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PREFACE

THE steam turbine has rapidly come to the front
during the last few years on account of its many
advantages as compared with its older rival, the
reciprocating steamn engine.

From a model point of view also, several advan-
tages may be claimed for it ; thus for model steamer
work its light weight for a given output, and the fact
that the centre of gravity is low, are two conditions
which make it specially applicable for high-speed craft.

In this small book it is proposed to lay down the
principles on which model steam turbines may be
designed ; and some examples, either built or pro-
jected, are given, being for the most part taken from
the columns of The Model Engineer.

H. H. HARRISON.

PREFACE TO THIRD EDITION

THE need for a third edition of this book having
arisen, advantage has been taken of the opportunity
to partially re-write it and to add further matter.

The reader is earnestly recommended to thoroughly
master Chapters I. and II, as he will then have a very
fair knowledge of the theory underlying the design
and construction of steam turbines in general.

H. H. HARRISON,
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MODEL STEAM TURBINES

CHAPTER L
GENERAL CONSIDERATIONS.

STEAM turbines' may be divided into two classes:
the vmpulse or action type, in which a jet of steam or
fluid at high velocity impinges on & number of
vanes or paddles fixed around the rim of a wheel
free to rotate, and the reaction type, more generally
known as Hero’s Engine or Barker’s mill.

Both these types are pretty familiar to us from—
our childhood’s days, in the windows of the toyshop,
and no doubt in many cases (the writer’s also)
formed our first steam model. They are illustrated:
in figs. 1 and 2, and frequently appear in patent
specifications, though, of course, with considerable
modification.

In order that the principles on which these
machines are designed and for which they depend
on their action may be thoroughly understood, the

" following elementary mechanical considerations are

necessary.
A body has both mass and weight. The weight of
5
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6 MODEL STEAM TURBINES.

a body is the force of gravity acting on it; whilst
mass is the quantity of matter which the body
contains.

Fig. 2.—Hero’s
Reaction Engine.

Fig. 1.—Simple Impulse
Wheel.

Unit weight is the standard pound, and the unit
of mass is the quantity of matter in a body weighing

322 pounds.
Force, which is defined as so many pounds or tons
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(according to its magnitude), may be measured by
the velocity generated in one second on a body free
to move in any direction whatever. Unit force is
that force which, acting on a free body of one pound
weight, generates in it a velocity of one foot per
second. In our latitude, any body free to fall
acquires in doing so (neglecting the resistance of the
air) a velocity of 32:2 feet per second in each second
during the interval between its release and arrest by
the earth or any other body. This fact enables us
to compare the force acting on a. moving body when
its weight in lbs. and its initial and final velocities
in feet per second are known. An example will
serve to make this clear.

Assume that a body weighs say 8 lbs.; the pull
of the earth or the attraction of gravity would
generate a velocity, as we have seen, of 322 feet per
second after it is allowed to fall, and at the end of
the second time interval another 322 feet would be
added, and so on. The force acting in this case
is of course 8 lbs. These successive increases in
velocity are termed the acceleration of the body, and
the figure 32:2, the acceleration due to the force of
gravity, is symbolised by the letter g.

Now, suppose the body to be at rest but free to
move in any direction horizontally or vertically, and
that a force is suddenly applied in such a way that
the velocity of the body in its direction of motion is
found, after a time interval of one second, to be 40
feet per second. Since the body was at rest at the
beginning, and found to have the above velocity at
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the end of the second of time, the figure 40 represents
the acceleration or increase of velocity in the body.

It is evident that the unknown force, which we
will call F, is greater than 8 lbs. (the force of
gravity) as the acceleration 40 exceeds 322, and we
can therefore find the value of F by rule of three
thus :

F:8::40:322;
and
8 x40
322

This may be stated in words as follows :—

To find the force acting to generate motion in a
body, multiply the weight of the body (in pounds)
by the acceleration produced (feet per second), and
divide the product by the acceleration due to gravity
(322=g). Calling the weight. W, and the accelera-
tion attained a, the above can be represented sym-
bolically by :

1= =10 lbs. nearly.

Ve (1)

g
By definition, unit mass is that quantity of matter
contained in a body weighing 322 lbs.; therefore

the mass of 1 1b. is 4d.5; of 8 lbs. 555, and of

W pounds ; consequently in (1)%[ represents

vy
32—_2’
the mass of the body in question, and calling this
quantity M, (1) can be written :

F=Ma - : g : (2)
that is, Force——MassxAcceleramon pounds, feet
and seconds being understood.
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It is necessary here to distinguish carefully between
mere velocity or speed, and acceleration or increase
of velocity.

Supposing a body travels 100 feet in five seconds,
its average velocity is evidently 100=20 feet per
second, or

W (3
where V is the average velocity in feet per second,
s the distance covered, and ¢ the. time taken in
traversing s.

If the body started from rest under the action of
a constant force of such magnitude that its velocity
increased at the rate of 20 feet per second in each
second, its successive velocities at the end of the
1st, 2nd, 3rd, 4th, and 5th seconds would be 20, 40,
60, 80, and 100 feet per second. Since its initial
velocity was zero, ahd the velocity at the end of five
seconds 100, the average velocity is given by

04299 = 50 feet

From (3) we see that the distance travelled is
equal to welocity x time, and as V is obtained by
dividing the final velocity by 2, the distance
traversed by a body not moving at a constant
velocity as in (3), but at a uniformly increasing one,
is equal to

Final velocity at any instant x time
2

or (ST T : ; : (4)
from which 2s=ut . a7kl ’ : (3)

N ®»
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‘We have now to obtain a value for the accelera-
tion. This is, by definition, the increase of velocity
per second ; and, as the body has no initial velocity
and the velocity it attains in five seconds is 100

feet, the acceleration is obviously 1%.9:20'; or
v
= - . - . . . . 6
an? (©)

By combining (5) and (6) in the manner shown
below,

D5 == (ot
X
GOR= =
t+)

we get finally
v2=2as . : ) s ! 3 (M
If the body is moving under the action of gravity
instead of any other force, 2 is usually substituted
for s and ¢ for a, and we get the well-known expres-
sion

WA Dgh i i S e Y (8)
~ from which » = /247,
or v =802 Jh,

giving us the relation between the velocity attained
by a body under a constant force, gravitational or
otherwise, when travelling over a certain space s or
falling through a height .

‘We can use the result'in (8) to find the energy in
a moving mass, W Ibs. in weight and having a
velocity of v feet per second. If this weight is
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raised to a height 7 feet, the work done is evidently
wh foot pounds, and this amount is called the
potential or stored emergy in the body, since it is
evident that if the weight be let fall through the
same height it will give out W% foot pounds in doing
80.
From equation (8) the height through which a
body has fallen is given in terms of its velocity by
W2
h——T/ : : : ; : 9
and since the energy given out in fallmg is W# foot
pounds,
Wo?
Wh= g 2 : sz (L0
= 10)
The right-hand expression is known as the kinetic
energy of the body or energy of motion, and will be
found useful in calculating the pressure set up by
a jet when impinging on the wheel vanes of a
turbine. : -
Momentum, or quantity of motion, is given by
Wxw

the expression Mass X Velocity =

If a body travel along a plane surface without
fricticn at a velocity », and is suddenly struck so
that its velocity is increased to v, the momentum
is increased.

Wo,

The initial momentum =-—1,

L
g H

final

” ”
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and the increase or change of momentum
w
= —(w2—1;1) : : a1

The change of momentum in (11) as the resulf
of the blow is termed an impulse, and the action of
a constant force may be regarded as an indefinitely
large number of impulses gradually ehanging the
momentum of the ‘body.

If the force which we will call ¥ acts for ¢
seconds, then

Ft=— (v,—v),
g(z 1

Ry whole change of momentum - (12)
7z time A5
‘Where the initial velocity is zero, the whole

change of velocity is V feet per second, and (12)=

Ft=‘;_vv, and if ¢ the time of application of the

foree, is unity,
w

L RS S O SRR 0 - By
g,
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CHAPTER IT.

PRESSURE DEVELOPED ON SURFACES BY AN IMPINGING
JET. ‘VELOCITY AND FLOW OF STEAM THLOUGH
ORIFICES.

IT has been seen from Chapter I. that if a body of

mass travelling at velocity of v feet per second,
i

receives a push or impulse P during time ¢ seconds,
the velocity, and consequently the energy, of the
body is increased.

In fig. 3 a piston is shown mounted in a cylinder,
the back end of which terminates in a nozzle.” The
cylinder is filled with water which, the piston being
moved to the right, leaves the nozzle with a certain
velocity V, and impinges on the flat stationary sur-
face. On striking the plate its velocity in the
direction of flow is nil, and the whole chanﬂe of
velocity is V. Hence !

P=Yg‘fv......(1)
where P is pressure in Ibs. per square inch, W weight
of fluid or gas discharged per second, and' V the
ongmal veloclty of the jet.

13



14 MODEL STEAM TURBINES,

If the flat surface in fig. 3 forms one of a series
of vanes round the rim of a wheel, it will move away
from the jet with a certain velocity which is some
fraction of the velocity of the jet. Calling this fraction

Fig. 3.
;l—c’ the vane velocity is the jet velocity divided by z;

thus—
V (the jet velocity) xi:%r (the vane velocity).

Fig. 4.

It is evident thut in this case the velocity of the
jet will not be completely destroyed, as it is still able
to follow the vane up (see fig. 4). The change of

velocity of the Jet is therefore only V-‘—;L and the.



PRESSURE ON SURFACES BY AN IMPINGING JET, 15

pressure P becomes
.o (v-Y> WS VRSSO
g x
The work done per second is, obviously, the pressure
in lbs. on the vane multiplied by the distance in feet
through which the pressure is exerted; and the
distance in feet traversed by the vanes in a second

is the velocity of these in feet per second, or g

Therefore the work is equal to
Px g foot pounds.

inserting the value of P from (2);
) A V.V
the work in foot pounds-——g7 X (V — 5) Xeoo 3)

The efficiency is given by the ratio of the work
done on the vanes to the energy possessed by the jet.

g . W2
From Chapter 1. the jet energy is 5 and the
efficiency is therefore
Equation (3)-%792 o o T AT

For example :—

Supposing the veloclty of the Jet is 300 feet
per second, and the size of the nozzle is such that
2 lbs. of water or gas are discharged in one second,
the energy of the Jet—%—o————-—zg;gg;joo—??%
foot pounds, and assuming. that the vane velocity is
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one-third that of the jet, or ;} Y_?LgQ =100 feet

per second.
Work done on the vanes is from (3)

?j s X (800—100) x 100=1240 foot pounds,

A

408 ™

.Qc
\
/

Effreiency
N W
DY)

\

b
e

A R P SRR R
Vatues of x

Fig. 5.—Variations of Efficiency with Different Speeds,

and the efficiency which is equal to the ratio
Work got out .
work put in
1240
2790

Taking the same figures as to velocity of jet and
weight of fluid discharges, but varying the vane
velocities, the curve, fig. 5, is obtained, showing

is by (4) and the preceding calculations

=44-5 per cent.
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that the efficiency is a maximum when the vane
speed is half that of the jet. It will also be seen
that the maximum efficiency is only 50 per cent.,
which is all that can be attained with a flat plate.
This loss of efficiency is due to shock, and to the
fact that the jet moves on with the wheel, and the
energy which it still contains is not utilised. The

_1802,
A oFf V_ " » B
L Sy
_\/—)'

Fig. 6.—Action of Curved Blades.

first loss can be avoided by curving the vane as
shown at A, fig. 6, which gradually changes the direc-
tion of flow of the jet. If matters are so arranged
that the direction of flow.of the jet is completely
reversed as at B, fig. 6, it is clear that the energy
abstracted will be the maximum possible; and if
the vane speed is, as before, half that of the jet,
the efficiency becomes 100 per cent. In practice,
however, owing to the necessity of arranging for
23—2
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the entrance and exit of the jet, the angle between
the initial and final directions is somewhat less than
180° If a Pelton type of wheel is employed, as in
the Rateau single wheel turbine and that of Messrs
Riedler & Stumpf, this angle becomes 180°, but
the steam nozzle has to be inclined, so that the

/8

S

~
(X

Pressure ob Vares. /bs.
©

el
3 7 S

2z
Vatues of x

Fig. 7.—Variations of Pressure on Blades with Different Specds.

o 7

effective velocity of the jet is less than its absoiute
velocity, 4.e. the velocity with which it leaves the
nozzle. TFig. 7 shows the increase of pressurs oun the
vanes as the peripheral speed falls below half the jet
velocity.

