
TJ
UC-NRLF

SB 33

OF THE



so

REESE LIBRARY
OF, THE

UNIVERSITY OF CALIFORNIA.

Received^

Accessions No. _ </&_%l. Shelf No. _







A DESCRIPTION

OF THE

DIFFERENTIAL EXPANSIVE

PUMPING ENGINE,
GIVING

,

PRACTICAL EXAMPLES OF ENGINES AT WORK,

AND

A LIST OF SOME OF THE ENGINES ALREADY MADE,

WITH

USEFUL NOTES AND FORMULA FOR PUMPS AND
PUMPING ENGINES,

BY

HENRY IUVEY, M.I.C.E., F.G.S., &c.

HATHORN DAVEY AND CO.,

MAKERS OF .

Pumping Machinery of all kinds, Waterworks and Mining Plant,

and Hydraulic Machinery, &c., &c.

LONDON:

E. & F. N. SPON, 46, CHARING CROSS.

NEW YORK: 446, BROOME STREET.

1880.

UNIYEKSITY OF





PREFACE.

THE success which has attended the introduction of the

Differential Engine, and the request I often receive for informa-

tion respecting it, has induced me to publish a description of

the engine with illustrations of the different types which are

in use; and in doing so I have appended a few notes and

memoranda which may be of some use to practical men engaged

in pumping operations.

HENRY DAVEY.
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A DESCRIPTION

DIFFEKENTIAL EXPANSIVE PUMPING

ENGINE.

THE COMPOUND DIFFERENTIAL PUMPING ENGINE.

THE Differential Engine exists in two distinct types, viz. : the

single cylinder, and the compound engine; the latter admitting

of being worked with high degrees of expansion, is capable of

realizing the greatest economy of fuel. The chief peculiarity in

the invention, is the simple manner in which the engine is

made perfectly safe in working under all conditions of load,

automatically varying its supply of steam in proportion as the

load on the engine increases or decreases; the distribution of

steam being such, that the pumping is performed without shock.

In designing pumping machinery as also in designing steam

machinery of all kinds the three great questions which should

be relatively considered, are economy of fuel, economy of main-

tenance, and economy of construction.

Economy in fuel must always be a very important considera-

tion; our steam engines consume annually 37,000,000 tons of

coal, which at the present moment may perhaps be reckoned at

an average of 15s. per ton, representing over 27,000,OOOZ. sterling;

an economy of 25 per cent, would therefore effect a saving of

nearly 7,000,OOOZ. annually.
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With colliery pumping engines it is not unusual to find a con-

sumption of from 12 to 14 Ib. of coal per horse-power per hour.

A good compound engine will work with less than a quarter of that

amount of fuel. The saving to be effected on 400 horse-power of

actual work, by the substitution of a compound engine for a non-

expansive engine, would be, at the lowest estimate, 36 tons in

24 hours; which taken at 5. a ton at the pit's mouth would

amount to the sum of 2700Z. per annum.

As a question of first cost only the necessary boiler power
must be taken into account, and it very often occurs that the

total cost of engine and boilers is in favour of the most costly and

most economical engine.

The leading principle of economy is expansion, and the engine

which will work with the greatest amount of expansion is, cceteris

paribus, the most economical. There are, however, certain con-

ditions necessary to economical working. The resistance to be

overcome in pumping, is almost constant, and the force applied to

overcome that resistance by the expansion of steam, varies. The

condition of the two forces "is graphically represented in Fig. 1,

FIG. 1.

where the resistance of the pump is shown by a parallelogram,

and the expansive force of steam, by a parabola. It is evident

that the mean of the two forces must coincide, but the extremes

greatly vary. The steam pressure is too great at the commence-

ment of the stroke, and too small at the end. A means then is

required whereby work may be stored up, whilst the piston is

moving through the beginning of the stroke, and given out
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again whilst it is further moving towards the end of the stroke.

That function is performed in the Cornish engine by the inertia

and momentum of the pit work beam column, and other inert

matter ; and in the rotative engine, by that of the fly-wheel. It

is evident that when a high degree of expansion is employed
in a single cylinder an enormous strain (above the resistance

of the pump) is put on the engine at the commencement of

the stroke; and also that the maximum piston speed must be

very great.

