period of displacement, which takes place during the third quarter of
the revolution. 4. The large bulk of air is compressed into the small
space c. The back pressure against ¢ is not counterbalanced by the for-

* See article on this engine in the * Mechanical World.”
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ward pressure in »; hence during this period work is required from the
fly-wheel to compress the air, but at the same time heat is withdrawn
while the fluid is at the lowest temperature, and the work required to com-
press the fluid while cold, and losing heat, in the fourth period is con-
siderably less than the work given out by the fluid while expanding when
hot, and receiving heat, in the second period.

The Effective Power of this Engine represents the difference be-
tween that given out in the second revolution and that required to compress
the air in the fourth. The engines made of this type are of %, 1, and
1 horse-power, the number of revolutions being from 100 to 150 per minute,
and the indicated maximum pressure from 201b. to 221b. The regenerator
consists of cast-iron plates about § in. thick, with a space between of g5 inch;
in the § horse-power engine, it measures about 11 inches by 4 inches by
4% inches. The heaters run good, if used with care, from two to five years’;
the cost of a new heater is about 23s., and the labour of one man fora day to
putitin place. The air appears to get heated to the temperature correspond-
ing to dull-red heat of cast-iron, or about 1000° Fahr. At one test of a § horse-
power engine, when working a pump, about 675 gallons of water were
raised per hour to a height of go feet with 4 Ibs. of coal. - This performance
is equal to, say 10.128 ft. Ib. per minute, or ‘307 horse-power; and the
consumption of coal per effective horse-power was 13 Ib. At another trial,
4 Ibs. of coal were sufficient for § horse-power duty in the water, or 8 Ibs. per
horse-power. The mean effective pressure in the working cylinder was 16°8,
and in the cooling cylinder (making allowance for the difference in strokes)
647, giving 10°33 Ibs. per square inch nett. The 1 horse-power engine has
plungers 10in. in diameter, and 13 in. stroke, and occupies a floor space of
4ft. 4 in. by 2 ft. 8 in., and measures to the top of the fly-wheel 7 ft. 6 inch.
The weight complete is about 28 cwt. 2 qr., and it gives out about one
effective horse-power. The power cylinder has an iron jacket for about
half its length, so formed that the entering air passes well round the
cylinder and between the jacket, and then impinges directly on the hot
heater bottom r, thus getting thoroughly heated in its passage, and at the
same time the cylinder remains relatively cool. The packing round the
plungers consists of leather collars held in position by a ring.

HEAT EVOLVED BY COMBUSTIBLES.

The Total Quantities of Heat evolved by the Combustion of
Different Combustibles, the results of experiments by MM. Favre and
Silbermann and others, are given in the following Table.

Table 22.—HEeaTiNG PowEr 0F Various COMBUSTIBLES.

Heat in degrees Fahr, to which
1 1b. of water will be raised
by 1 Ib. of combustible.

Acetate, C,4, Hg, O, : . . 5 8 A . 9616
Boar ofgAlcoholsaValeric, 1CY S Y 'O, % 0 Ay )
Acetone, C,, H, +0, : 3 2 $ : 3 . 13149
Acid, acetic, O, +C,, H,, 6310; butyricacid, O, +C4, H, . 10122
» ethalic, O,+Cy,, H,, . A 3 . . . 16956
F
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Table 22 continued—HEeaTiNé PoweR oF VArious COMBUSTIBLES.

Heat in degrees Fahr. to which
1 Ib. of water will be raiscd

by 1 Ib. of combustible.
Acid, formic, O, +C,, H, 3600
¥ Aphrenic, (€5 i O 14117
»»  stearic, Q; +C, ;i H 17676
,, valeric, O, + vy Hio 11591
Alcohol, H O, +C4, X . 12932
3 ethallc, HO +C”. Jat 19133
" valeric, H O, s+ Cios Hio 16126
Aldehyde, ethalic, C“, Hn0O% 18616
B stearic, Cyq, Hyqg, O, . o 18893
Amylene, C,,, Hy,, 203475 C,p, H,y, 20279