From the foregoing it is clear that to design a
turbine to do a’certain amount of work ail that is
required to be known is the weight dischiarged in
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unit time and the velocity attained by the working
agent, whether it be a gas, as steam or compressed
air, or a fluid such as water.

The extended development of the turbine in recent
years has directed the attention of experimenters to

P ———

H
|
|

=

Fig. 8.

the at one time obscure subject of the: velocity and
outflow of steam through nozzles, and much valuable
information is now available in the various technical
journals. - The following approximate method of treat-
ment will, however, be sufficient for the purposs of
designing model steam turbines.

Let T (fig. 8) be a tank in which the water is kept
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1

at a constant level, and let it be provided with a
discharge pipe terminating in a nozzle as shown.
Suppose the relation between the height H and
the area of the mnozzle is such that one pound of
water per second is discharged; each pound of
water in falling from the tank to the nozzle does
1x H foot pounds of work, this work is expended in
giving velocity to the jet as it leaves the nozzle.
Now the kinetic energy of the jet is, as has been

Fig. 9.

proved, —— foot pounds, or since W=1, — 1s equal

5 ‘)

4g
to the 1xH foot pounds of work done in falling
from the tank. Assuming no losses by friction in
piping or nozzle, then

2
1 x H or H (foot pounds)= %(foot pounds), and there-

fore v?=2g (H foot pounds), or the velocity acquired
v= /29 X the work done in falling through H feet (5)

In exactly the same way we may calculate the
velocity of steam in falling from an initial pressure
2 to final pressure p,. The steam does work on
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itself, as each layer may be considered as acting as
a perfectly free piston to the steam behind it, as in
fig. 9. Similarly a projectile in a gun acquires velocity
by the expansion of the gases generated by explosion.
If, therefore, the work done on itself by steam in fall-
ing through a certain difference of pressure (the ‘1’
of the hydraulic analogy) is calculated, the velocity
can be obtained as indicated by equation (5).

Fig. 10.

For example :

The work done on itself by steam expanding from
50 lbs. absolute (gauge pressure 35 lbs.) to & Ib.
absolute (a vacuum of 291" mercury) is 276,300 foot
pounds approximately, and (5) becomes

v=,/24+322x 276,300}
or since the square root of 2 x 32-2 is 8 nearly,
v=38 ,/276,300=4200 feet per second.

There are two methods of evaluating the work done
by steam in expanding from one pressure to another.
One is to construct an ‘indicator diagram’ for one
Ib. of steam, as in fig. 10; or, alternatively, to
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calculate it. Both are tedious, and the latter is both
tedious and difficult to those not accustomed to such
calculations.

For model turbines it will not be possible, as a
rule, to apply a condenser, and the expansion will
not therefore be anything like so high as in the fore-
going example. The following table, calculated on
the assumption of atmospheric exhaust, gives the
velocities attained by steam jets under most condi-
tions as to initial or boiler pressures likely to be
met with.

TanLe I

40| 50/ 60| 80

Gaugepressure,lbs.persq.in.,| 15| 20

Velocity of steam at throat
of nozzle, ¢ 1 . 114301450

1460|1470 | 1475|1480
i

Terminal velocity, . . [ 1600 | 2050 ‘ 2256 | 2368 | 2512 2720

In fig. 11 a steam nozzle of the De Laval type is
shown, and by reference to this it will be seen
that the nozzle consists of two parts, the inlet part
to the left of the figure being convergent up to
the minimum area or ‘throat’ A, after which the
nozzle diverges.

On reference to Table I. it will be noticed that the
velocity of the steam at the throat of the nozzle is
almost constant, whilst the terminal velocities in-
crease as the initial pressure is raised. At 15 lbs.
pressure (30 lbs. absolute) the ratio of expansion is

?—g=2, and the final velocity when leaving the
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nozzle 1600 feet per second; whilst at 80 lbs. with
|4
a ratio of expansion of ikl b 6%, the velocity is
15

2720, or 1'7 times as great. From the very close
agreement of the throat velocities we should expect
that up to the throat the ratio of expansion is
the same whatever the initial pressure may be ; and
this is so, it being a well-known fact that steam
discharging through a converging nozzle expands to
58 per cent. of theinitial pressure. This peculiarity

A
7

Fig. 11.—De Laval Nozzle.

(which will be useful for calculating the size of the
orifice for passing a given weight of steam) may be
explained shortly as follows :—

In expanding to any extent, the volume of steam
increases directly as the ratio of expansion. Thus at
20 1bs. absolute the volume of a pound of steam is
1973 cubic feet,and at 10 lbs. absolute (ratio of
expansion 2) 37-83 cubic feet. With a fixed dis-
charge orifice, if the volume of steam is doubled, say,
by increasing the ratio of expansion, the velocity
required to discharge it in the same time must be
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doubled also. Assume the velocity is 1000 feet per
second, and that one lb. of steam passes per second.
The energy in foot pounds

_W»2_1x1000x1000

= 'ig— o ——m—— 15,500 foot poullds.

If the ratio of expansion is twice that in the first
instance, the energy developed will be proportion-
ately increased, but the energy required to double

the velocity is equal to

1x2000 x 2000
2%322

or more than twice times the amount actually avail-
able, consequently the steam cannot get away, and
accumulates until its pressure (and consequently its
volume) is such that the available energy suffices to
discharge the steam from the nozzle, and this point
18 reached, as before stated, when the throat pressure
is 58 per cent. of the initial. This explains why a
boiler does not instantaneously discharge the whole
of the steam when the safety-valve lifts. Weare now
_ in a position to understand the function of the diverg-
ing part of the nozzle. By progressive enlargement
of the nozzle area as the expansion of the steam is
extended, the jet is able to expand laterally as well
as in the direction of flow. The increase of area of
the jet along the nozzle as the volume of steam grows,
makes the velocity required to discharge it at any
given point the same as the velocity actually pro-
duced by the degree of expansion at that point. If
the nozzle were convergent, only, the steam would

=62,000 foot pounds,
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spread laterally as at A, fig. 12, and the velocity
would be about 1400 feet only, and would not be
increased even if the nozzle were discharging into a
perfect vacuum ; but by providing a taper extension
piece, the discharge is as sketch B, and the energy
developed is much greater. The following table

Fig. 12.—Difference between Simple Orifice and Taper Nozzle.

gives the weights of steam passed through a De Laval
nozzle having a throat area of 1 square inch,and also
shows the increased area required at the discharge
end, abmospheric pressure in the turbine casing being
assumed. The taper of the flaring end should be
1 in 12, which, with the throat and d1scharge dimen-
sions, fixes the length of the nozzle.
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TaeLr II.

Gauge pressure, lbs. persq.in.| 15 | 30 | 40 60 | 80

alAe B,

Weight of steam passed per
second per sq. in.,  lbs. | 0'41[0°53 | 066 | -757| +88 {1-C9

Area of discharge end of

nozzle, : . sq.in. [1-015{1°02 11212 |14 |13

In model turbines we shall, of course, not deal
with such large quantities as given in the above
table, but this is useful, not only in enabling us to
calculate the size of orifice required for any weight
of steam, but also in fixing the final area of the
nozzle. Thus, whatever the throat area may be, at
15 1bs. pressure the discharge area of the nozzle must
be 1-015 of this, and so on.

L
% WY P 9000
NS 8000
% & -1
7(”0
S A%
g - 6o0o
gg“ 4 so00
< i 4000
- < :
;3 il oo
§° 47 Joco
& @ 2 ! o 000

/5 30 40 SO €9 To FO 100 10 12D 130 140 15O Ko
T3 Gadge Pre;:?ﬁe lbs PE =q /»ﬂf”

Fig. 124.—Steam passed per hour per square inch for different
Boiler Pressures.

The above curve, the result of actual experiments,
will be found useful for reference.



CHAPTER III.

MEeTHOD OF DESIGNING A DE LAVAL
STtEAM TURBINE.

THE size of a model turbine is determined by the
maximum evaporation of the boiler which is to
furnish the steam.” A standard rule has, been to
reckon on one cubic inch of water ‘per minute per
100 square inches of heating surface. Five cubic
inches evaporation from this surface has been ob-
tained, and designs promising as much as ten cubic
inches have been published. We will take one cubic
inch, and if the evaporation is more or less than this
quantity areas will have to be increased or reduced:
in exact proportion. - One cubic inch of water weighs
0036 1b., and the table overleaf gives the corre-
sponding volumes of steam both in cubic inches and’
feet at the respective pressures considered. ’

Assuming that the boiler pressure is 30 Ibs..
(gauge), the volume of steam delivered to the tur-.
bine per minute is 0'33 cubic feet, welo‘hmg, of’
course, 0036 1bs.; hence the volume and weight;

27
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passing per second will be one-sixtieth of these
figures, that is, 0006 1b. and ‘056 cubic feet respec-
tively. From Table IIL. 0-563 lb. of steam is given as
being passed per second per square inch at 30 lbs.
pressure, therefore the throat area of our nozzle
becomes 1 x 06922)6: 000113 square inches, and the
value of the final area is, from the same table, 1-02
times this=000113 x 1-02=0:00115. The diameters
can be calculated as follows:—

Area= 7% where 7=31416. .. Sapa 72,

™
Sool by e o ATSR
™
B s oy [AT68
i

TasLe III.

; and since 8, the diameter,

Volume of Steam from 1 cubic inch of Water.
Gauge Pressure.

Lbs. per sq. in.
Cubic inches, Cubic feet.
15 830 0°48
30 571 0°33
40 467 0-27
50 398 023
60 346 020
80 276 0°16
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Applying this to the above ﬁgures the throat
diameter becomes
5=2\/ 00185 2V V0N o ias s, (107~ L6
™ 17T
The details of this calculation given below will
make the method of operation quite plain.

I RS G R B 1
000113 = o '\/mo—

\/;{)101300 é(l) 66 *0336 ; and this multiplied
by 2 and divided by 1-77,
‘0336 % 2

177
In exactly the same way the diameter at the end
of the nozzle is found to be 00384 inches. The
conically expanding portion of the nozzle should

= 0038, or 1885ths of an inch.

R C
|
TA i 075 S B
Fig. 13.

have a taper of 1 in 12, and this will fix its length,
which can be obtained graphically as shown in
fig. 13 in the following manner. Draw a straight
line A B, and at B erect a perpendicular B C = ;th
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the length of A. Now find by trial at what point a
along A B the vertical ab is equal to the throat
diameter of the nozzle, and also the position ¢ at
which ¢ d equals the final diameter, then ac=/, the
length of the nozzle. '

Using the diagram for the case in question, the
length works out to %, of an inch, so that the
nozzle amounts to little more than a simple orifice
in a thin plate. Even if the throat area of the
nozzle were somewhat nearer that of the nozzles
used in actual work, it is doubtiul if a properly
designed De Laval nozzle would give better results
than a simple orifice with the low pressures we are
considering.

In the following . table particulars as to areas,
diameters, and lengths are given, and a reference
to this will show' how extremely - minute "the
dimensions are as a result of the small quantity of
steam available.

TasLE IV.

Diameters, inches. [Areas,squareinches.|
Gauge presssure. Length.
Lbs.

Inches,
Throat. | Final. | Throat, | Final.

15 0°042 0:0426 | 00014 | 0°00142 0-008
30 0-038 0°0384 [ 0°0013 | 000115 0°006
40. 0:034 00356 | 0°0009 | 0°001 0018
50 . 0032 00348 | 0°00079 [ 0°000948 | 0°033
60 © 11040292 | 040337 [0°00067 | 0°0N0938 | 0°'054

80 00264 | 0:0328 | 0°00055 | 000084 0077

P
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The nozzle may be made as follows :—

A piece of brass rod, A, fig. 14, is screwed to take a
standard union and bored to J5 of an inch nearly
the whole way down. A drill somewhat smaller than
the required area according to Table IV. is used to
complete the bore, and the throat orifice is then
made the exact size by using a needle as a rimer and
working from the discharge end of the nozzle. The
throat diameter should be slightly under rather than

over the exact dimension, since the area of the
nozzle increases as the sguare of the diameter, and
not as the diameter simply. ;

The next points to be decided are, the diameter
of the wheel and the speed at which it is to be run.
Fig. 15 illustrates in plan the nozzls, and a portion
of the turbine wheel and the diagram of velocity
is' set out in the upper portion of the drawing.
O C is the velocity of the steam jet as it leaves the
nozzle, or the ‘absolute velocity’; OB is the
peripheral velocity of the wheel at the point where
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the steam enters, and O D is the velocity of the
steam jet relative to the wheel. The peripheral
velocity of the wheel is the number of feet per
second at which a point on the rim moves in space
and is equal to 2#xrN feet, where 7 is the
radius of the wheel in feet and N the number of
revolutions per second. In Chapter I. it was shown
that for maximum efficiency the peripheral speed

\%

Fig. 15.—Diagram of Velocities.

