Het maken van een
MODEL
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De Engelse maten zijn gemakkelijk om te rekenen naar millimeters.

Een tabel is op de laatste pagina te vinden, daarmee kan men omrekenen.
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PREFACE

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

From a model point of view also, several advan-
tages may be claimed for it ; thus for model steamer
work 1ts light weight for a given output, and the fact
that the centre of gravity is low, are two conditions
which make 1t specially applicable for high-speed craft.

In this small book 1t 1s proposed to lay down the
principles on which model steam turbines may be
designed ; and some examples, erther built or pro-
jeoted, are given, being for the most part taken from
the columns of The Model Engincer,

H. H. HARRISON.

PREFACE TO THIRD EDITION

Tue 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 reador is earnestly recommended fo thoroughly
master Chapters L. and LL, as he will then have a very
fair knowledge of the theory underlying the design
and construction of steam furbines in general

H. H. HARRISON,



MODEL STEAM TURBINES

CHAPTER 1.
(GENERAL CONSIDERATIOKS.

STEAM turbines may be divided into two classes:
the dmpulse 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
H
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a body is the force of gravity acting on it; whilst
mass is the quantity of matter which the body

contains.

Fir, 2.—TTero’s
Reaction Engine,

Fig. 1.—Simple Impulse
Wheel,

Unit weight 15 the standard pound, and the unit
of mass 18 the quantity of matter in a body weighing

322 pounds.
Lorce, which 1s 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 1n any directlion whatever. Unit foree is
that force which, acting on a fres body of one pound
weight, generates in it a velecity of onre foot per
second. In our latitude, any body free fto f{all
gequires in doing so (neglecting the resistance of the
air) a velocity of 322 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 Ibs. and its imitial 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 attracfion of gravity would
generate a velocity, o8 we have seen, of 32-2 feet per
gecond after it 18 allowed to fall, and at the end of
the second time interval another 32'2 feet would be
added, and so on. The foree acting In this case
is of course 8 Ibs. These successive increases in
velocity are termed the acceleration of the body, and
the fioure 822, the acceleration due to the force of
gravity, 1s saymbolised by the letter g.

Now, suppose the body to be at rest but free fo
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 1ts 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 18 evident that the unknown forco, which we
will call I, i1s greater than 8 lbs. (the force of
gravily) as the acceleration 40 exceeds 32-2, 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 followy ;—

To find the force acting lo generate motion in a
body, multiply the weight of the body (in pounds)
by the acceleration produced (fcet per second), and
divide the product by the acceleration due to gravily
(622=g). Calling the weight W, and the accelora-
tion attained @, tho above can be represented sym-
bolically by |

e= =10 1lbs. nearly.

Wa
L 1)
p (
By definition, unit mass is that quantity of matter

contained in a body weighing 32-2 lbs.; therefore
the mass of 1 '71b. is zl.y; of 8 Ibs. z53, and of

:H1-

' a W
5575 consequently in (1)_9 represents

the mass of the body in question, and calling this
quantity M, (1) can be written

I' = Ma . - - . . . (2)
that is, Forée=DMass x Acceleration; pounds, feet
and seconds being understood.

W pounds
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It is necessary here fo distinguish carefully between
mere velocity or speed, and acceleration or increase
of velocity,

Supposing 4 body travels 1) feet in f{ive seconds,
its avervage velocity 1s evidently 139=20 feet per
second, or

vzg T )
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 veloecity
increaged 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 fcet per second. Since its initial
velocity was zero, ahd the velocity at the cnd of five
scconds 100, the average velocity is given by

0'1"21':"0 = b0 feet.

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

Final velocity at any instant x time
2
or §= 3ot . . : : (4)
from which 2s=vi . : : . {9)
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We have now to obtain a value for the accelera-
tion. This ig, by definition, the inerease of velocity
per second ; and, as the body has no initial velocity
and the velocity it attains in five scconds is 100

feet, the accelerstion is obviously %{2:20'; or

—*
a= ; ; : ; L . (6)

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

25 . = (vt
~
i = AL
i 7

we get finally
v2=2as . . . . . ; (7)

1f the body 1s moving under the action of gravity
instead of any other force, 2 is usually substituted
for s and g for a, and we get the well-known expres-
s10n

v=2gh . ; ; ; ; (8)
from which » = /2gh,
or v =802 S

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

We can use the result’in (8) to find the energy in
a moving mass, W lbs In weight and having a
velocity of v feet per second. If this weight is
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raised to a height % feet, the work done 1s evidently
wh ool pﬂunds and this amount is called the
potential or stored energy 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
50,

From equation (8) the height through which a
body has fallen is given in verms of its velpeity by

o2

f.trz-ﬂ . : . , . . (9)

and sinco the energy given ouf in falling is Wi foof
pounds,

Wo?

Whe=—— ., : : : 10

=5 (19)

The right-hand expression is known as the kinetic

energy of the body or energy of motion, and will be

found nseful in caleulafing the pressure set up by

a jet when impinging on the wheel vancs of a
turbine.