These are two of the most serious difficulties surmounted by
the Compound Differential Engine. A range of expansion which

would produce a variation of strain of six to one in a Cornish

engine, would only give two and a half to one in the Compound

Engine ; that is to say, the strains are nearly three times as great

in the Cornish engine.

The importance of thus reducing the strains on the machinery
is obvious. The engine may be made lighter, with greater

security against breakages. The foundations become cheaper,

whilst the speed of the engine is rendered more uniform.

In the Compound Differential Engine, not only are the strains

and maximum speeds reduced for a given ratio of expansion, but

the effective piston speed is increased, because the engine is double

instead of single acting.

The following comparison of the two systems Cornish and

Compound Differential are taken from actual tests in practice.
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Fig. 2 is a velocity diagram from a Compound Differential

Engine with 30-inch and 60-inch cylinders, making twelve strokes

per minute, and expanding six times, and Fig. 3 that of a Cornish

engine expanding twice.

FIG. 2.

Backward FarwarcL Stroke.

\
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In practice, the greatest economy is obtained with from six to

eight fold expansion, when the initial pressure is about 100 Ib.

per square inch absolute. That such a result might be expected

on theoretical considerations is seen from an inspection of Fig. 4.

The ordinates of the curve A, represent the work done with
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various grades of expansion, from one to fifteen ; whilst the straight

lines inclined to the base line, cut off the portion of the work lost

by useless resistances ;
each division representing 4 Ib. If 2 Ib.

be taken as the back pressure, and 2 Ib. the friction of the engine,

and the friction be assumed to increase in the same proportion as

the capacity of the cylinder, then the front line B, will cut off

from the ordinates the portion of the work lost
;
the remaining

being the useful effect.

It is readily seen how small is the increase of useful effect after

expanding eight times.

Next in importance to economy of fuel in pumping engines

or frequently of more importance are safety in working, and

immunity from stoppages. The distribution of steam should be

effected in such a way, as to cause no shock or slip in the pumps ;

and in the event of a sudden loss of load, the engine should be

safe ; in short, the engine should be self-governing under extreme

variations of resistance. To effect this, the Differential Yalve

Gear was designed, which admits steam to the engine in pro-

portion to the resistance to be overcome
;
and in case of a sudden

total loss of load, reverses the steam to catch the piston. The dis-

tribution of steam is effected by coupling the motion of the engine

with that of a piston having a uniform velocity. The engine is

made to cut off steam by its motion, whilst the uniformly moving

subsidiary piston is employed in admitting it. As long as the

resistance to the engine is sufficient to prevent its motion becoming

relatively equal to that of the subsidiary piston, steam is admitted

up to the fixed point of cut off ; but should a loss of resistance, or

a superior pressure of steam, cause the engine to acquire a speed

relatively greater than the speed of the subsidiary piston, then

the motion of the steam valve would be reversed earlier, and the

supply of steam would be adjusted to the altered conditions. The

modus operandi is best illustrated by the following diagrams.

The action of the Differential Yalve Gear is illustrated in the

diagrams Figs. 12 to 15, Plate 9. These diagrams are not drawn

to scale, but are intended to show clearly the action of the gear ;

whilst Fig. 11, Plate 10, shows a practical example of its applica-
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tion to a Compound Engine. The main slide valve G, Fig. 12, is

actuated by the piston rod through a lever H, working on a fixed

centre, which reduces the motion to the required extent and re-

verses its direction. The valve spindle is not coupled direct to

this lever, but to an intermediate lever L, which is jointed to

the first lever H, at one end ; the other end M, is jointed to the

piston rod of a small subsidiary steam cylinder J, which has a

motion independent of the engine cylinder; its slide valve I,

being actuated by a third lever N, coupled at one end to the

intermediate lever L, and moving on a fixed centre P, at the other

end. The motion of the piston in the subsidiary cylinder J, is

controlled by a cataract cylinder K, on the same piston rod, by
which the motion of this piston is made uniform throughout the

stroke
;
and the regulating plug Q, can be adjusted to give any

desired time for the stroke.

The intermediate lever L, Plate 12, has not any fixed centre of

motion, its outer end M, being jointed to the piston rod of the

subsidiary cylinder J, the main valve G consequently receives a

differential motion compounded of the separate motions given to

the two ends of the lever L.