Aragonite, combined, gives . +689

. separated, absorbs —554'6

separated after combmatxon absorbs — 4856
Butyrate of methylene, C;,, H,,, O, 12238
Carbon burnt with peroxide of azote at 10° 20085
,» from Cto CO, . 14545
- »  8as retorts . 14486
. sugar from Cto C 0 14472
Cetme (Cro 131 : 19942

Decomposition of oxide of silver absorbs . . —398
| . of peroxide of azote .. 19963
i of water oxygenated 1 gr. oxygen -8 2346
Dxamond 13987 ; Diamond, heated . 14182
Essence of citron, C,,, H15 o 19727
- ,» turpentine, C,,, H,, 19534
Ether, acetic, C,, H,, O, . 11327
,  buatyric, C,,, H,,, O, 12764
,»  sulphuric, H O,+Cs, H, 16249
»»  valeramilic, C,0 R OANG 15379
valeric, H 0,+C,,, H,, 18339
! Formiate of alcohol Co A JOS 9503
[ o a methylene, C o [H O b . 7556
Gas, marsh, C,, H,, 23514 ; Gas, oleﬁant CQ, H .. 21344
Graphite from high mines, 14014 ; No. 2 13927
Graphite, natural, No. 1, 14061; No. 2 14007
Hydrogen at 5¢9° 62032

| Iceland spar for C O and C to O absorbs . —554°6
Metamylene, C,, H“, c 19672
Oxide from carbon, C O, 4325
| Paramylene, Cpp 15K 20683
Spirit of wood, H O +C,, Hy 9543
Sulphur at instant of crystallxzatxon 4066
»  native melted, 3998 : Sulphur of carbon . 6121
Térébene, C, ,, 19194
Valeriate of alcohol Cl 4 H 14103

» > methylene C o) Hu,.O4

132717
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LIQUID-FUEL.

Petrolenm-Refuse and Creosote-Oil are used as liquid-fuel. They
are usually burnt upon a fire-grate covered with fire-bricks, and the liquid-
fuel is blown into the furnace from below, by spray-injectors, steam being
used for injecting the spray. The spray-injectors have long narrow orifices,
the usual width being from -0z inch to *08 inch. The air for combustion
is generally forced into the furnace, partly above and partly under the fire-
grate, by fans or blowers, and the fire-box has frequently two combustion-
chambers, constructed with brick-work, which offers a slight resistance to
the free exit of the ignited gases, and retains them as long as possible in
the combustion chambers, thus ensuring complete admixture with the air.

Weight of Petrolenm-Refuse.*—As the quality of petroleum varies
considerably, it is necessary to employ a hydrometer and thermometer for
testing the specific gravity and temperature of petroleum-refuse; the
specific gravity varying with the temperature. The following Table
contains the specific gravity and weight per cubic foot of petroleum-refuse ;
the heaviest petroleum-refuse has a specific gravity of -g21, or a weight of
57°412 lbs. per cubic foot when at freezing-point, thus requiring a space of
39 cubic feet to contain a ton. The lightest at a temperature of ¢5° Fahr.
has a specific gravity of ‘889, or a weight of 5524 lbs. per cubic foot,
requiring a space of 403 cubic feet to contain a ton.

*Table 23.—SeEciric Gravity aND WEleHT PER Cusic Foor or PETrO-
LEUM-REFUSE AT VARioUs TEMPERATURES. WATER=1"0000 SPECIFIC
GRAVITY, AT 175° CENTIGRADE OR 633° FAHRENHEIT.

TEMPERATURE, | Weight TEMPERATURE. Weight

. gpec.iﬁc in lbs‘;_ 7 gpccjﬁc in(l:bfi.).