"of ThHo wheel should be half that of the jet, and

as the nozzle is inclined at an angle of 20°
to the wheel, the component velocity parallel to
the wheel must be obtained. This can be done
graphically by extending the line O B and dropping
a perpendicular from C to X as shown in dotted
lines in fig. 15, when O X to the same scale as O C
will give the parallel component in feet per second.
From Table IT. O C equals 2050, and O X is therefore
about 1930 feet per second. The velocity O B of the
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1930

wheel is then =965 feet, and we can now fix

the diameter of the wheel. The diameter does not
mean the extreme diameter, but twice the radius
from the centre of the wheel to the centre
of the steam mnozzle; and as it is advisable to
fix the latter some way down the vanes, say
half an inch, the actual diameter of the wheel
from the tips of the vanes will be an inch greater
than the one on which our calculations are to be
based. Taking a wheel whose extreme diamecter
is 4 inches, the working diameter will be 3 inches
and the circumference 0-78 feet. The number of
revolutions necessary in order that the wheel
speed is half the steam velocity, 7.c. 965 feet, is
956 '

078 :
minute ; and if 2000 revolutions is the maximum
which the driving shaft may make, reduction
f%%’-ggg=37 to 1, will be necessary. As in
most cases probably old clock wheels will be
utilised for gearing, it -will not be possible to
accomplish this reduction in one stage, and a com-
pound arrangement as indicated in fig. 16 will be
necessary. A simpler form of reduction gear is
to employ a worm wheel on the turbine shaft
and a single wheel on the propeller or driven
shaft. We have now to consider the shape of the
vanes. In fig. 17 the velocity diagram of fig. 15

is transferred to the base line X; O X, the lettering
; 23—3

=1230 revolutions per second, or 73,800 per

gear o
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remaining the same. The angle «,, which the
relative velocity of the jet makes with the horizontal,
is the entrance angle to the vanes in order that the

Torbine Sbuff E Driy vl'ng Jr/f.

Fig. 16.—Compound Reduction Gear.

steam may glide on to these without shock, and in
the diagram this angle is reproduced to the left of
O both above and below the horizontal X* OX, and
the discharge angle thus has the same value,
although in actual practice this is not so. From

Y o
A
a// N~
!
X‘ \
N\ -

Fig. 17.—Formation of Blades.

different points in the line O X* ares can be struck
which will fulfil the necessary conditions; that is,
that their direction at the extremities bounded by
the lines O Y, OY, coincide with the latter. It is
evident, therefore, that we must have some rule to
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decide which of the series of vanes should be adopted
(two are shown in the diagram); and if the vane is
chosen such that the length of the chord drawn
across the edges is } inch or $ inch as maximum,
satisfactory results will be obtained.

It is important that the weight of the wheel be
kept down and that the diameter be as large as
circumstances will permit, in order to reduce the
number of revolutions. To meet the two conditions
the wheel illustrated in figs. 18 and 19 has been
designed. It consists of a central disc of sheet brass
i in. thick and 2 in. diameter, and is threaded on
the shaft, being held in a vertical position by the two
bosses as shown. These are in turn locked by two
back-nuts, shaded black in section, and the wheel is
prevented from moving relatively to the shaft and
bosses by the two pins, which are a force fit. The
shaft itself, which may be turned down from a piece
of 2 in. steel, is provided at one end with a conical
centre to take a pointed screw from the casing, and
the other end has a journal with bevel collar to take
up any thrust. The pinion for the gearing, which
is illustrated conventionally, is intended to be out-
side the casing. The vanes, the construction of
which will be dealt with later, are made from thin
brass, about No. 28 B.W.G., and have a slot cut in
the middle, the width of which is % in., so that
they will slip over the disc. A similar slot is cut
in the disc itself, the depth of the.two slots being
¥ in. The bottom of the vanes will thus be £ in.
below the edge of the dise, and the provision of the
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Fig. 20.—Elevation.

Fig. 21.—Section.
Alternative Design for De Laval Wheel.
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two slots in both vane and disc locks the vane in two
directions; it cannot move sideways from the
vertical line in either fig. 18 or fig. 19. The slots
should be tinned and the vanes sweated in position,
which will be found to be a job for patience. An
alternative method which can be used for wheels
larger than 3 in. is shown in figs. 20 to 23. It is

Fig. 22.—Sketches of Blades for Alternative Design.

more troublesome to construct than the one just de-
seribed, but the blades are held rigidly in place with-
out the necessity for soldering, Fig. 20 is a segment
of the wheel with the vanes attached, and fig. 21 is
a section on the vertical plane. The form of the
vanes is clearly shown in the isometric view, fig. 23,
and the ‘blank’is also given in the same drawing.
The wheel consists of a central boss and two outer
discs of {5 in. sheet brass. The boss is attached to
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the shaft by means of a pin of a length exactly
equal to the diameter of the boss, so that when the
pin is driven home it does not project either way
and put the wheel out of balance. The two discs
are fastened to the boss by means of pins of uniform

Fig. 23.—
Sketch of Blade
in Position.

diameter, which may be allowed to project each side
slightly, and then riveted over by spreading the
ends with a centre punch. Only one disc should be
fixed first, as the vanes have to be inserted before
the second dise can be finally fastened. The vanes
are held in place by their bottom lugs entering small
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slots some way down the discs, and an additional
steadying is given by the saw-cuts in the edges of
the dises, which allow the bottom of the vanes to
enter, as clearly shown in fig. 23. To ensure the
discs being exactly alike in every respect, they
should be sweated together and all holes drilled and
slots cut, after which they can be separated. The
construction of the shaft is similar to the previous

Blank

Fig. 24.

example, -and the conical shoulder could of course
be formed by turning the shaft down. The object of
- the pivot bearing is to allow adjustment of end-play
and to enable the shaft to rotate on an-axis other
than its geometrical one. This is accomplished in
the De Laval machine by using a long thin flexible
ghaft, as is well known, but such a method is
impracticable in a model. An ingenious method of
forming the vanes and wheel out of one disc of brass
is due to a firm of German toy-makers, and is illus-
trated in fig. 24. °~ A series of holes are drilled round
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the disc and radial cuts are made outwards to the
edge. The flat pieces between the saw-cuts are then
curved, and afterwards twisted so as to be at right
angles to the disc. ]

A development of this idea due to the writer is
illustrated in fig. 25, which allows the pitch to be

Fig. 25.

reduced while keeping the blades the same width.
Two identical dises (Nos. 1 and 2) are first marked
out and the rings of holes % in each are drilled; No.
1 is then finished off in the ordinary way. In No. 2
the radial saw-cuts are made off the centre by a
distance ¢ equal to the thickness of the metal. - The
two discs are now riveted together, the vanes of one
being between the vanes of the other, and the result
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is a wheel with a pitch one-half that of a single disc
wheel. The object of displacing the radial cuts in
No. 2 is to keep the tips of all the vanes in line.
Werey it not for this arrangement, the vanes would
be “staggered.” By using thin brass, reducing the
width of the blades, and using two or even three
discs, a very efficient wheel could be made, and the
pitch would approximate to the cross-section of the
steam jet.

The question of casing may be left to the reader,
the numerous designs which follow offering sufficient
choice.

It will be interesting at this stage to see what
power the model may be expected to exert. The
weight of steam passing per second is 00006 lbs. at
a velocity of 2050 feet.

The energy in the jet before entering the wheel
;s 10006 x 2050 X 2050

2x32:2
energy remaining after leaving the wheel at a
velocity of about 900 feet per second will be

0006 x 900 x 900
: 62>§< 522>< =77, or 8 foot pounds nearly,

=39 foot pounds, and the

therefore the energy given up fo the wheel is
equal to (39—8)=31, and putting the turbine
efficiency at 40 per cent. only to cover losses in
nozzle and due to friction of dise and of bearings,
the work done in foot pounds is equal to 124 per
second, or 750 per minute. If the driving shaft is
running at 2000 revolutions per minute, the work
done by the turbine per revolution multiplied by the
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revolutions should equal 750, or work done per
5

revolution =;70006=0'375 foot pounds. This will
show that shafting and propeller gear, if the turbine
is to be applied to boat propulsion, must be of the
lightest description and friction must be kept as low
as possible, also the pitch and area of the propeller
will require to be reduced considerably below that
for boats driven by slower running reciprocating
engines.



CHAPTER 1V.

CoMPLETE DESIGNS FOR DE LavaL TURBINES.
METHOD OF MAKING VANES. SHROUDING.

Fies. 26 and 27 are sections of the prize design in
the competition instituted by 7%e Model Engineer.

Referring to fig. 26, it will be seen that the left-
hand bearing for the shaft consists of a steel plate
with a countersunk boss in the middle, which is
attached to the end casting by four } in.studs, shown
in fig. 31. The boss must be deeply case-hardened
for the end of the shaft to run in. The space
between the steel plate and the end-plate forms an
oil chamber, the oil being conveyed to the bearing
by a ring as in dynamos.

The right-hand bearing is a } in. countersunk
steel stud, screwed through a boss in the end-plate,
and held in position by a lock nut. This stud is
also hardened. The pinion on the shaft gears into
a gun-metal wheel 113 inches diameter, mounted
on a 4% in. shaft. This is supported on the left
by a gun-metal bearing (fig. 34), screwed to bosses
on the end-plate.

A thin brass plate is soldered on the inside of
44
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the right-hand end-plate, as shown by dotted lines
in fig. 31. This forms an oil bath in which the gear
wheel runs, thus carrying oil to the pinion and
bearing, and a thin brass cover should be put, as in
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Fig. 28.—Plan of Wheel,

fig. 33, to keep the oil from splashing all over the
case. Oil cups and drain cocks can be fitted as
shown to both oil baths.

A small hole, B (fig. 26), is bored in the end-plate
to allow any condensed steam to drain from the case,
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and another in the end-plate of the turbine case,
the latter being rimered and filed until the steam
nozzle fits in it at an angle of 20° to the plate. The
nozzle is held in place by a brass bracket sweated
to it, which is fastened by two serews to the end-
plate. The joint between the nozzle and the end-
plate should be sweated with soft solder to make
it steam-tight. The exhaust steam passes through
a } in. diameter tube soldered into the side of the
casing.

Fig. 29.—Boss of Wheel.

The vane wheel of the turbine consists of a boss,
round which a number of suitably shaped vanes are
fixed. Outside these vanes is a brass band to keep
the steam from escaping through centrifugal force.
The dimensions and appearance of the wheel can
be seen in figs. 26 and 28. The vanes are made
from No. 28 B.W.G. brass £ in. long, and having the
proper curve.

The boss (fig. 29) is made of either brass or gun-
metal, and can be built up or turned from a casting,
the latter course being preferable. Its dimensions
are :— Diameter of side plates, 1} in.; diameter of
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centre, § in.; thickness of plates, -3, in.; distance
apart of plates, £ in.

The centre of the boss extends on one side of the
wheel, so that it can be fixed to the shaft by a pin
driven right through. In the edges of the plates
twenty-four equidistant cuts are made with a fret-
saw, into which the bottom edges of the vanes are
sweated. These cuts are at an angle of about 40°
with the side of the plate.

The shaft is turned from a piece of steel % in.
diameter, and has a disc left at one end in which

707
%
QR 08 dia”
"a,.. N
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Wet \\\‘\ \‘\\\ Sy
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£ jull, diat
Fig. 30.—Detail of Nozzle.

teeth are cut for the necessary gearing. Its dimen-
sions are:— Length, 2 in.; diameter, 3. in.;
diameter of boss, § in.; width of boss, } in. The
ends of the shaft are pointed and hardened, and run
in two hollow centres. The boss of the wheel is
bored a good fit on the shaft, and is secured by a
small pin driven right through it.

The steam nozzle is made of a piece of brass rod
outside diameter 5% in. (bare). A hole 0'04 in.
diameter is bored through the middle of it, and is
tapered out as in sketeh, fig. 30, which elearly shows
how the nozzle is attached to the casing. The nozzle
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is designed to suit a boiler evaporating 1:2 cubic
inches of water per minute, and a reference to Table
IV, Chapter II., will show that it is much too long.