If this lever had a fixed centre of motion at the outer end M,
the steam would be cut off in the engine cylinder at a constant

point in each stroke, on the closing of the slide valve by the

motion derived from the engine piston rod ; but inasmuch as the

centre of motion at the outer end M, of the lever shifts in the

opposite direction with the movement of the subsidiary piston J,

"the position of the cut off point is shifted and depends upon the

position of the subsidiary piston at the moment when the slide

valve closes. At the beginning of the engine stroke, the subsidiary

piston is moving in the same direction as the engine piston, as

shown by the arrows in Fig. 12 ; and in the instance of a light

load as illustrated in Fig. 13, the engine piston having less

resistance to encounter, moves off at a higher speed, and sooner

overtakes the subsidiary piston, moving at a constant speed under

the control of the cataract ; the closing of the main valve G, is

consequently accelerated, causing an earlier cut off. But with a
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heavy load, as in Fig. 14, the engine piston encountering greater

resistance moves off more slowly, and the subsidiary piston has

time consequently to advance further in its stroke before it is

overtaken, thus retarding the closing of the main valve G, and

causing it to cut off later. At the end of the engine stroke

Fig. 15, the relative positions become reversed from Fig. 12, in

readiness for the commencement of the return stroke.

The subsidiary piston J, Fig. 11, Plate 10, being made to

move at a uniform velocity by means of the cataract K, the cut

off consequently takes place at the same point in each stroke, so

long as the engine continues to work at a uniform speed ; but if

the speed of the engine becomes changed in consequence of a

variation in the load if, for instance, the load be reduced, causing
the engine to make its stroke quicker, the subsidiary piston has

not time to advance so far in its stroke before the cut off takes

place, and the cut off is therefore effected sooner, as in Fig. 13.

On the contrary, if the load be increased, causing the engine

stroke to be slower, the additional time allows the subsidiary

piston to advance further before the cut off takes place, and the

cut off is consequently later, as in Fig. 14.

From the foregoing description of the Valve Gear, it will be

understood that every erratic motion of the engine, alters the

relative position of the valves with respect to the main piston,

and in that way the engine checks itself.

So perfect is the action of this gear, that when properly

adjusted, the full load may be thrown suddenly off the engine,

without any injury resulting. The effect of a sudden loss of load,

is to reverse the action of the valves, and to throw the steam against

the motion of the piston, stopping it before the end of the stroke. Many
instances of this have occurred in practice when a pump rod has

broken, a pump valve has failed, or a pipe has burst.

At the Croydon Waterworks the load was suddenly thrown

off the engine, when it was running at full speed, by the acci-

dental lifting and tilting over of one of the pump valve seatings ;

but the engine was instantly checked by the automatic action of
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the gear, and no more shock was caused to the engine than if the

accident had not occurred. Such an accident happening with a

Cornish engine would have caused a most serious breakdown.

At the St. Helens Waterworks the mains burst without

causing the slightest damage to the Differential Engine; and

several such instances have occurred in practice.

LIBRARY
UNIVEESITY OF

CALIFORNIA.X ../
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THE DIFFERENTIAL VALVE GEAR, AS APPLIED TO

BEAM AND BULL ENGINES, &c.

The illustration on the opposite page represents a perspective

view of the gear. It consists of a lever a, called the main lever,

by means of which motion is given to the valves through a rod 6.

The motion of the engine is given to the outer end of the lever,

through the rod c, by means of a lever of the first order ; the long

end of which is attached to the plug-rod or any moving part of

the engine, where it gets the motion of the piston on a reduced

scale; the other end d, deriving its motion from the subsidiary

cylinder e, and being controlled by means of the cataract /. The

cylinder has a slide valve which is worked by means of a tappet

arm on the rod of the piston of a secondary cylinder ;
the motion

of the secondary piston is also controlled by a secondary cataract.

The slide valve is, however, free to move with the motion of the

hand lever
</.

It will be seen that there are two handwheels and a lever

attached to the cataracts. The function of the large wheel is

to regulate the speed of the engine during the stroke ; the small

wheel is for regulating the pause between the strokes, whilst

the hand lever enables the engineman to hand work the engine.

A rocking shaft is employed to give motion to the valves of

the engine in the usual way, not shown in the engraving.