Centi- | Fahren. | Gravity- per Cubic|l canei. Fahren. | Gravity. [per Cubic
grade. Réaumm.I Reit, Foot. grade. iRéaumur. Beith Foot.

o ° Ibs. o ° o 1bs.
oo | 32 9110 | 56°61 18 | 1474 | 644 |‘8997 |55'84
o8 | 3389103 |56'55 | 19 | 1572 | 662 |-8991 |55'84
16 | 356 |'9097 {5650 | 20 | 160 | 680 |'8984 |5581
24 | 374 |"9091 5650 | 21| 168 | 69'8 |8978 | 5574
32 | 3972 }'9o8s5 564z | 2z [ 176 | 716 |'8972 | 5574

© N M EWw N = O°

590 [-9o16 |35°99 || 33 | 26'4 | 91°4 }'8903 | 5530
60'8 |'go0g |55'9z | 34 | 27°2 | 932 |'8896 |55°24
626 1-goo3 (5592 | 35 [ 28'0 | 9570 |'E8g0 |55'24

—
w
el

40 | 41°0 |'9078 |56°36 | 23 | 184 | 73'4 |'8965 |55°68

48 | 428|907z [56°36 (| 24 | 192 | 752 |'8959 | 5562

56 | 44'6 |'9o66 |56'30 || 25 | 200 | 77'0 |8953 | 55°62

6'4 | 464 |'gobo [56:30 || 26 | 208 | 788 |'8947 | 5555

72 | 482 |'9o53 |5620 | 27 | 216 | 806 |'8g40 |55°55
10 80 | 500 |'go47 [56°14 || 28 | 22°4 | 82'4 |'8934 [55°48
11 88 | 518 9041 [56°14 | 29 | 23°2 | 842 |'8928 | 55743
12 9'6 | 536 |'9034 [56'11 || 30 | 240 | 860 |'8922 |55°43
13 o4 55'4 9028 | 56’05 || 31 | 248 | 87'8 J-8915 |55°37
14 1’2 | 57°2 |'9o2z |56'05 || 32 | 256 | 89'6 8909 [55°30

20

28

36

* See a Paper read before the Institution of Mechanical Engineers, by Mr. Thos. Urquhart.
F2
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Liquid-Fuel is very much used in Russia. On one line of railway
about one hundred and fifty locomotives and a number of stationary boilers
are burning this description of fuel, with the most satisfactory results, in
special furnaces or combustion-chambers constructed on Mr. Urquhart's

system of burningliquid-
Fig. 20, fuel. The following is

a brief description of the

" apparatus used for feed-

el I :
g‘ ing the furnaces and
A of the construction of
8 several varieti=s of com-

bustion - chambers by
which the efficient and
economical combustion
of petroleum-refuse is
satisfactorily ~obtained.
The dimensions given
in the woodcuts . are
French measures.
Urquhart’s Liquid-
Fuel Injector,* or pul-
veriser, is shown in Figs.
20 to 23. The orifice
through which the petro-
leum flows, is adjustable,
and can be swept out by
the steam, so that if the
outlet becomes choked,
the opening can be en-
larged, and this can
be thoroughly cleansed
without interfering with
the working, otherwise
Z than by increasing the
Figs. 20 and 21.—Urquhart’s liquid-fuel injzctor. flow of oil for a few
moments. A tube is
fixed through the double walls of the fire-box to admit the nose of the
injector, around which a space is left for air to be carried in by the jet.
The oil runs down a pipe, which ends in the external nozzle of the injector,
while the steam passes through the inner nozzle, which it enters through a
ring of holes, the steam and oil cavities being separated by a stuffing-box
packed with asbestos. This packing is renewed once a month. The steam
supply is regulated by a valve on the pipe and independent of the injector,
while the oil supply is increased or diminished by screwing the steam nozzle
backwards and forwards in the external nozzle, and varying the section of the
annular passage. This is effected by a worm and wormwheel, the latter of
whichis connected to the steam nozzle by a feather-key, while the former is
on a shaft which terminates in a convenient position close to the fireman's

* The Author is indebted to ¢ Engineering ” for the above description and drawings
of Mr. Urquhart’s Patent Apparatus for Burning Liquid Fuel.
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hand. Skill and care iu regulation are two most important points in the use
of this fuel on railways, in order to avoid smoke, and, at the same time, not
to admit an excessive quantity of cold air. Every change in the opening of
the regulator or the position of the link requires a corresponding alteration
of the oil admission, while when the engine is at rest or running down an
incline with the steam off, the flame must be exiinguished, and the firebox
shut up by closing the dampers. Even under these conditions the steam
will continue to rise from the gradual emission of the heat stored in the
brickwork of the firebox. When the stoppage is ended, or the incline
passed, the flame is lighted again by first turning on the steam, and then
gradually admitting the oil, which catches fire from the hot bricks without
any explosion. The dampers can then be opened and the full supply of
oil turned on, according to the load and the character of the road. Spocket

Fig. 22 Fig. 23.