The various details of ihe casing are shown in
figs. 26, 27, 31, and 32. The case of the turbine
consists of two castings, fig. 31, fitting into the

Fig. 81.—Ends of Turbine Casing,

ends of a piece of 3} in. diameter solid drawn brass
or copper tube, the whole being held together by
five bolts, as shown. These castings can be made in
either brass or aluminium, preferably the latter.

The vanes are twenty-four in number, and the
method of their construction is explained at the end
of this chapter. The method advised by the designer
for fixing these into the boss is ag follows :—

23—4
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The boss, mounted on a mandrel, is firmly fixed
to a piece of wood with a hole 31 in. diameter by
¢ in. deep turned in it. A circle of ordinary pins
must now be driven into the bottom of the hole at
equal distance apart. The diameter of this circle

Sl‘ofz valve.

Sy

oil cufe.
Fig. 832,—Plan of Turbine.

should be about 2% in. (fig. 35). The vanes are now
pushed into the saw-cuts in the boss, the backs of
their outer ends being against the pins. In this
way the vanes are held in their places radially.
‘When all the vanes are in position, a thin mixture
of plaster-of-Paris must be poured into the hole in
the wood. -When the plaster has thoroughly set,
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the boss and vanes, firmly imbedded in the plaster,
can be taken from the board, the pins having been
previously removed. It must then be mounted

0
0

o0

0

Fig. 33.—O0il Bath Casing.

Fig. 34.—DBearing for
Countershaft.

Fig. 85.—Fixing Blades (Plan).

between centres, and carefully turned down to 2%
in. diameter. The outside ring for the wheel is
made from a piece of solid drawn brass tubing,
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3 in. diameter and J% in. wide; this. must be
thoroughly annealed, and one edge spun over, as in
figs. 28 and 73. :

The plaster-of-Paris must now be carefully chipped
away for a depth of about 1 in. from the ends of the
vanes, and the brass rings slipped into place. A
thin layer of solder is then sweated into the inside
of this ring, which fixes the outer ends of the vanes
firmly to it. The plaster is then chipped away from
the other ends of the vanes, which are then sweated

Fig. 36.—Sketch showing Method of Fixing Blades.

to the boss. The other edge of the brass ring must
now be carefully spun over. When the remaining
plaster-of-Paris is removed, the wheel will be found
to be perfectly true and strong.

Fig. 37 is another competition design. The casing
cc is of drawn brass tubing, and should be care-
fully trued inside and on the ends. The covers
¢e are preferably castings, but may be built up or
turned from the solid, as may also the wheel. These
are held together by three bolts d, a slight fillet
being turned to fit inside casing. The bosses are
drilled +% in. to take the bearing sleeves ss;
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these must be of good gun-metal and a sliding fit.
The oil-cups act as dowels to prevent them turning.
The wheel ¢ requires to be carefully turned and
drilled centrally for shaft; a piece of knitting-needle
makes a good shaft if a driving fit for wheel, so that
the original temper and polish be preserved.
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Fig. 87.—Design for Model De Laval by the
Rev. W. Bredin Naylor.

The vanes are cut out of the solid as detailed
further on, and their dimensions, together with
those of the steam nozzle and the oil cup, are given
in figs. 40 to 42. The nozzle is turned from 4% inch
brass rod, and its exact size is given in fig. 42, The
dotted lines show the taper discharge end. It is
sweated into the casing as seen in figs. 37 and 38, at



54 MODEL STEAM TURBINES.

an angle of 60°. The designer does not state
why this angle is chosen; but, presumably, the

Fig. 39. Fig. 41.—0il Cup. Nozzle.

object in view was to reduce the velocity at which
the wheel would have to-run.  While this would
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certainly be accomplished, the energy in the steam
is not so fully utilised as it might be.

The saddle f (fig. 38) on which the casing rests
was made from 1 in. brass tube hammered to a

Fig. 43.—Photograph of the Rev. W Bredin Naylor S
Model Steam Turbine, -

rectangular shape on a former, and serves as a
chamber to. collect the condensed steam from the
outlet o in under part of casing. The turbine is
geared down to 1 in 10 af least.. The designer
_ subsequently completed a model turbine of which
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fig. 43 is a photograph, and fig. 44 gives details of
the wheel and bearings,

The wheel is 1} in. in diameter by # in. thick,
and the blades are cut {3 in. deep, with a space
between of } in. The oiling arrangement is ex-
plained by fig. 44, and the oil is supplied from the
cup seen on the top of the casing. The nozzle has a
throat diameter of gl in., and the final diameter is

S ]
AL _{//'////57/1

Fi1c. 44.—Wheel Spindle and Bear-
ings in the Rev. W. Bredin
Naylor’s Finished Model,

16 in. The gear runs in oil, and the reduction is

10 to 1. With steam at 30 lbs. pressure, the number

of revolutions is said to be about 10,000 per minute ;

but it is not stated whether this figure refers to the
turbine or the propeller shaft.

Figs. 45 to 49 are drawings for a turbine to develop
“anything up to 5 H.P.,” and a glance at the sectional
drawing of the steam nozzle will show that the
turbine is too large for the ordinary model boiler.
It consists-of a disc mounted on the centre of a
flexible steel shaft, the supports of which are placed
at a considerable distance from the disc. As it is
impossible to accurately balance the wheel, this
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construction is necessary to take up the vibrations
- which arise through this inaccuracy and the ex-
tremely high speed at which it works.

The vanes, which are made of tough gun-metal, are
dovetailed around the rim of the dise, and the steam
is blown against them from a number of nozzles
arranged around the circumference. There are two
nozzles, one at the top and one at the bottom™ of the
wheel. It is advisable to cast four bosses to the
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Fig. 46. Fig. 48.—Enlarged

Drawing of Blades

(Elevation).
circular chamber to which the steam-pipe is con-
nected, and two of these could be left blank, so that
they could be bored at any time fo increase this
power of the motor. No shutting-off valves are
shown on the nozzles, as these could be fitted if
desired, although they are not absolutely necessary.
The nozzles, of which one is shown in section in
fig. 46, are designed for an initial steam pressure
of 50 1lbs. or 65 lbs. absolute; and as it is not
intended to apply a condenser, the steam expands



COMPLETE DESIGNS FOR DE LAVAL TURBINES. 59

/.f!g 'ﬂm
d .

\fr

n,

Fig. 48a.—Enlarged Draw-
ing of Blades. (Plan.)

|
e
|

— ]

Fig. 47.—End View and Section of Larger De Laval Turbine.
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four times only. The throat diameter is } in. and
the discharge 1 in.

Fig. 47 is a half section and a half outside elevation
of the turbine, and fig. 49 gives details of the
governor and throttle valve, the section in fig. 45
serving to explain the internal construction of this.
Its action will be understood by fic. 49. The
governor consists of two balls, connected to the two
4 in. diameter dises by two thin pieces of spring
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Fig. 49.—Governor.

steel wire. Its action is similar to that of the
ordinary Pickering governor. The disc next to the

driving pulley is rigidly keyed to the governor

spindle: the other, nearest the throttle valve, is
allowed to slip along the spindle.

Fig. 48 is a larger size view of the vanes, showing
how they are fixed.. They are dovetailed into the
wheel, and made a tight fit, and a centre punch
driven into the rim at each side of the joint will
prevent any lateral movement.
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To those to whom the gearing may prove a

stumbling -
block, the
friction
gear illus-
trated in
the two
following
drawings
may be of
interest.
The gear is
formed of

bevel wheels, of
which one element
of the pair is of
metal and the other
of some such sub-
stance as pressed
leather or silicated

cardboard.

turbine shaft is
supported in bear-
ings B, B,, and the
end thrust in the
direction B, B,

keeps the

wheel tight against
the two opposing

plain

The

bevel

Fig. 50.—Elevation of a Model Steam Turbine, showing the Reduction Gear.

wheels. This thrust can be increased by making the
exit angle of the vanes slightly less than the inlet
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angle—that is to say, angle A, less than A, (fig. 15),
or the turbine shaft could be kept up to its work by
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Fig. 51.—Plan of Turbine and Gear.

e T 3

a spiral spring
pressing against
the turbine cas-
ing and a collar
on this shaft.
This form of gear
allows of a high-
speed reduction,
and even if not
adopted in its
entirety, the
bevel . wheels
offer an alterna-
tive to toothed
gearing.

There are
several methods
for forming the
vanes, and the
simplest, and
certainly the
least tedious, is
the following,
due to the de-
signer of the tur-
bine described on
p.- 43:—

Referring to fig. 52, two pieces of iron are clamped
together and a hole, of a diameter depending on the
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curvature of the blades, drilled through them, the
centre of the hole being fixed so that the bottom
piece of iron forms a mould for the vanes. A piece
of rod should then be turned down to a diameter
less than that of the hole by twice the thickness of
the brass sheet of which the vanes are to be made.
The rod is now filed down till it is flush with the
top of the mould, when a piece of the sheet brass
is interposed. The vanes are formed by taking
a flat piece of brass well annealed and about the

P
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' 1
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Fig. 52.—Method of Curving the Blades.”

size of the mould, laying this on the top and forcing
the segment of the rod, or ‘core,] on top with
a hammer. This bends the brass to the correct
curvature, and the projecting edges can be after-
wards removed. The writer has had some experience
with this process, and has found it very easy and
satisfactory, and it can always be employed where
the vanes are symmetrical, that is to say, form a
segment of a circle. .

Mr Bredin Naylor cuts his vanes out of the solid rim
of the wheel in the following ingenious manner:—

The tool for cutting the curved vanes is shown in
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fig. 53, and it is made from a }-in. steel rod having a
hole 4 in. diameter drilled centrally at %, and turned
down on the outside till the thickness of the blades
is 4% in. The edge is nicked with a chisel to make
a saw edge, and is then hardened. The cutter is
held in the lathechuck, and the hand-rest is set

| (A
——F10

Scale :
twice full
size.

Fig. 54.—Sketch showing how Annular Cutting Tool Limits
the Depth of the Blade.

s in. below the lathe centres and almost touching
the teeth of the cutter. The work is held in the
fingers and thus fed up to the cutter. The sketch
(fig. 54) shows very clearly how the depth of the
blades is limited for a given size of blade and cutter,
the back of the latter destroying the other blades,
and to obviate this Mr Bredin Naylor designed the
improved cutter (fig. 55).
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The cutter is made from tool steel rod about 2} in.
long, the diameter being a quarter greater than
the thickness of the washer to be cut. The rod
is chucked and trued for § in. from the end; a
hole is drilled in the end of such diameter as to leave
the sides about % in. thick; the sides are filed
away, leaving the part « projecting; this is shaped

!Iﬂ/ {/ e

) o= s
@
Fig. 56.—Diagram showing
how the Improved Cutter
—_ Forms the Blades.

Fig. 55.—Improved Cutter.

for clearance, and, of course, hardened and tempered.
Fig. 57 shows the method of using it; & and ¢ are
‘steadies’ for the wheel w, and are held in the
slide-rest and fed up to the cutter in the chuck,
which is worked by hand in semicircular sweeps.
‘There should be a very slight clearance to allow the
wheel to be turned round on the pin p without
loosening the slide-rest nut. A hand vice may be
used to hold the wheel steady while it is being cut.
23—5
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The sketch (fig. 56) shows the action of the cutter «
at the beginning of the cut; b, after cutting; from o
the cutter is brought back to @, and the washer
advanced for another cut. Spaces of any dimensions
can be left between the blades.

This method has the advantage over the built-up
wheels with separately formed vanes, that for a given
diameter of wheel the number of vanes can be
much greater owing to their being closer together.

ﬁwz ”n{

S e
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Fig. 57.—Method of Using Improved Cutter.

Where the distance apart is greater than the cross-
section of the steam jet, it is obvious that for con-
stantly ~recurring infinitesimal spaces of time the
jet is blowing through the wheel without doing
any useful work. On the other hand, if the vanes
are foo close together, they continually meet the jet,
and eddying is set up, which means, of course, loss
of energy. Only experiment can seftle the best
width to adopt. It has been pointed out that Mr
Naylor’s cutter could be used for cutting grooves in
the rim of the wheel boss into which vanes made of
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sheet brass could be sweated, and this would make
a very satisfactory job.

To overcome the difficulty described by fig. 54,
the blades may be cut in threes or fours as at A,
fig. 59, dovetailed annular rings being cut into por-
tions to form them. These may be clamped to a
boss as shown at B, and finally fitted to a similar or
the same boss to complete the wheel.