The action of the Gear may thus be described. Let the engine

be " out doors." The engine end of the main lever will then be

in its highest, and the opposite end in its lowest position, the

secondary lever being lifted so as to admit steam to the bottom

of the secondary cylinder. The engine will pause until the

piston of the secondary cylinder shall have travelled to the end

of its stroke, and have lifted the valve of the subsidiary cylinder.
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The pause will be long or short, according to the regulation of the

secondary cataract. The piston of the subsidiary cylinder then

FIG. 5.

THE DIFFERENTIAL VALVE GEAR AS APPLIED TO BEAM ENGINES.

(Davey's Patent.)

having steam on its lower surface will travel upwards, actuating

the main lever with a speed dependent on the adjustment of the
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cataract. In doing so, the steam valve of the engine will be

opened through the medium of the rod &, and a rocking shaft,

&c., and will be opened quickly because the engine end of the

lever is, for the time being, stationary. Steam now being
admitted on the engine piston, it will, after overcoming the

inertia of the load, move off at an increasing speed, which is

communicated to the engine end of the main lever. The result

is, that as the opposite end of the lever is moving uniformly in

the opposite direction at the same time, the motion of the centre

is soon reversed in direction, and the steam valve which was

opened by the motion of the subsidiary piston, is closed by the

differential motion, brought into action by the motion of the main

piston acting on the same point.

When valves fail to close before the return stroke of the

engine, most dangerous shocks are experienced. The shocks act

prejudicially in injuring the valves, shortening the durability of

the engine and rendering it liable to accident, such as bursting

the pump, pipes, &c.

To prevent such shocks is of great consequence, especially in

high lifts. The motion of the piston of the Differential Expansive

Engine is such, that a pause is produced at the completion of each

stroke, during which time the valves are allowed to fall, by their

own weight alone, to their seats, preventing the possibility of a

shock from sudden closing under pressure, and also preventing a

loss of efficiency from slip.

The advantages of the Differential Engine may therefore be

briefly summed up as follows :

1. Economy of fuel, owing to the fact that steam can be ex-

panded as many times as required, while the maximum strain on

the working parts is greatly reduced.

2. Safety in the event of a sudden loss of load.

3. Simplicity of parts, few wearing parts, and small frictional

resistances, and the foundations are of a very plain and inex-

pensive character.

The engine can be easily and rapidly moved from one place to

another, and erected in a short space of time.
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The following are results of a trial with a Compound Dif-

ferential Engine having 34" and 64" cylinders :

Mean stroke of engine .. .. 7 ft. 2J in.

number of double strokes per minute .... 8.

piston speed in feet per minute 115 ft.

,, pressure of'steam in engine room 62 Ib.

vacuum in condenser llj

Mean effective pressures in cylinders :

Front of high-pressure cylinder 44*79 Ib.

Back ** i. ,.:. 48-52

Front low-pressure .. .; ., .. .. 9 '03

Back 10-37

Indicated Jiorse-powers developed :

In high-pressure cylinder .. .. 146 -42 H.-P.

low-pressure 108-05

Total 254-47

Condensing Water:

Quantity of water discharged per minute over

tumbling bay 1877 Ib.

Mean temperature of do 103-5

,, injection water 55

Eise of temperature of the water in the condenser 48 5

Pounds-degrees of heat discharged from the con-

denser per minute 91,034 units.

Do. pern.-p. .. 7r~ .. -=^"T. .. ;. ... 357-7

Consumption of steam per H.-P. per hour 22-0 Ib.

Equivalent duty per 112 Ib. of coal, assuming each

Ib. of coal to evaporate 9 Ib. of water .. .. 90,720,000.

Equivalent duty per 112 Ib. of coal, assuming each

Ib. of coal to evaporate 10 Ib. of water .. .. 100,800,000.

Effective work performed in pumps 198-6 H.-P.

in percentage of ind. H.-P 78-05%
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USEFUL NOTES.

GEAPHIC ILLUSTRATION OF THE DISTRIBUTION OF
HEAT IN OUR BEST STEAM ENGINES.

The mechanical equivalent of one unit of heat = 772 foot Ib.

One unit of heat is that required to raise 1 Ib. of water from

82 to 33 Fahr.