Figs. 22 and 23.—Urquhart’s liquid-fuel injector.

wheels and pitched chains convey the motion of the regulating wheel from
the cab to the injector.

Mr. Urquhart’s apparatus is entirely outside the firebox, and is screened
from the radiant heat of the flame, while the earlier injectors were more
or less inside the furnace and exposed to the flerce temperature which
carbonised the oil on the outlet of the jet, and contributed even more than
the dirt to the choking of the nozzle.

Special Combustion-Chamber.—Important as is the construction of
the injector, however, the arrangement of the firebox or combustion-
chamber is more so, particularly in a locomotive with its infinite capacity
for leakage at numberless tubes, stays, and rivets. The experience of
forced draught on torpedo boats has shown that there is a decided limit to
the temperature which a tube-plate can bear, and that if very highly heated
flame be driven against it, there will be continual trouble. In the case
of petroleum the flame is so hot that the sight-hole through which it is
observed has to be covered with coloured glass, to protect the eyes of the
fireman, and in the early experiments, it was found that the nuts on the
inside of the fire-box crown dropped off, so great was the heat brought to bear
upon them. Further, while the direct impact of flame is detrimental to
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tke plates, it is also unfavourable to perfect combustion of the gases. In
the most recent types of the Siemens furnace a great advantage has been

Fig. 24. Fig. <5. Fig. 26.

Figs. 24— 26.—Combustion-chamber for liquid-fuel.
found in keeping the flame free both of the brick-work and of the objects
to be heated, and although this of course cannot be followed in a boiler
furnace, yet it is possible to let the principal part of the combustion take

Fig. 27. Fig. 28. “Fig. 29.

Figs. 27—29.—Combustion-chamber used in winter for liquid-fuel.

place in an area inclosed by glowing walls, which exercise no check upon
the complete oxidation of the gases, but allow them to attain the full tem-
peratare before they meet the comparatively cold metal plates.

Several Forms of Combustion-Chambers are used by Mr. Urquhart,
according to the class of engine to which they are to be applied, and to the
teachings of experience. Five varieties are illustrated in Figs. z4 to 41.

Figs. 24 to 26 show the fire-box as used in passenger and six-wheeled
goods engines. Opposite the lower part of the fire-box there is built a
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stout wall, which is continued along each side (Fig. 26), terminating at the
top with a skewback. An arch is thrown from side to side, and forms a
top to this combustion-chamber which is entirely open at the front. The

Fig. 30. Fig. 3r.
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Figs. 30 and 31.—C: for lig
jet plays on to the back wall, while the flames turn up under the arch above,
- filling the box and entering the tubes in tongues of fire. There are three
ashpit doors, one at the trailing end and one at each side, and these can
be opened to any extent by a chain and notched lever. Sufficient air to
commence the combustion enters with
the spray, which is protected by a brick-
work screen from the main draught, s
until it reaches the mouth of the com- il
bustion-chamber. Figs. 27, 28, 29 |{| | |— ===
represent a modified arrangement for .
use during the severe frosts which
prevail in Russia. The difference
between the two is not great; the
latter, however, has the back wall Fig. 32.—Combustion-chamber for
carried up to the roof of the box, and liquid-fuel.