The following method of cutting turbine blades is
suggested by a contributor to The Model Engineer :—

Fig. 59.—Another Method of making Blades.

“Tt will be seen that the ring from which the
blades are to be cut swings on the centre A B, at a
radius R above the line of lathe centres; it may
just as well be placed at radius R below the lathe
centres, as may be most convenient (fig. 58). The
cranked arm may be bolted either to the top of slide-
rest, or to the lathe bed. If the ring be placed in
the vertical centre of the lathe, and fed up to the
milling tool by the traverse screw of slide-rest to the
required depth, and then swung through an angle at
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the radius R sufficient to clear the milling tool, a
groove will be cut, as shown in fig. 60.

“Those not possessing a slide-rest may accomplish
this by allowing an amount of play between the
collar and the bush (fig. 58) equal to the length of
blade, and a small amount for clearance between
point of milling tool and ring, and feed up by hand.

LIE

D
—'T\%; ‘;/ |
<Gt = Pasking disc sc
: ] |
5 \( : i
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S S—Clam
(3 t e \ \ P
T b Blade ring
Fig. 60.—End View. Fig. 61,—Packing Dise.

“The next operation is to slacken clamping screw
(fig. 60), and turn the ring round on the packing
disc (fig. 61) to where the next groove has to be
cut, leaving a space in between which is the blade.
It will be seen that with the ring mounted on
the vertical centre of the lathe, the pitch of the
blades equals the diameter of the cutter plus the
thickness of the blade at the centre of the blade
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Fig. 63.—Another Form of Blade.

Fig. 62.—Expanded Plan of Blades.

MODEL STEAM TURBINES.

curvature, which in
this case is the verti-
cal centre of lathe.
The greatest width
of blade (or thick-
ness of ring) is fixed
by the diameter of
milling tool and
radius R.

“Fig. 63 showsan
expanded plan of
ring, with the centre
of curvature of
blade slightly off
the vertical centre
of lathe; this is, in
effect, the same as
if the blades were
formed as in fig. 58
and then a small
amount turned off
the one side of ring,

““Fig. 62 shows a
blade of somewhat
more diffieult con-
struction ; here the
pitch of the blade is
not determined by
the diameter of
cutter and the
thickness of blade.
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¢“ Taking R?* (fig. 62) it will be noticed that the posi-
tions X and X’ of the milling tool limit the greatest
angle at which the ring may be swung through; for,
if continued, the milling tool would be cut into the
back of the next blade.

““To form the back of the same blade it is necessary
to turn the ring round on the packing disc through
the distance C, and with a new radius (R?) swing
the ring through an angle sufficient to cut to the
side of ring.

‘It is advisable to cut all the fronts of the blades
first with radius R?, turning the ring round through
the distance P (which is the pitch) for every blade,
then to set the sliding sleeve (fig. 58) to the radius
R? and cut the backs of the blades. The pitch in
this case is equal to the diameter of milling tool+
distance C+ thickness of blade. To obtain a blade
parallel through its length, it is necessary to taper
milling tool as shown in fig. 58.”

The writer who makes the above suggestions
further adds that a Pursons turbine might be con-
structed by cutting so many rings and putting them
on a spindle. The guide vanes which fit into the
turbine casing would be made by cutting rings into
halves and forming the blades on the ¢nside curva-
ture of the halved rings.

Whatever method for making the blades be
adopted, the edges should be filed quite sharp, except
at the roots where the blades enter the boss or wheel
dise. Otherwise the steam will meet the flat edge
of the vane and rebound (see fig. 64).
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With regard to shrouding, it is an open question
as to whether this is necessary in a model turbine.

Mr Naylor’s wheel is not so provided, and a small
turbine that the writer has experimented with was
also unshrouded. The function of the shrouding is
to prevent the steam being thrown out of the wheel
radially by centrifugal action, but in addition it.pre-
vents the steam jet expanding laterally during its
passage through the wheel. A piece of tubing of an
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Fig. 64,—Diagram showing best form of Blade,

internal diameter equal to that of the wheel may be
used as in fig. 26, but if shrouding is decided on, it is
better to use very thin sheet brass. The ring may
be made by taking a circular disc of brass and
turning a piece of hard wood the diameter of the
wheel and of thickness equal to the width of the
shrouding. The brass disc should be larger than the
wood, and being placed on this with the centres
coinciding, the projecting metal edge should be
gently and carefully hammered down or spun so as
to present the appearance of a canister lid or boiler
end. From the centre of the disc a circle should be
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struck of such radius that it approaches the flange,
and this circle cut out. The ring will then appear
as at A, fig. 65, which is a section on the centre line.
This ring can now be slipped over the vanes, the
wheel mounted in the lathe, and the other edge spun
over as at B. The advantage of this method is that
the shrouding is much lighter than it would be if

A B

.

Fig. 65.—Method of making Shrouding.

made from tubing; and further, it does not limit the
diameter of the wheel to any particular size to suit
the tubing, The vanes will require supporting during
the operation, and if they are mechanically attached
to the wheel, white metal may be run in between
them temporarily. If they are soldered in, plaster-
of-Paris should be used. The shrouding should be
sweated to the vanes to prevent its rotation relative
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to the wheel, but all excess of solder should be care-
fully removed.

The wheel should be spun between centres and
adjusted so that it is in balance everywhere, and any
corrections which can be made by filing the discharge
sides of the vanes should be done at the extreme
diameter.

When applying a steam turbine to boat propulsion,

it has to be remembered that the torque they give
out is small, and it is therefore advisable to employ
a “buffer” between the turbine and the propeller
shaft. A suitable device is shown in fig. 66. *

A is the propeller shaft and B a coiled spring
fitting it exactly, and fixed at its ends in the flanges
CC. The tail shaft is free to move in the circular
hole D in the turbine shaft, the two pieces being
flexibly coupled together by the spring. When the
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propeller revolves clear of the water the position is
as shown; when it enters the water, the resistance
causes it to move forward, compressing the spring
and gradually transmitting the load to the turbine
without shock. For a five-feet boat with fine lines
a steel spring 4 in. of 4 in. diameter wire with
the pitch of the coils 4% inch apart and with a play
of % in. is recommended.



CHAPTER V.
THE THEORY OF MULTIPLE STAGE TURBINES.

IN the second chapter it has been shown that for
maximum efficiency the peripheral speed —of the
turbine wheel must be equal to half that of the
parallel component of the steam jet velocity. Asa
result of this, either the revolutions of the driving
shaft have to be high, or gearing must be adopted.
The use of gearing in practical work would seem to
limit the size of the impulse or action turbine, which
is the class to which the De Laval machine belongs;
but its only objection, from a model-maker’s stand-
point, is the difficulty or the extra cost of its con-
struction.  Gearing is obviated in practice by
‘staging’ the work done by the steam. This will
be made clear by reference to fig. 67. Here the
‘indicator diagram’ is divided into several strips,
the area of each of which represents a fraction of the
total work of the steum. If a De Laval turbine were
supplied with steam at an initial pressure p,, and
the exhaust pipe had a throttle valve so adjusted
that the fall of pressure during the passage of steam
through the turbine was from p, to p, only, it is
76
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evident that the velocity of the steam jet could be
made as low as we please, since this is proportional
to the square root of the work done by the steam in
expanding between the two pressures. In this way
a single wheel turbine could be made to run at a low
rate of speed without gearing; but it is evident from
inspection of fig. 67 that this would be an inefficient

< ]T
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Fig. 67. —Dmvram illustrating Work done by *‘Staging ”
in Steam Tmbmes

arrangement, as the remaining available energy in
the steam simply passes uselessly to the exhaust.
If a second turbine were provided in which the steam
was expanded from p, to p,, doing work on the second
wheel, a further fraction of the energy of the steam
would be utilised, and by adding still more wheels.
in series with one another and mounted on a common
shaft, we get the multicellular turbine of Rateau.
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An alternative method of securing a low rate of
revolution is to expand the steam completely in a
nozzle, and then pass it through a series of alternate
guide and running wheels. This is known as
‘velocity’ staging, and is the method adopted in
the well-known Curtis turbine. Each wheel abstracts
a fraction of the velocity energy of the jet, and can
thus rotate at a speed considerably below that of the
jet. The third and better known multiple turbine
is that due to the energy and perseverance of the
Hon. C. A. Parsons. This turbine consists of alter-
nate rings of guide and wheel vanes. Steam is
admitted all round the first guide ring, and expands
to an-extent depending on the inlet and exit areas.
The total area for the passage of steam at any given
ring, either of guide or wheel vanes, is: area of circle
bounding the tips —area of circle bounding the roots.
This assumes that the vanes are infinitely thin, which
is, of course, not the case, and the number of vanes x
thickness of each has to be deducted. The steam
leaves the first set of guides at a certain velocity and
enters the first wheel. Here it gives up its velocity
energy by doing work on the turbine shaft, but at
the same time it expands further, thus generating
kinetic energy for utilisation in the next stage.
By choosing a suitable number of stages the steam
velocities are kept low, and the turbine runs
efficiently at a rate of revolution such that gearing
is not required (a Parsons turbine is stated to have
been run satisfactorily at the same number of
revolutions as a high-speed engine, 7.e. about 450).
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There are other types of multi-stage turbine on
the market, but the three above described hold
the lead so far, and it now remains to be seen
whether the construction of one or the other in
model sizes is practicable.

The simplest to both design and make appears
to be the Rateau type. There are no fine clearances
required, and each stage necessitates only one set of
vanes—an important consideration.

The points requiring investigation are: (1) The
best diameter of wheel; (2) the most suitable steam
pressure ; (3) the number of stages to adopt; (4) the
number of revolutions, The latter cannot well be
under 2000 per minute without either using wheels
of too large a diameter for model boat work, or
having a large number of stages, which for models
is impracticable.

Table V. gives the peripheral speeds at 2000 and
3000 revolutions per minute respectively, of wheels
of from 2 in. to 5 in. diameter.

TaBLE V.
Diameter of Peripheral Speed
‘Wheel. (feet per second).
: 2000 revs. 3000 revs.
‘2 in. 1944 26°16
3, 29°16 3924
4, 3849 5232

2 48-6 65 4

LR

In Table VI. the steam velocities for varying ratios
of expansion are given. For instance, the figure 165
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means that the steam is expanded to ;15 of its initial
pressure (absolute pressures considered).

TaBLE VI
Ratio of Velocity
Expansion. (feet per second).
1-65 1370
15 1230
125 910
15K 220
1-05 134
1-02 86
1-01 61

The above values are those obtained by theoretical
calculation, and must not be considered as rigidly
correct. Steam expands in a nozzle according to
the law PV* = constant, and some uncertainty
attaches to the value of K, which alters with the
steam pressure and with the initial dryness of the
steam. They are, however, near enough for the
purpose in view.

Assuming a steam pressure of 60 1bs. (75 absolute)
expanding to the atmosphere, the number of expan-

: 3 75
sions will be 1—5—5..

Referring to Tables V. and VI. we must rule out
all but the last three ratios of expansion, as the
velocities are too high. Further, the diameter of
the wheels should not—for boat work, at all events
—go beyond 4 in.

Taking a 4-in. wheel and an expansion ratio of
1-01, let us see what number of stages will be re-
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quired for a rate of revolution of 2000 per minute.
Calling = the number of stages, it is evident that »
(the ratio of expansion) multiplied by itself = times
e E L] B s: to « factors)=7* will give the
number of times the steam has expanded. Suppos-
ing, for instance, that the number of stages z is
three, » being 101 ; then, =101x101x101=
1-03, or the steam has increased its volume by 34
only, whereas it is required to expand five times to
bring it to atmospheric pressure. The number of
stages required to attain this expansion will there-
fore be given by the equation :
7° or 1:01*=5.
The simplest way to solve this will be to take
logarithms of both sides thus :—

z % log r=log 5.

J ) .
.o Gl T Rl 7 W
or 163 stages, an impossible number. =

The construction of a multiple turbine of model
proportions is thus out of the question, and, as in
the case of the model locomotive, a compromise has
to be effected.