One Ib. of Welsh coal in a good Cornish boiler -will evaporate

10 Ib. of water from 212. The total heat of combustion of the

1 Ib. of coal is 16,000 units, as shown in the diagram, but the

total amount of heat in the 10 Ib. of steam produced is only

11,700 units. The difference of the two quantities is that lost in

incomplete combustion, in radiation, and in the waste heat of the

chimney.
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A very economical steam engine uses 10 Ib. of steam per half

indicated horse-power per hour, or equal to 990,000 units of

work. The mechanical equivalent of the 11,700 units of heat is

11,700 x 772, which equals 9,032,400.

Dividing 990,000 by 9,032,400, we get 0-1096 as the portion

of mechanical energy which is utilized by conversion of heat into

work. That quantity is represented in the diagram. The heat

represented by the remaining portion goes away in radiation and

in the exhaust steam or condensing water.

TEMPERATURE.

Temperature is a measure of intensity of heat, and to have ail

absolute value must be reckoned on a scale whoso zero indicates

no heat.

Temperature cC Combat(u>tv

1010"
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Let T = highest absolute temperature.

t = lowest

The maximum theoretical efficiency of any heat engine is

T -t

TABLE SHOWING A COMPARISON OP THE USEFUL WORK DONE BY EQUAL WEIGHTS

OF STEAM WITH DIFFERENT DEGREES OF EXPANSION AND DIFFERENT BACK
PRESSURES.

NON-CONDENSING ENGINES, STEAM PRESSURE
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HOKSE-POWER.

An actual horse-power equals 33,000 Ib. raised 1 foot high per

minute, or 33,000 units of work, which I shall denote by the

letters H.-P. The term nominal horse-power, written N. H.-P.,

has a varied signification according to the fancies of different

engineers, and is therefore made very confusing. It is a term

which might be dispensed with, and the actual H.-P. universally

adopted as the standard, to advantage.

The Admiralty rule for N. H.-P. is

7 A V D*VN' H-P' =
gpob

or
"GOO-

V = velocity of piston in feet per minute.

A = area of cylinder.

D = diameter of cylinder.

S = stroke of engine in feet.

Ordinary rules

D2
!/~$~

N. H.-P. = v
for high-pressure engines.

JLo
* o

D2

N. H.-P. = - for condensing engines.

For ordinary horizontal high-pressure non-condensing engines

Dz D2

of commerce, an approximate rule is N. H.-P. =
r^,

and H.-P. =
,

which is approximately right for an initial pressure of 50 Ib. and

cut off at half stroke, with 300 feet piston speed per minute.

PRACTICAL NOTES AND FORMULA FOR PUMPS AND
PUMPING ENGINES.

To find the quantity of water delivered from a given pump or

pipe-
Let d the diameter in inches, then :

= the quantity delivered per foot, stroke, or flow in
30

gallons, a little under the theoretical quantity.
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A good working velocity of flow for water in the pipes is

200 feet per minute, and the speed of pump piston or ram most

suitable for the "Differential Expansive" Pumping Engine, is

equal to J L x 60, where L = the length of the stroke in feet.

d = diameter of pipe in inches for 200 feet flow per

minute.

p - diameter of plunger in inches double-acting.

q = number of gallons delivered per minute.

q = d2 x 6-66 = 200 ~, for a velocity of 200 feet per
* oU

minute.

n = number of gallons delivered per hour.

n = d2 x 400.

q = number of gallons of water raised per minute.

H = the height to which it is raised in feet.

H.-P. effective horse-power of engine without friction.

7i - head of water in feet.

p = pressure in Ib. per square inch.

/ = pressure in Ib. per square foot.

p = h x 0-433.

h =p X 2-31.

/= li x 62-4.

1 cubic foot of water = 6*24 gallons = 62 4 Ib. =

557 cwt. = 028 tons = 6 gallons approximately.

1 gallon = 10 Ib. or 0*16 cubic foot.

1 cwt. of water = 1*8 cubic foot =11-2 gallons.

1 ton of water = 35-9 cubic feet = 224 gallons.

Weight of sea water = weight of fresh water x 1 * 028.

A cylinder of spring water 1 inch diameter and 1 fathom

long = 2-045 Ib.
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DUTY OF PUMPING ENGINES.

A cylinder of spring water, 1 inch diameter and 1 fathom long,

weighs 2- 045 Ib.

L = length of stroke.

N = number of strokes in one month.

H = height of lift in fathoms.

d = diameter of pumps.

q = number of bushels of coal consumed in one month.

Duty = number of Ib. lifted 1 foot high per bushel of coal.