perforated with numerous openings

which are set at an angle, as shown in Fig. 28, and diffuse the heat over
the tube-plate with great uniformity. The side of the box is partially pro-
tected, but the midfeather, shown in Fig. 26, is wanting. Figs. 30, 31, 32,
show another and more recent construction of combustion-chamber, in
which no side-doors are cut in the ash-pan, the original front and back
doors being utilised. The air which enters through the front door is
passed up through a thin brick-channel a, and becomes heated before it
comes in contact with the gases. Two cast-iron boxes, BB, are built into
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the brick-work, in order to let a small quantity of flame gain access to that
part of the tube-plate below the tubes. The entire heating surface of the sides
of the box is likewise utilised by keeping the walls of the chamber a short

Tig. 33. Fig. 24. . Fig. 35.

hamb

Figs. 33—35.—Combusti for liquid-fuel.

distance from them, and allowing the flame to play between the two. The
spray injector is placed in the ash-pit, as shown in Fig. 31, which is made
very deep, and the hollow stay shown in Fig. 21, is not used. Figs. 33,
34, and 35, illustrate another modification in which there 1s preliminary

Fig. 36 Fig. 37. Fig. 38.

Fige, 36—38.—Combustion-chamber for liquid-fuel.

heating of the air, while Figs. 36, 37 and 28, are engravings of the combus-
tion-chamber of an eight-wheeled locomotive engine weighing 48 tons.
The Brick-work of the Combustion-Chambers acts as a reservoir
of heat, tending to keep the furnace at a uniform temperature, and
to maintain the combustion under the most favourable conditions. It
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likewise serves to light the spray when it has been turned out during a
stoppage. When the boiler is cold the jet cannot be used, of course, as
there is no steam to propel the oil forwards. Under such conditions
it is customary to raise the steam by a temporary attachment to a stationary
boiler, and then to create a draught by turning on a blower in the chimney.
A handful of burning waste is then placed in the combustion-chamber,
and the steam and oil are turned on in succession. Mr. Urquhart has
also applied brick combustion-chambers to all the stationary boilers,
twenty-five in number, under his control; the method adopted with Cornish
boilers is shown in Figs. 39, 40, and 41.

The Petroleum is carried in a tank in the tender of the locomotive,

Fig. 30 Fig. 40
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Figs. 39—41.—Combustion-chamber for burning liquid-fuel in Cornish-boilers,

formed by placing a bulkhead at the head of the coal-space, and a cover
over the top of it. There is a pocket made in the bottom to receive the
water, which the oil picks up in its transit in’ barges, and the separation is
aided by the heat which is received from the feed-water tanks on the tender,
and from a special steam-coil. When the temperature falls 1z degrees below
freezing-pcint the use of artificial heat is imperative.  For a six-wheel
locomotive the capacity of the tank is 3% tons, a quantity sufficient for
250 miles, with a train of 480 tons gross, exclusive of engine and tender.
Creosote-oil is the residue from the distillation of tar in the production
of anthracene, quinone, and alizarin. The heating-power of creosote-cil
has been found in practice to be double that of ordinary good steam-coal,
that is, one ton of oil is equal to two tons of coal. It costs about twenty-
five shillings per ton, makes very little smoke in burning, and when used
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in a well-arranged furnace requires little attention. In Sadler’s system of
burning creosote-oil as liquid fuel in a circular furnace, the furnace-tube is
lined with fire-brick for a portion of its length so as to form a brickwork-
tube, the end of which is closed by a baffle-wall perforated with holes 3
inches square. The oil is foreed into the furnace by a jet of steam, by
means of a nozzle similar in construction to that of a Giffard’s injector.
The draught produced by the jet of steam is checked by the baffle-wall at
the end of the furnace, and by an ordinary damper.

f
Fig. 42.—Priestman’s Oil-engine.

PETROLEUM-ENGINES.

Oil-Engines occupy small space, require little attention, are readily
started, and work economically with ordinary mineral oil. There are
several forms of these engines, some of which may be briefly described as
follows :—

The Priestman Oil-Engine.—This engine, shown in Fig. 42, is
mounted on a hollow bed-plate forming a tank of sufficient capacity to
contain a supply of oil to run the engine a day. Air is pumped into the
tank. The oil is delivered in a state of fine sprayto a vapourising chamber,
where it is converted into vapour by heat supplied by a lamp on starting
the engine, and afterwards by exhaust vapour which envelopes the chamber.