One difficulty with very small turbines is the
enormous speed of the rotor. This means that the
least inaccuracy in balance or in the construction
and alignment of the bearings will cause considerable
loss of power; and it therefore seems desirable to
adopt some means for enabling the rotor to be run

at reasonable efficiency while its peripheral speed is
23—6



82 MODEL STEAM TURBINES.

considerably below that fixed on for theoretical
reasons. One way of doing this is to fully expand
the steam in a nozzle and then send it through the
wheel several times before it reaches the exhaust.
The photo, fig. 68, illustrates a turbine constructed
by the Rev. Bredin Naylor in which this principle is
carried into effect. © The vanes are mounted on the

Tig. 68.

side of the rotor disc, and passages are formed in the
covers so that the steam passes through the dise
nine times. The effect of this is that the disec may
run with equal efficiency at one-ninth its theoretical
speed. Thus, with a comparatively ‘small ratio of
reduction, the propeller shaft revolutions may be
kept down'to reasonable limits. Mr Naylor has
tested this turbine under actual working conditions,
coupling it up to a propeller completely immersed
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in water contained in a tank. With steam at 30-35
Ibs. per square inch, a steam nozzle of 0-032 inches
diameter, and a 2-inch propeller, a speed of 600 to
700 revolutions per minute was attained.

After some considerable thought on the matter,
the writer has come to the conclusion that the
problem of the model marine steam turbine will only
be solved in an efficient’ manner by the use of two or
three turbines of the type just described, put in
series with one another, thus combining velocity and
pressure staging. As it would not be practicable to
drive the feed-pump from these high-speed turbines,
the following arrangement might be adopted. The
turbines should be arranged to exhaust at a pressure
of 60 lbs. per square inch into the feed-pump, so that
the fall of pressure in the turbines would only be
the difference between the boiler pressure and 60 lbs.
To fix our ideas, let us suppose that the boiler
pressure is 90 lbs., and that three turbines, of the
class just considered, are arranged in series with one-
another, and exhaust into the feed-pump at 60 lbs.
The fall of pressure from the boiler to the last
turbine exhaust pipe is 99 — 60 =30, or 10 1bs. fall in
each turbine. The steam velocities will therefore
be considerably reduced, and for the case considered
are about 220 feet per second. For a single-inlet
turbine the peripheral speed for maximum efficiency
would have to be 110 feet per second, which, with a
wheel of 3 inches mean diameter, works out at 8500
revolutions per minute. Sending the steam through
the wheel four times, would bring the theoretical
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speed down to 2100 revolutions without the necessity
for gearing of any kind. The piping from boiler to
turbines and pump is indicated diagrammatically in
fig. 69. A is a two-way cock which in one position

Exhoust
A B > S
t
Boker Turbine or <)
Turbines

Fig. 69,

admits steam from the boiler to the turbines. In
the other position the boiler steam passes into the
feed-pump direct. = When this takes place, it is
necessary to make some provision for preventing the
steam going backwards through the turbines, and a

Fig. 70.

non-return valve B—a simple ball check valve—is
fitted on the turbine exhaust. In the ordinary way,
steam reaches the feed-pump after doing work in
the turbines, as explained.

Fig. 70 shows the arrangement of the three
turbines. No. 1 is coupled direct to the propeller
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shaft through a coiled spring 8. Nos. 2 and 3 are
placed longitudinally in the boat, and drive on to the
propeller shaft by means of pulleys and a coiled
spring belt. The steam distribution from the boiler
is clearly shown in the sketch. The turbine arrange-
ment sketched out here gives promise of success, and
does not require a -great deal of work. All pipes
should be well lagged, the steam should be super-
heated, and independent drain-cocks fitted to the
turbine casings. A small reservoir might be formed
in the bottom of each turbine case, so that the con-
densed steam which accumulates on a run does not
waterlog the turbine wheels.
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author of ‘¢Induction Coils and Coil Making.” A most instructive
little book, full of practical and interesting experiments, fully ex-
plained in plain lJanguage with numerous hints and suggestions for
evening entertainments. Arranged under the following headings:
Introduction; The Handling of Ruhmkorff Coil; Experiments with
Sparks; Effects in the Vacuum; Induction and Wireless Telegraphy.
With 36 original illustrations.

SMALL ACCUMULATORS. How made and used, by P. Mar-
sHALL, Giving full descriptions how to make all the parts, assemble
them, charge the cells and run them, with examples of their practi-
cal application. Useful receipts and memoranda and a glossary of
technical terms. 8o pages, 4o illustrations, paper.

ELECTRIC GAS LIGHTING. How to install Electric gas ignit-
ing apparatus including the jump spark and multiple systems for all
purposes. Also the care and selection of suitable batteries, wiring
and repairs, by H. S. Norrie, 101 pages, 57 illustrations, paper.




lo. 1. Price, 25 cts.
THEB

TUDY OF ELEGTRIGITY
FOR BEGINNERS.

omprising the Elements of Electricity and Magnetism as Applied
to Dynamos, Motors, Wiring, and to all Branches
of Electrical Work

BY

NORMAN H. SCHNEIDER.

With Fifty=four Original Illustrations and Six Tables.
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25c. BOOKS.

WIRELESS TELEPHONE CONSTRUCTION. By NewrtoN
HARRISON. A comprehensive explanation of the making of a
Wireless Telephone Equipment. Both the transmitting and re-
ceiving stations fully explained with details of construction suffi-
cient to give an intelligent reader a good start in building a Wireless
Telephone system and in operating it. 74 pages and 43 illustrations

THE WIMSHURST MACHINE. HOW TO MAKE AND USE IT.
A practical handbook on the construction and working of Wimshurst

machines, including radiography and wireless telegraphy and other .

static electrical apparatus. By A. W. MarsHaLL. Second edition,
revised and enlarged. Containing a number of sectional drawings
and details to scale. 112 pages, fully illustrated.

SMALL ELECTRICAL MEASURING INSTRUMENTS. How to
Make and Use Them. By PercivaL MarsmarL. Contents of
Chapters:—1. Instruments for testing the presecne of an electric
current, detectors, galvanometers. 2. Instruments for measuring
the pressure or quantity of an electric current, amperemeters;
voltmeters. 3. Instruments for measuring electrical resistance,
wheatstone bridge. 4. Instruments for measuring static elec-
tricity. 5. Practical details for construction. 6. The principles
upon which electrical measuring instruments work. 7. How to use
electrical measuring instruments. 8. How to choose electrical
measuring instruments. 90 pages, 59 illustrations.

PRACTICAL ELECTRICS. A universal handy book on everyday
electrical matters, including connections, alarms, batteries, bells,
carbons, induction and resistance coils, dynamos, measuring, micro-
phones, motors, telephones, phonographs, photophones, etc. 135
pages, 126 illustrations.

INVENTIONS. How to Protect, Sell and Buy Them. B
FrepeEric B. WRIGHT. Counsellor in Patent Causes. This boo
is especially written for the use of Inventors, instructing them how
to place their inventions before an Attorney clearly; the rights given
them under the Law, Patent specifications, Legal forms, and the
many points necessary for an Inventor to know to protect himself
under the American Laws. The most practical and clearly written
American book on this subject, especially intended for the un-
initiated. 114 pages, and 1 sample pattern drawing.

UNIVERSAL TIME CARD MODEL. By setting to the desired
hour at any one place the movable model will show at a glance the
actual time of all the other places in the world. Printed on stiff
card in two colors, size 7 in. by 9 in.

™




No. 4., Price, 25 cts.

HOW TO INSTALL

FELECTRIC BELLS,
ANNUNGCIATORS,
AND ALARMS.

INCLUDING

atteries, Wires and Wiring, Circuits, Pushes, Bells, Burglar
Alarms, High and Low Water Alarms, Fire Alarms,
Thermostats, Annunciators, and the Location
and Remedying of Troubles.

By NORMAN H. SCHNEIDER.
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25¢. BOOKS.

SMALL DYNAMOS AND MOTORS. How to make and use
them. A practical handbook, by F. E. PoweLL. Contents of
Chapters:—1. General Considerations. 2. Field Magnets. 3.
Armatures. 4. Commutators and Other Details. 5. Tables of
Windings. 6. How to Build a Small Machine. 7. Useful Data.
g. Testing and Repairing. 76 pages, fully illustrated with detail
rawings.

SMALL ELECTRIC MOTORS. How to make and use them.
By F. E. PoweLL. Contents of Chapters:—1. Some points in the
design of electric motors. 2. Examples of small motors to be
worked by battery power. 3. A Model four-pole electro motor.
4. Motors for use on electric lighting circuits. 5. Applications of
small motors and the power required for certain work. 6. Start-
ing and speed controlling switches; fuses. 7. Reversing switches
for Model motor; gearing, with tables of windings. 75 pages,
48 illustrations.

ELECTRIC BELLS AND ALARMS. A practical handbook on
their construction, installation and repair. By F. E. PowsLL.
77 pages, 51 illustrations. ;

ELECTRIC BATTERIES. How to make and use them. Prac-
tically describing the common forms of primary batteries. By
PerCIVAL MARSHALL. 63 pages, 34 illustrations.

TELEPHONES AND MICROPHONES. A practical handbook
on their construction and use. By PEercivAL MarsHALL. In-
cluding testing, faults and their remedies. 80 pages, 33 illustrations.

SIMPLE ELECTRICAL WORKING MODELS. By PErRCIvAL
MaRrsHALL. Showing the construction of electrical toys and
novelties, easily constructed with a few tools from simple materials.
69 pages, 43 illustrations.

X-RAYS SIMPLY EXPLAINED. A handbook on the theory
and practice of Radio-telegraphy. By R. P. HOWGRAVE-GRAHAM,
A most instructive and interesting work. 93 pages, profusely
illustrated.

ELECTRIC LIGHTING FOR AMATEURS. A Practical Guide to
the installation of light on a small scale, describing the construc-
tion of lamps, lamp-holders, switches, batteries, etc., etc. By
PERCIVAL MARSHALL. 80 pages, 45 illustrations.

ELECTRICAL APPARATUS SIMPLY EXPLAINED. A first-rate
little book describing the principles and working of some of the
electrical appliances in general use. 80 pages, 35 illustrations.

SIMPLE SCIENTIFIC EXPERIMENTS. How to perform en-
tertaining and instructive experiments with simple home-made
apparatus with 59 illustrations.




No. 5. Price, 25 cts.

MODERN
PRIMARY BATTERIES.

THEIR GONSTRUGTION,
USE AND MAINTENANGE.

{Including Batteries for Telephones, Telegraphs, Motors, Electric
Lights, Induction Coils, and for all
Experimental Work.

BY

NORMAN H. SCHNEIDER.




25¢. BOOKS. 1

THE BEGINNERS GUIDE TO THE LATHE. An elementary
instruction book on turning in wood and metal. By PErcivalL
MaRrsHALL. Specially written in plain language for the beginner
and as an elementary text-book for manual training schools. Con-
tents of Chapters:—1. The lathe and its parts. 2. Method of
holding and driving work. 3. Turning in wood. 4. Turning in
metal. 5. The Slide-Rest. 6. Drilling and boring in the lathe.
76 pages, 75 illustrations.

MECHANICAL DRAWING SIMPLY EXPLAINED. By F. E.
Powerr. The threefold object of this book is to show how draw-
ings are made, how to read other peoples’ drawings, and how to
make practical working drawings. Contents of Chapters:—I.
Introduction. 2. The use and care of drawing instruments. 3.
On ‘‘ reading *’ and setting out drawings. 4. Inking-in and finish-
ing drawings. 5. On drawing for reproduction. 78 pages, 44
illustrations.

MODEL STEAMER BUILDING. By PercivaL MaARsHALL, A
ractical handbook on the design and construction of model steamer
Eulls, deck-fittings, and other details, including a model torpedo
boat destroyer, and a side-wheel passenger steamer. With laying-
off tables. 64 pages, 39 illustrations.

MACHINERY FOR MODEL STEAMERS. By PercivaL Mar-
sHALL, A practical handbook on the design and construction of
engines and boilers for model steamers, single and double cylinder
engines, side wheel engines. The use of liquid, fuel, and the pro-
portions of machinery for model boats. 64 pages, 44 illustrations.

METAL WORKING TOOLS AND THEIR USES. A Handbook
for Young Engineers and Apprentices. Shows how to use simple
tools required in metal working and model making. By PercivarL
MaRrsHALL. 73 pages, 86 illustrations.

SIMPLE MECHANICAL WORKING MODELS. How to make
and use them. By PercivaL MArsHALL. How to make the
following: Water and wind motors; hot-air engines; steam en-
gine and pump; slide valve launch engine; model steam boats;
working locomotive in cardboard, model gravitation railway, etc.
64 pages, 34 illustrations.

MODEL STEAM ENGINES. How to Understand Them and How
to Run Them. By H.GreenrLy. Includingexamples of stationary
locomotive, portable and marine engines. With different kinds
of boilers and methods of getting up steam, as well as engine de-
tails and valve mechanisms, etc. 87 pages and 55 illustrations.