D =

The calculation was formerly made for bushels of coal, eaclj.

weighing 94 Ib., but it is now usual to use the cwt t in the place

of the bushel.

The usual mode of expressing the efficiency of a steam engine

is in terms of coal burnt per horse-power or units of work per

hour, but as the efficiency of the boiler is not in such a cape

distinguished from that of the engine, it is important t^at a rulp

should be established by which the
efficiency

of either might be

readily ascertained.

The efficiency of the boiler may be expressed in Ib. of water

evaporated per Ib. of fuel, whilst the efficiency of the engine should

be denoted in units of work done per 1 Ib. of steam used.

A formula for that purpose may be thus constructed :

Let 28 = number of cubic inches of water in 1 Ib. of steam.

I sz initial pressure of steam.

S = its specific volume.

B = ratio of expansion employed.

, (1 + Hyp. Log. E) Ia = average pressure per square inch = ^
7?

" ~ *

U = units of work done by 1 Ib. of steam,

(28 x S X .R)then U = a --- r--

1
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Let I = 100 Ib. per square inch, then :

S = 270. See table, page 32.

The following table shows, in units of work, the comparative

values of different degrees of expansion with a constant initial

pressure equal to 100 Ib. per square inch ; worked out by means of

the above formula, which for 100 Ib. initial pressure stands thus :

U = a (630 X -R).
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WATERWORKS.

CONSUMPTION OF WATER IN TOWNS.

15 to 20 gallons per head of population per day in non-manu-

facturing towns.

20 to 30 gallons per head in manufacturing towns.

Maximum demand 2\ times the average.

Impounding reservoirs should contain 120 days' supply in the

rainy districts and 200 days' supply in the less rainy districts of

England.

Service reservoirs should contain 3 days' supply.

RAINFALL.

Greatest rainfall in England in 24 hours about 3 inches.

Annual rainfall in England from 20 to 70 inches.

Mean 42 inches.

Mean daily evaporation in England, 08.

Infiltration in England in Winter, 33 per cent.

Spring, 35

Summer, 52

Autumn, 48

Average for the year, 42

WELLS IN VARIOUS GEOLOGICAL FORMATIONS.

In the New Red Sandstone. Robert Stephenson found when

experimenting with wells in this formation around Liverpool,

that abundance of water is stored up in the new red sandstone,

but the sandstone is generally very pervious, admitting of deep
wells drawing their supply from distances exceeding one mile;

the permeability is however occasionally interfered with by faults

or fissures filled with argillaceous matter. He also reported that

there was no possibility of obtaining permanently more than

about 1,000,000 or 1,200,000 gallons per day from any one well,

and this only when not interfered with by other wells.

Through Chalk into Lower Greensand. A remarkable artesian

well has been bored at Passy in this formation, for supplying
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water to Paris. The first water-bearing strata was reached at a

depth of 1894 feet, but the water did not rise to the surface. At

length a true artesian spring was tapped at a depth of 1928 feet,

yielding 5,582,000 gallons per day.

Through Tertiaries into Upper Greensand and Chalk Wells

have been bored into this formation with varying success. At

Brighton, a boring is said to yield 1,000,000 gallons per day.

At Worthing, 30 feet above the sea and 360 feet deep in the

chalk, a well gives a good supply. In the valley of the Lee, wells

have been successful up to 100,000 gallons per day near the

surface. At Southampton, a depth of 1317 feet was reached with-

out success, and the scheme was abandoned ; several other similar

undertakings met with a like result.

Domestic Wells generally catch the adjacent percolating water

from the surface, and are very liable to receive impurities, unless

great care is exercised in selecting the site and ensuring a proper

construction.

DIMENSIONS AND WEIGHT OF PUMP PIPES FOR MINES.

LENGTH OF PIPE, 9 FEET.

5

G

7
8
9

9

10

10

11

11

12
12
13

13

14

H
15

WEIGHT.

3
4

7
8
9
10
10

11

11

12

13
15

U
10

15
17 2

16 3

it
1.2

H

H

20

21

21

22
22

23
23
24
24
25
25
20
20
27
27

WEIGHT.

18
19

22

21

23
22

24
23
20
25
30
20
31

27
33

28 I 28
28 ! 34
29
29 36

30

&

14

14
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DISCHARGE OF WATER THKOUQH PIPES,

180 Feet per Minute.
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DISCHARGE OF WATER OVER SILLS.

d = depth, from surface of water where at rest, to the top

of sill in inches.

c = cubic feet of water discharged per minute for every
foot in width of sill.

c = 5*15

H =
f^?