The engine has a four-cycle movement, that is, the piston on its first or
forward stroke draws in a charge of vapour through an inlet-valve. This
charge is compressed on the second stroke, and at the moment of com-
pression an electric spark, from a small battery, explodes the charge and
drives the piston out, thus making the third stroke. The fourth stroke
drives the spent vapour out of the cylinder through an exhaust-valve.
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The engine works satisfactorily with common mineral oil. The quantity
of oil consumed is about one pint per brake-horse-power per hour, When

Fig. 43.—Hornsby's Oil-engine.

using oil costing fivepence per gallon, the cost of a horse-power is from
one-halfpenny to three farthings per hour.

Fig. 44.—Crossley’s Oil-engine.

Hornsby’s Oil-Engine.—This engine, shown in Fig. 43, has a tank in
the bed-plate containing oil. At each stroke a small quantity of oil is
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pumped into a vapourising chamber, connected by a skort pipe to the back
of the cylinder. This chamber is heated by a lamp on starting the engine,
and afterwards by the heat of the explosion. There is one explosion in four
strokes, or two revolutions. A mixture of air and oil-vapour is drawn into
the cylinder on the first stroke of the piston, and compressed on its back-
ward stroke. The compressed charge is ignited by the hot metal, and
explosion takes place in the vapouriser.

Crossley’s Oil-Engine.—This engine, shown in Fig. 44, resembles a
gas-engine in general appearance. The oil is pumped into a vapouriser,
which is heated by a lamp. The firing is effected by a horizontal hct tube.

fiwti
fafi

Py

Fig. 45.—Spiel's Oil-engine.

Spiel’s Oil-Engine.—This engine, shown in Fig. 45, has a four-cycle
movement. The piston on its out-stroke draws in a charge of air and
petroleum ; it then returns compressing this mixture, which is exploded as
the crank passes the back centre ; in the next stroke the combustion and
expansion of the charge takes place, while the fourth and last stroke of the
cycle expels the products of combustion. Thus there is one acting stroke
in every four, the energy stored up in the fly-wheel carrying it through the
other three.

VEGETABLE-REFUSE FUEL.

In countries where coal is dear and vegetable-refuse abundant, it is
important to utilise the latter as fuel for steam boilers. Vegetable sub-
stances, such as sugar-cane refuse, cotton-stalks, reeds, dry-grass, fibrous
plants, peat, and brushwood make excellent fuel, and although greatly in-
ferior to coal, can compare favourably with wood, as regards calorific
power, when burnt asfuel in steam boilers properly constructed for burning
this description of fuel.
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Boilers using Vegetable-Refuse as Fuel require to have the furnace
or fire-box twice as large as that required for coal, and the total heating
surface at least one-half larger than that required for coal-burning. The
fire-bars should be thin and spaced about six inches apart; and they should
be placed diagonally across the furnace. ‘The fuel should be fed conuinu-
ously in a thin layer to the fire, and a large supply of atmospheric air must -
be admitted to the furnace to produce perfect and continuous combustion.

Heating-power of Vegetable-Refuse Fuel.—The vegetable sub-
stances above-mentioned, when in a perfectly dry state, on an average are
composed of ‘34 carbon, ‘5 hydrogen, and 40 oxygen. As the hydrogen
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Fig. 46.—Ruston’s straw-burning apparatus.

and oxygen are in the combining proportions for forming water they
develop no heat. Hence these vegetable substances will yield :—Carbon
‘34 X 14500 = 4930 units of heat per Ib. of fuel : its maximum calorific
power. Taking the maximum units of heat in 1 Ib. of coal at 14297, the
weight of straw required to develop the same heat as 1 Ib. of coal will be
14297 + 4930 = 2°94 lbs., or nearly 3 Ibs. In practice rather more than
this is required, and 4 lbs. of straw are equal to 1 lb. of coal.