MODEL RAILWAYS. A handbook on the choice of Model Loco-
motives and Railway Equipment, including designs for rail forma-
tions, and Model Railway Signaling, by W. J. BAsseTT-LOWKE.
72 pages, 76 illustrations.




Price, 25 cts

WIMSHURST MACHINE

HOW TO MAKE AND USE IT

A Practical Handbook on the Construction and Working of the
Wimshurst Machine and other Static Electrical Apparatus

FULLY ILLUSTRATED
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Price 2 5 Cents

Simple Experiments in

Static Electricity

A Series of Instructive and Entertaining FElectrical
Experiments for Students and Amateurs

BY
PERCIVAL G. BULL, M. A. Oxon.

FULLY ILLUSTRATED .




Price 25 cts.

INDUCTION COILS

HOW TO MAKE AND USE THEM
With

full particulars, tables of windings and illustrations showing the construction
of Coils giving sparks from one-half inch to twelve inches, including

COILS FOR AUTOMOBILES AND GAS ENGINES.

New edition thoroughly revised and enlarged by

KURT STOYE,

Instructor Baron de Hirsh Trade School, New York.




No. O. Price, 25 cts.

EXPERIMENTING WITH

INDUGTION GOILS.

Containing practical directions for operating Induction Coils and
Tesla Coils; also showing how to make the apparatus
needed for the numerous experiments described.

BY

H. S. NORRIE,

Author of ‘* Induction Coils and Coil Making.”

Fully Illvstrated with Original Drawings.




No. | 7. Price 2 5 Cent:
Making
Wireless Outfits

A CONCISE AND SIMPLE EXPLANATION ON THE
CONSTRUCTION AND USE OF
INEXPENSIVE WIkELESS EQUIPMENTS UP TO 100 MILE!

By
NEWTON HARRISON, E. E.

eatreny
VIBRA YOR
|I l—a

EARTH
CONNECTION




The .
MDDEL LIBRARY Price 2 85 Cents

No. 18.

Wireless
Telephone Construction

A Comprehensive Explanation of the Making of a
Wireless Telephone Equipment for Receiving and Sending

Stations with Details of Construction

BY
NEWTON HARRISON, E.E.

With 43 Original lllustrations

TRANSMITTING
AERIAL
RECEIVING
AERIAL

TRANSMITTING STATION D D RECEIVING STATION
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The

Model Engineer
Series.

PRICE 25 cT

Small
Electrical Measuring
Instruments

A Practical Handbook describing the making and using of
Galvanometers, Voltmelers, Amperemeters, Wheatstone Bridges
and other Instrumenits for detecting and measuring
Electrical Currents.

FULLY ILLUSTRATED




Price 25 Cents.

Alternating
Currents

SIMPLY EXPLAINED

An Elementary Handbook on Alternating Current Generators

Transformers and Motors

By A. W. MARSHALL
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How to Make a Model
Aeroplane that will Fly.

A set of five large scaled drawings giving plans for the construction of three
different kinds of Model Aeroplanes. By E. W. TwiniNG.

With book of instructions
showing how to build them
and fly them.

The construction is very
simple, materials required very
cheap and the pastime a
very fascinating one. We
will mail a set of the drawings
and the booklet postpaid to

any part of the world on receipt of 55¢c.

A Working Model in Cardboard

SIZE 9 INCHES BY 7 INCHES.

WHICH TELLS

The Time of Day

of any place in the Werld
At a Glance.

The example shows 9 a.m.
at San Francisco, noon at
Washington, 6 p.m. at Copen-
hagen, midnight at Calcutta,
and 3 a.m. the next day at
Hobarttown, New Zealand.
Time E of the meridian of
s % 180 is ahead of W of 180.
. ¢ Price, 25c. Postpaid.

SPON & CHAMBERLAIN,
123 Liberty Street, 3 New York.



25¢. BOOKS.

WOODWORK JOINTS. How to make and where to use them.
A new revised and enlarged edition. Contents of Chapters: 1.
Mortise and tenon joints. 2. Lap joints. 3. Dove-tail joints. 4.
“ Glue” joints. 5. Scarfing joints and joints for lengthening
timbers. 6. Circular work, showing how to make joined woodwork
frames in the form of ovals and circles. The work describes clearly
the construction of the principle joints used in carpentry and
joinery, and shows not only how to set them out, but indicates for
what purpose they are best suited. 101 pages, 178 illustrations.

THE LOCOMOTIVE, simply explained. By CHas. S. LARE.
A first introduction to the study of the locomotive engine, their
designs, construction and erection, with a short catechism in the
form of questions and answers. 72 pages, 26 illustrations.

STANDARD SCREW THREADS AND TWIST DRILLS. A
Guide to. By GeEorGE GENTRY. The tables given are for small
sizes of the following makers:—Whitworth Standard; British
association standard; bicycle screw threads; cycle standard; V
Standard and U. S. Standard forms; International standard thread,
metric system; ‘“ Progress '’ metric system of screws for watches;
77 pages, 6 illustrations.

ACETYLENE GAS. How to make and useit. By C. N. TURNER.
A practical handbook on the uses of Acetylene Gas, suitable ap-
paratus for its generation, hints and fitting up, etc. 61 pages, 33
illustrations.

SIMPLE CHEMICAL EXPERIMENTS. A series of instructive
experiments in inorganic chemistry. By T. T. Baker. Contents
of Chapters:—1. How to fit up and equiE a small chemical labora-
torg. 2. How to fit up apparatus. 3. Elements and compounds.
4. Preparation of Chlorine. Ammonia, hydrochloric acid, etc. 5.
Combustion. 6. How to make oxygen; hydrogen; ozone; etc. 7.
Preparation of metallic salts. 8. Sulphur. 9. The atmosphere.
10. Making Chemicals. 72 pages, 19 illustrations.

THE MODEL VAUDEVILLE THEATRE. By NormanNn H.
ScHNEIDER. Describing the construction of a small theatre and the
making of numerous devices to be used with it. With suggestions
for various novelties for an evenings’ entertainment, including
chapters on shadowgraphs, the use of a polyopticon, lighting effects,
wave effects, storms, etc. etc. One of these small theatres can be
made very easily and at small expense and will afford many hours
of amusement not only to the young but also to the grown-up,
as there is no limit to the scope of the entertainments that can be
produced thereon, fully illustrated.

SIMPLE SOLDERING BOTH HARD AND SOFT. Together with
a description of inexpensive home-made apparatus. By Ebpwarbp
THATCHER, Instructor of Manual Training, Teachers’ College, Col-
umbia University. (in the press). :



Price 285 Cents.
Electrical
Circuitsand Diagrams

PART II

Alternating Current Generators and Motors, Single Phase
and Polyphase Transformers, Alternating Current and
Direct Current Motor Starters and Reversers, Arc
Generators and Circuits, Switches, Wiring,

Storage Battery Meter Connections.

f BY
NORMAN H. SCHNEIDER.

@ RHEOSTAT

MAINS

EXCITER
b | swiTcH

INDUCTOR
EXCITER GENERATOR




25¢c. BOOKS.

THE SLIDE VALVE SIMPLY EXPLAINED. A practical treatise
for locomotive engineers by W. J. TENNANT, revised and enlarged
by J. H. KineaLv. Contents of Chapters:—Introduction. 1.
The simple slide. 2. The eccentric, a crank. Special model to
give quantitative results. 3. Advance of the eccentric. 4. Dead
center. Order of cranks. Cushioning and lead. 5. Expansion—
lap and lead; advance, compression. 6. Double ported and piston
valves. 7. The effect of alterations to valve and eccentric. 8.
Notes on link motions. 9. Cut-offs, reversing gears, etc. 89 pages,
41 illustrations.

MANAGEMENT OF BOILERS. The Fireman’s Guide. A
Handbook on the Care of boilers. By K. P. DaHLsTROM. Espec-
ially written in plain English for the use of beginners and firemen.
Contents of Chapters:—Introduction. 1. Firing and Economy
of fuel. 2. Feed and Water-line. 3. Low water and foaming or
priming. 4. Steam-pressure. 5. Cleaning and Blowing out. 6.
General directions. Summary of rules.

DIAGRAM OF CORLISS ENGINE. A large engraving giving
a Longitudinal section of the Corliss Engine Cylinder, showing
relative positions of the Piston, Steam Valves, Exhaust Valves
and Wrist Plates when cut-off takes place at } stroke for each 15
degrees of the circle. With full particulars. Reach-rods and Rock
shafts. The Circle explained. rist-plates and Eccentrics. Ex-
planation of Figures, etc. Printed on heavy ledger paper, size
of sheet 13 in. x 19 in.

STEAM TURBINES. How to design and build them. By
H. H. HArRRISON. A practical handbook for model makers. Con-
tents of Chapters. 1. General Consideration. 2. Pressure De-
veloped by an Impinging Jet; Velocity and Flow of Steam Through
Orifices. 3. Method of Designing a Steam Turbine. 4. Com-
lete Designs for Delaval Steam Turbines; Method of Making
g’anes; Shrouding. 5. The Theory of Multiple Stage Turbines.
With detail drawings and tables. 85 pages, 74 illustrations.

MODEL BOILER MAKING. A practical handbook on the de-
signing, Making and Testing of small Steam Boilers. By E. L.
Pearce. Contents of Chapters:—1. General principles of boiler
design, materials, shape, proportions, strength, capacity, heating
surface. 2. Stationery boilers. 3. Launch boilers. 4. Locomo-
tive boilers. 5. Setting out plates, spacing tubes, etc. 6. Boiler
fittings. 7. Fuel, lamps, fire-grates. 86 pages, 35 illustrations.

GAS AND OIL ENGINES SIMPLY EXPLAINED. A practical
handbook for Engine attendants. By W. C. RunciMaN. Contents
of Chapters:—Preface. 1. Introductory. 2. The component parts
of an engine. 3. How a gas engine works. 4. Ignition devices.
5. Magneto ignition. 6. Governing. 7. Cams and valve settings.
8. Oil Engines. 88 pages, 51 illustrations.



No. O Price 25 Ct:

MODEL

STEAM ENGINE
DESIGN

A HANDBOOK FOR THE DESIGNER OF SMALL
STEAM ENGINES,

By R. M. DE VIGNIER.

Including original tables
and calculations for
speed, power, proportions
of pumps, compound
engines and valve

diagrams.




EDUCATIONAL WOODWORK. By A. C. HorTH. A complete
manual for teachers and organizers of woodworking classes. Con-
tents: 1. First Year Course. 2. Second Year Course. 3. Third
Year Course. 4. Fittings and Furniture. 5. Discipline. 6. Organ-
ization and Method. 7. The Instruction of the Physically and
Mentally Deficient and Blind. 8. Object Lessons. Fully illus-
trated with photographs, drawings and facsimile blackboard les-
sons. 1569 pages, 12mo., cloth. $1.00.}

THE BEGINNER’S GUIDE TO CARPENTRY. A practical hand-
book for Amateurs and Apprentices. By HeNry Jarvis. Con-
tents of Chapters: 1. Indispensable Tools. 2. How to Use the Saw.
3. How to Use the Plane. 4. How to Use Chisels and Gouges.
5. How to Use the Spokeshave, Axe, Pincers, Compasses, Gimlets,
Brad-awls, Hammer, etc. 6. Making the Bench. 7. Timber:
How Sold, etc. 8. Additional Tools and How to Use Them. 9.
Sharpening Tools. 10. Home-made Tools and Appliances. 11.
Facing up and Setting out Work. 12. On Setting out and Putting
Together Work Joining at Other than Right Angles. 13. Glue:
How to Purchase, Prepare, and Use. 14. How to Make Joints:
Use of the Plough, etc. 15. Ornamenting Work, Curved Work,
Scribing, etc. 128 pages, 99 illustrations, 12mo., boards. 60c.*

MODEL SAILING YACHTS. How to Build, Rig. and Sail Them.
A practical handbook for Model Yachtsmen. Edited by PERCIVAL
MarsHALL. Contents of Chapters: 1. Introductory: Types of
Yachts and Rigs: How to Choose a Model Yacht. 2. The Rating
of Model Yachts. 3. The Construction of ‘ Dug-Out ” Yachts.
4. The Construction of ‘‘ Built-Up ”” Yachts. 5. Sails and Sail
Making. 6. Spars and Fittings. 7. Rudders and Steering Gears.
8. Notes on Sailing. 144 pages, 107 illustrations, 12mo., boards.
50c.*

WOODWORK JOINTS. How to make and where to use them;
including mortise and tenon joints, lap joints, dovetail wints,
glue joints and scarfing joints. With a chapter on Circular Wood-
work, revised and enlarged edition. A practical guide for wood-

workers. 101 pages, 178 illustrations. 25c.