= depth in feet.
12

c = 2H V H3 + -035 V2 H
y
if the water approaches the

sill with a velocity = V.
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MEASURING WATER PUMPED FROM MINES, &c.

It is very useful to be able to ascertain at any time the

quantity of water which, is being pumped. A convenient mode

of doing it is to lead the water from the pump to a small pond in

which the velocity of the stream may be rendered almost m'Z, and

to allow the water from the pond to fall over a weir 18 inches

wide with vertical sides. A vertical post should be driven in the

pond, back from the weir or sill, in still water, and on the post

should be painted a gauge in inches and fractions, with zero at the

level of the sill. The following table will then show the quantity

of water passing over the weir :

WEIR TABLE FOE 18-iNCH OVERFALL.

Depth of

Water.



30 A DESCRIPTION OF THE

PIPE JOINTING.

The weight of lead required for jointing socket pipes may be

approximately estimated by reckoning 1 Ib. per inch diameter

of pipe for each joint up to 8 inches diameter
;

1J Ib. from 8 inches

to 16 inches diameter, and 1J Ib. from 16 inches to 24 inches

diameter. In the small pipe joints the thickness of lead should

be about T
5
^ inch, and in the large ones about -f$ inch. The depth

of socket is usually about 4J inches, the pipe measuring 9 feet

4J inches over all.

Strength of cylinders circumferential strain:

r = internal radius.

p = pressure per square inch.

c = cohesive strength of the metal.

x = the required thickness.

= p X r

PROPORTIONS OF CAST-IRON FLANGE PIPES.
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WEIGHTS AND PROPORTION OF CAST-IRON SOCKET PIPES, FOR A HEAD
OF ABOUT 200 FEET.

Diameter
of Pipe.



32 A DESCRIPTION OF THE

SATURATED STEAM.
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A DESCRIPTION OF THE

A area of chimney at top in square inches.

H.-P. = indicated horse-power.

15 F.

/'
for economical pumping engines

70 H.-P.
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36 A DESCRIPTION OF THE DIFFERENTIAL TUMPING ENGINE.

WEIGHT OF WROUGHT IRON.

The weight of 1 cubic inch of wrought iron = 0*28 Ib.

Number of cubic inches

-8000
- = tons'

Number of cubic inches

400~

Number of cubic inches
(jrs.100

Number of cubic inches

3-5
Ibs.

WEIGHT OF CAST IRON.

The weight of 1 cubic inch of cast iron = 0*26 Ib.

Number of cubic inches

8640
= tons.

Number of cubic inches

"532~
= owts"

Number of cubic inches

108
=

qrs.

Number of cubic inches
-,-,

3-85

1 cubic foot of cast iron = 448 Ib. = ith ton = 4 cwt.

1 foot superficial 1 inch thick = '.

o

Let n = number of cubic inches of cast iron.

W = weight in Ib.

W =
j -f- (4 x the number of hundreds expressed by the first,

or left hand figure in product), thus : Let n = 1728 cubic inches,

1798~ = 432 and 4 x 4 = 16 .-. W = 432 + 16 = 448 Ib.
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VERTICAL ENGINE AS APPLIED IN WATERWORKS &C

TypeN? 4.





Plate 5.

VERTICAL DEEP WELL ENGINE AS APPLIED IN WATERWORKS.

Type N^ 5.

HENRY OAVEY
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Plate 7.

Type N 7.

PUMPING ENGINES.

Fig. 16.

COMPOUND DIFFERENTIAL ENGINE
AND HYDRAULIC ENGINE
APPLIED UNDERGROUND.

COMPOUND DIFFERENTIAL ENGINE

HENRY DAVEY
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Plate 8

IMPROVED PLUNGER PUMPS

Pumps 'Z(f dwu & JO f* Stroke

lift 120 feel.

HENRY DAVEY





Plate 9.

COMPOUND DIFFERENTIAL ENGINES.

Diagrams
Illustrating Action of Differential! Vdlve^ Gear.

FIG. 13.

Light Load,

Early Cudi-off.

FIG. 15.

End of

Engine Stroke.

HENRY DAVEY
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