Ruston’s Straw-burning Apparatus applied to a portable-engine is
shown in Fig. 46. The straw is fed into a hopper attached to the fire-box,
and is ignited on entering the furnace: as the fire is fed from the bottom
of the furnace it burns like a torch, the fire not being damped down wher
fed, as would be the case if the straw were put upon the top of the fire.
The combustion is forced by a steam-jet, and complete combustion of the
fuel is obtained. The apparatus is simple and effective, and it can be used
for burning other kinds of vegetable-refuse fuel as well as straw.
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Coal-dust, Coke-dust, Breeze, and similar Refuse-Fuels which
are of no value as fuel in ordinary furnaces, may be efficiently and
economically burnt in Perret’s Furnace, with water-cased grate, as shown

Cross J Section”

\ o=
e
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Jor Aty Blast sp—> -

Grownd Line

Fig. 48

Water level 11 Borker

Zongitudinal Section

Figs. 47 and 48.—Perrett’s furnace for burning dust-fuel.
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in Figs. 47 and 48. The ash-pit of this furnace is closed, and is worked
under pressure supphed either by afan or steam-jet. The fire-bars are
spaced only about 75th of an inch apart; they are made very deep,and the
bottoms of the bars are immersed in water as shown. An air blast of a
pressure of from one-half inch to one inch of water is admitted above the
surface of the water in the troughs, and underneath the fire-bars, and
passes through the fuel. From 2o lbs. to 30 lbs. of fuel can be burnt in
this furnace per square foot of fire-grate per hour.

The evaporative power of coal-dust and breeze are given in the
following Table :—

Table 24.—CoMPARATIVE TriaLs OF COAL-DUST AND BREEZE IN |
PERRET'S FURNACE.

e | e 4 Ware };::)unds ofe\(?iVater Cog pﬁr 1000
> b vaporat er alion:
= uel Lonsumed:)  Evaporated | poibQot el | Evaporated.
Ibs. Ibs. Ibs. s d

1. Breeze . L 2800 14,300 51 1 4%
2. Equal weights of .

breeze and coal

dust . K 3008 17,400 5'8 5 9
3. Coal dust . 2016 15,300 7°6 5 10%
4. Washed coal dust . 2351 15,820 7'1 6 33

1

Test of Perret's Furnace. — A Lancashire boiler, fitted with
Perret’s furnace burning coal-dust, was carefully tested for eleven hours.
The boiler was 21 feet long x 7 feet diameter, with a total heating surface
of 582 square feet : fire-grates 4 feet long, and 1 foot 10} inches wide,
each equal 73 square feet of surface, or 15 square feet in all. The coal
burnt during the trial was 2231 Ibs.; equal 14°8 Ibs. per square foot of grate
per hour, and ‘383 Ibs. burnt per square foot of heating surface per hour.
Thickness of fuel on the bars, 5 inches : water in fuel, 4 17 per cent.:
used per b, of fuel, 14'37 Ibs. : average pressure of blast = } inch of \vater
pressure of steam, 46 2 Ibs. per square inch. Ashes, 58 1bs.: clinkers, 176 Ibs.:
or a total waste of 234 lbs, = 10°5 per cent. Useful coal consumed, 190z
lIbs. Temperature of smoke at exit from the boiler, 376'5° Fahr.

The coal-dust was analyzed and found to contain as follows :—

Table 25.—CoxmpositioNn or Raprorp's Navication Coar-DusT, USED
IN. THE TEsT oF PERRET'S FURNACE.

Per Cent.

Carbon. . 8479 or 1892 Ib. of the day’s consumption of 2231 Ib.
Hydrogen . 455, 102 ,, = 5
Ongen . 2717, 48 ” » ”»
Nitrogen . . 096 ,, 21 ,, - )
Sulphur ¢ O'57 13 5 ”» »

BN LN o I b, ® »
Vet e N R O . b J
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Results of the Test.*—The evaporative power was 128 lb. at 212°
Fahr. Air-blast velocity was 2248 feet per minute through a tube of
-297 feet sectional area. Taking the weight of 1 cubic foot of air at
58° Fahr. to be "o767 Ibs., the weight of air passed during the eleven hours
was (2248 X 297) X ‘0767 (6o X 11) = 33798 lbs. The carbon in the

day’s charge required 189z x o 5045 Ibs. of oxygen to form 6937 Ibs.