THE BEGINNER’S GUIDE TO FRETWORK. Containing full
instructions on the Use of Tools and Materials; and six full size
fretwork designs. With 39 pages and 26 illustrations. 25c.

VENEERING, MARQUETRY AND INLAY. A practical instruc-
tion book in the art of Decorating Woodwork by these Methods.
By P. A. WeLLs. 79 pages, 37 illustrations. 25c.

SOFT WOODS AND COLONIAL TIMBERS. The selection and
uses of soft woods and colonial timbers.  The cultivation, cutting
and seasoning. By P. A, WELLs. 57 pages, 15 illustrations, 26c.

HARD WOODS, ENGLISH AND FOREIGN. A practical de-

“seription of hard and fan():‘;r woods used by the carpenter and
cabinet maker. By P. A. WELLs. 79 pages, 19 illustrations. 26c.



Price, 25cts.

Woodwork Joints

HOW TO MAKE AND WHERE TO USE THEM.
CONTAINING

Full instructions for making Mortise and Tenon, Lap, Dovetail,
Scarfing, and Glue Joints, with a Chapter on

Gircular Woodwork.

New Edition Enlarged, with 178 Illustrations.




A NEW AMERICAN BOOK ON INDUSTRIAL ALCOROL.

A PRACTICAL HANDBOOK ON THE

Distillation of Alcohol

FROM FARM PRODUCTS AND

DE-NATURING ALCOHOL.
By F. B. WRIGHT.

Including the Free Alcohol Law and its Amendment, the Govern-
ment regulations therefore and a number of U. S. government
authorized de-naturing formulas.

In the preparation of this, the second edition, the author has
followed his original plan of writing a plain practical handbook on
the manufacture of alcohol and de-naturing for industrial pur-
poses. This industry is bound to grow to enormous proportions
as it has in Germany where over 100,000,000 gallons were manu-
factured last year principally in small farm distilleries.  This work
is not intended as a scientific treatise but as a help to farmers
and others wishing to go into this industry on a moderate scale.

The original matter has been carefully revised. Some of the
chapters rewritten and a very considerable amount of new informa-
tion added. The total number of illustrations brought up to 60
including a number of plates giving the layout of distilleries.

Contents of Chapters.

1, Alcohol, 1ts various forms and sources. 2, The preparation
of mashes and Fermentation. 3, Simple Distilling Apparatus. 4,
Modern Distilling Apparatus. = 5, Rectification. 6, ﬁzlting. 7
Alcohol from Potatoes. 8, Alcohol from Grain, Corn, Wheat, Rice
and other Cereals. "9, Alcohol from Beets. 10, Alcohol from Molasses
and Sugar Cane. 11, Alcoholometry. 12, Distilling Plants. Their

neral arrangement and equipment. 13, De-natured Alcohol and

. S. Authorized De-naturing Formulae. 14, De-naturing Regu-
_ lations in the United States. Index.

281 pages, 60 illustrations and plates, 12mo., eloth, $1.00.3



Books for Steam Engineers.

DIGRAM OF CORLISS ENGINE. A large engraving giving
a longitudinal section of the Corliss engine cylinder, showing rela-
tive positions of the giston, steam valves, exhaust valves, and
wrist plates when cut-off takes place at 14 strokefor each 15 degrees
of the circle. With full particulars. Reach-rods and rock shafts.
The circle explained. Wrist-plates and eccentrics, Explanation of
figures. etc. Printed on heavy paper, size 13 in. x 19 in., 25¢.

THE CORLISS ENGINE and its Management. A Practical
Handbook for young engineers and firemen, (3rd edition) by J. T.
HenTHORN. A good little book, containing much useful and practi-
cal information. Iliustrated, cloth, $1.00.

THE FIREMAN’S GUIDE to the Care and Management of
Boilers, by KarL P. Danvstrom, M.E., covering the following sub-
jects: Firing and Economy of Fuel; Feed and Water Line: Low
Water and Priming: Steam Pressure: Cleaning and Blowing Out;
General Directions. A thoroughly practical book. Cloth, 50c.

A B C OF THE STEAM ENGINE. With a description of the
automatic shaft governor, with six large scale drawings. A prac-
tical handbook for firemen helpers and young engineers, giving a
set of detail drawings all numbered and lettered and with names
and particulars of all parts of an up-to-date American high speed
stationary steam engine. Also a large drawing and full descrip-
tion of the automatic shaft governor. With notes and practical
hints. This work will prove of great help to all young men who
wish to obtain their engineer’s license. Cloth, price 50c.

HOW TO RUN ENGINES AND BOILERS. By E. P. Warson,
(for many years a practical engineer, and a well-known writer in 7/e
Engineer.) A first-rate book for beginners, firemen and helpers.
Commencing from the beginning, showing how tothoroughlyoverhaul
a plant, foundations, lining up machinery, setting valves, vacuum
eccentrics, connection, bearings, fittings, cleaning boilers, water tubg
boilers, running a plant, and many useful rules, hints and other
practical information; many thousands already sold. 160 pages,
fully illustrated, cloth, $1.00.

AMMONIA REFRIGERATION. By L I. REpwoop. A practi-
cal work of reference for engineers and others employed in the man-
agement of ice and refrigerating machinery. A first-rate book, be-
ginning from the bottom and going carefully through the various
processes, stage by stage, with many tables and original illustrations.
Cloth, $1.00.

MEYER SLIDE VALVE. Position diagram of cylinder with
cutoff at 14, 14, 3¢ and 14 stroke of piston with movable valves, on
card 74in. x 514 in. Price, 25c.



EVERY MAN WHO WANTS TO BE A GOOD
ENGINEER WANTS THESE MODELS.

Two working cardboard models showing respectively the D Slide valve and the
Meyer Valve Gear. Size of each Model 6 in. by 9% in. printed in colors giving
relative positions of the eccentric, indicator diagrams, steam distribution tables,
angle described by crank and eccentric, admission, expansion, exhaust and com-
pression. 4

Two splendid models showing at a glance the operation of a steam Engine.
Two models and descriptive book complete sent postpaid on receipt of $2.00.

THE PERFECT WIRELESS TELEGRAPH OUTFIT.

Complete 1 to 5 mile sending and long distance Receiving Outfit. Transmitting
end consists of a one inch spark coil, price $6.50, especially designed for wireless
purposes giving a fat hot spark; six dry batteries, $1.50. Telegraph key W. U.
Standard Pattern $1.25. Zinc spark gap, 75c. One pint leyden jar, 75c. Double
pole two-throw aerial switch, porcelain base, 75c. Receiving end consists of Elec-
trolytic detector constructed with two cells, potentiometer, 3 batteries, and all
necessary binding posts and switch, mounted on substantial base. All metal
parts brightly finished, price $7.50. One high-class double pole aluminum watch
case receiver $1.00. Complete receiving and sending set in one order for $18.00 net.

This detector will receive up to 500 miles by using a pair of 1000 Ohm Receivers.

SPON & CHAMBERLAIN,
123 Liberty Street, NEW YORK.



HAND BOOK OF

CORLISS STEAM ENGINES.

Describing in a comprehensive manner the

Erection of Steam Engines,

THE

Adjustment of Corliss Valve Gear

AND THE

Care and Management of Corliss Steam FEngines,

By FRANK WILLIAM SHILLITTO, JR.
Hlustrated by 64 Original Engravings. 200 Pages.
Price, $1.00.

INJECTORS. THEIR CONSTRUCTION, CARE AND MANAGE-
MENT. By Freperick KEPPY. Second edition. The best and most
practical treatise on this subject as it is written by a practical
engineer for the instruction of engineers. 69 pages, 45 illustrations,
price 25c.

REFRIGERATION AND ICE-MAKING. By W. H. Wag=MaAN.
Fourth edition. Consisting of practical notes and information for
engineers. 43 pages, tables and illustrations, price 25c.

PUMP MANUAL FOR ENGINEERS. A practical little handbook
describing the various kinds of hand, steam, compound, rotary and
centrifugal pumps. With tables of efficiency and other useful
information for engineers. 78 pages, fully illustrated, price 25c.

COOLING TOWERS. By OswaALDp GueTH. Describing the various
forms of apparatus for cooling exhaust steam and illustrating a
number of large plants in operation. With tables and numerous
illustrations, 76 pages, price 25c.

MODEL STEAM ENGINE DESIGN. A handbook for the De-
signer of small Model Steam Engines, including original tables and
calculations for speed, power, pro&ortions of pumps, compound
engines, and valve diagrams. By RoBerT M. pE VieNIER. Con-
tents of Chapters: 1. Various Types. Speed of Model Engines.
2. Power Calculations. Materials. 3. Feed Pumﬁms. 4. Com-
pound Engines. 5. The Valve Diagram. 6. Engine Layout. Pat-
terns. 102 pages, 34 illustrations.




AN AMERICAN MODEL & H.P. STEAM ENGINE.

THE DE VIGNIER HIGH-SPEED STEAM ENGINE.
MADE OF THE FINEST MATERIAL.

We can supply complete sets of castings of this splendid little engine with all
rods, studs, nuts and parts including gun metal pump and six sheets of blue- pnnt
drawings to detail for $7.50 spot cash with order.

Full descriptive circular of this engine free.

SPON & CHAMBERLAIN, : 123 Liberty St., N. V.
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NEW 50 CENT BOOKS.

PRACTICAL INDUCTION COIL CONSTRUCTION. A handbook
of Constructive Details and Workshop Methods used in Building
and Repairing Modern Spark Coils. By Joun Pixe. Contents of
Chapters: 1. Batteries. 2. Specifications for Spark Coils. 3. The
Core. 4. Winding the Primary and Finishing the Core. 5. The
Condenser. 6. The Commutator. 7. Discharging Pillars and Rods.
8. Breaks. 9. The Secondary Winding. 10. Waxed Paper Sep-
arating Discs. 11. The Operation of Winding Double Sections.
12. Building up the Double Sections. 13. Finishing Off the Coil.
14, Some Specifications of Coils. 15. Radiographic Work. 16. The
Repair of Sectionally Wound Spark Coils. 17. Electrographic Work.
128 pages, 36 illustrations, 12mo., boards. b50c.*

PRACTICAL BOOKBINDING. A text-book intended for those
who take up the art of bookbinding, and designed to give sufficient
help to enable handy persons to bind their books and periodicals.
By W. B. PEarceE. Contents of Chapters: 1. Preliminary Opera-
tions. Sizes of Print Papers, Folding, Tools Required, etc. 2.
Cdllating, Preparing for Sewing, Pasting. 3. Ordinary Sewing,
Flexible Sewing on Raised Bands, Sewing on Tapes or Vellum.
4. Glueing up, Rounding, Backing. 5. Attaching the Boards. 6.
Cutting the Books. 7. Treatment of the Edges, Coloring, Marbling,
Gilding, etc. 8. Covering Books. 9 and 10. Finishing, including
Stamping and Tooling.  11. Miscellaneous. This is a first rate
little book written in plain language. 132 pages, 92 illustrations,
12mo., boards. b50c.*

MOTOR DRIVING FOR A LIVING. By A. E. S. Cralc. Second-
edition. Contents of Chapters.—1. Various Branches of the Voca-
tion. 2. The Qualifications of a Motor Driver. 3. The Question of
Clothing. 4. How to Become Proficient. 5. How to Obtain a Situa-

' tion. 6. How to Keep a Situation when Obtained. 7. Traps by the
Wayside. 8. Tribulations on the Road. 9. The Utility of Black and
White. 10. Advice on the Equipment of Tool Kits. 11. Accidents

% that will Happen. 12. What Materials are in a Motor Car. 13. The

| Eternal Feminine. 14. Why the Lawyers Wink. Appendix. 85

'\ pages, 12mo., boards. b0c.}

S LOCOMOTIVES OF 1907. By Cuas. S. Lakg, A. M. I. Mech. E. .
The present volume although complete in itself, is issued for the
purpose of continuing the excellent survey of locomotive practice
published several years ago under the title of *“ The World’s Loco-
motives.” Containing 44 pages, 27 illustrations of recent American
and foreign locomotives with descriptive text and leading par-
ticulars ~Oblong boards. 50¢.§
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