of carbon dioxide, and the hydrogen in the day’s charge required
10z X 8 = 816 lbs. of oxygen to form 918 Ibs. of water, so that the
total oxygen required to burn the coal was 5861 lbs. But the charge
of fuel itself contained 48 lbs.; hence the oxygen required for the
air was 5813 lbs. But the air actually supplied contained 33,798 X 1—2036=
7773 lbs. of oxygen. Deducting that absolutely required for combustion,
viz., 5813 lbs., the excess of oxygen supplied was 1960 Ilbs., and this is

equivalent to 1960 x 12_09 = 8522 lbs. of air, whilst the nitrogen present in
the air, whose oxygen was used, was 5813 X g—7—= 19461 lbs.

The proportion in which the heat of the fuel was used and
wasted in the above test is shown by the following balance sheet :—

Table 26.—BarLance SHEET oF HEeat Ux~iTs (FAHR.).

(,122‘: ) Heat Absorbed. ’ Heat Units.

635 | By feed water evaporated, 1582z gallons at
46'2 lbs. gauge pressure. Total heat from
32 deg. insteam at 462 lbs.=1167°'5. Tem-

perature of feed=g93 deg.; hence{u67—

(93—32) } x15820 . . . . .|17504830
15°8 | Furnace Gases—FExcess air=83522z lbs. X ‘238, )

specific heat x (376'5—58=318'5) . N 645,993
Nitrogen with consumed oxygen=19,461 lbs. X

*244 (sp. ht.) x 318'5 . 5 c g .| 1,512,392
Carbon dioxide formed=6937 Ibs.x 2164 (sp.

ht.) x 3185 . . o . o o o 478,122
Water from H in coal=918 lbs. x [(212—58) X

14966+ (376'5—212) X *4805] . . .| 1,100,682
Water in coal = g5 x [(212—60) X 1+ 966+

(376'5—212) X "4805] . o 113,715

Evaporation from troughs under grate ;u 606 x
[(212—60) x 149664 (376'5—212) X *4805]. 498,031

5'3 | Loss by radiation (say=night) 133,647 x11 ~ .| 1,470,117
15'4 | Unaccounted for: Heat in cinders, carbon in
smoke, cinders unconsumed - . .| 4,261,087

27,585,869
* Kindly given to the Author by Messrs. B. Donkin & Co., London.
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Heat evolved : 2231 Ibs. of coal, evolving 12'8 x 966 heat units per
pound, will give duaring combustion 2231 x 128 X 966 = 27,585,869
units.

COMBUSTION AND CONSUMPTION OF FUEL IN STEAM
BOILER FURNACES.

Firing.—The fire should be as thick as the quality of the coals will
allow ; a thin fire is wasteful, because parts of the grate are liable to become
uncovered and permit air to pass through the furnace unconsumed. The
shape of the fire should be concave, that is much thicker at the sides than
the middle, which ensures proper admixture of the gases and economical

Fig. 49.—~Proctor’s Mechanical-Stoker.

combustion of the fuel with the least smoke. Side firing is best in most

cases, that is, the coal is thrown on each side of the fire alternately, leaving

one side of the fire always bright, by which means the temperature of the

furnace is reduced as little as possible. It is better to fire frequently,

putting a little coal on at a time, than to put large charges of coal on the
a
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fire at long intervals. Hand-firing is preferable for round coal, but for
burning slack in the most economical way, mechanical-firing gives the best
results in many cases.

A Mechanical Stoker provides a steady evaporation, although it is
frequently not so rapid as in hand-firing: it produces a steady supply of
steam, and is an excellent preventer of smoke. It dispenses with the
frequent opening of the furnace door, thereby preventing large volumes
of cold air impinging upon the hot plates. The Mechanical-Stoker,
shown in Fig. 49. is a very good imitation of hand-firing, it being so
arranged that it delivers the coal upon the fire with varied iorces, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>