Momentum, or quantity of motion, 1s given by

W o

the expression Mass X Velocity =

If a body {ravel along a planc surface without
fricticn at a velocity », and 1s suddenly struck so
that its velocity is increased to v, the momentum
is increased.

The initial yomentumn =Y.
P
,, Tinal = ,

)
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and the increase or change of momentum

W
— E.("I;'E-—-‘E.?l) . . (]1)

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

I the force which we will call F acts for ¢
seconds, then

E't_——'.i Vo= ),
( 2 1)

| F=whule change of momentum (12)

or .
time

Where the initial velocity 1s zero, the whole
change of velocity is V feet per second, and (12)=

kit =§_IV, and if ¢, the time of application of the
force, 18 unity,
szv . . . \ \ . (13)

'g .



CHAPTER ITI

I'RESSURE DEVELOPED ON SURFACES BY AN IMPINGING

JET, VELOCITY AND FLOW OF STEAM THLOUGH
ORIVICES.

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

mass -ET travelling at velocity of v feet per second,
g .

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

In fig. 3 a piston 1s 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 whaole change of

velocity i1s V.  Ilence

B 5 ¢ 8 = @ B

g
where P is pressure in Ibs. per square inch, W weight

of fluid or gas discharged per second, and’ V the
original velocity of the jet.

13

.4
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If the flat surface in fig. 8 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 velocily of the jot. Calling this fraction

Fig. 3.
%" the vane velocity is the jet velocity divided by x;
fthus—

V (the jet velocity) x i=¥ (the vane velocity).

Fig. 4,

It is evident thut in this case the velocity of the
jet will not bo 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—E and the.
. - ! p T
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pressure P becomes

P j( _g) )

The work done per second 18, obviously, the pressure
in 1bs. on the vane multiplied by the distance in feet
through which the pressure is exerted; and the
distance 1n feet traversed by the vanes in a second

ig the velocity of these in feet per second, or g.
Therefore the work 1s equal to
P xg foot pounds.
inserting the value of P from (2);
the work in foot pn:nu:n:nt:lE:gir X (T Z) xg .+ . (3)

The efficiency is given by the ratio of the work

done on the vanes to the energy possessed by the jet.
Y o2,
and the

From Chapter I the jet energy is %

efficiency 1s therefore
Wa?

Equation (3)+—— %

(4)
For example :—
suppesing  the velocity of the jet 18 300 feet
per second, and the size of the nozzle 18 such that
2 lbs, of water or gas are discharged in one second,
Wo?  2x300x 300 -
the energy of the ']et——‘}?— T30 = 2735
oot pounds, and aasunung. that the vane velocity is
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one-third that of the jet, or 1 Y _ 300
L

==k s e
b= 100 feet

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

2 355 X (300 —100) x 100 =1240 foot pounds,

T YA

H
e

£Y)
)
-

Effrcrency
e
A

|

|

¢ 7 2 3 & 5
Vatues of x

S
Ne

Fig. 5.—Variations of Lfficiency 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 fluud diseharges, but varying the vane
velocities, the curve, fig. 5, i3 obfained, showing

18 by (4) and the preceding caleulations

=445 per cent.
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that the efliciency 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 jot moves on with the wheel, and the
energy which it still contains is not utilised. The

;’Fr&ﬂ‘:‘x
— V 7 hY
A o5 / Y B
J )T
‘v’
1'!

Fig. 6.—Action of Curved Blades,

firat 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 D, fig. 6, 1t 18 elcar that the energy
abstracted will be the maximum possible; and if
the wvane speed is, as before, half that of the jet,
the efficlency becomes 100 per cent. In practice,

however, owing to the necessify 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 o Pelton type of wheel is cmployed, as in
the Ratean single wheel turbine and that of Messrs
Riedler & Stumpf, this angle becomes 180° but
the steam nozzle has to be inclined, go that the

/8

/5

/2

rossrmz o Vares, /bs.
0

o ! 5]

f.:.?fx

Fig, 7.—VYariations of Pressure on Llades with Different Specds,

2 Lo 5
Values '

effective velocity of the jet is less than its absclute
volocity, 4.e. the veloeity with which it leaves the
nozzle, ¥ig. 7 shows the increase of pressurg on tho
vaues as the poripheral speed falls below half the jet
velocity.

From the foregoing it is clear that io design a
turbine to do a certain amount of work ail that is
required to be known is the weight discharged in
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unit time and the veloeity attained by the working
agent, whether 1t be a gas, as steam or compressed
air, or a fluid such as walter,

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

the at bne time obscure subject of the: velocity and
outflow of steam through nozzles, and much valuable
information 1s now available in the various teclinical
journals. - The following approximate method of treat-
ment will, however, bo sufficient for the purpess of
designing model steam turbines.

Let-T (fig. 8).be a tank in which the water is kept
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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 mozzle 18 such that one pound of
water per second is discharged; each pound of
water in falling from the tank to the nozzle does
1 x H foot pounds of work, this work is expended 1in
giving velocity to the jet as it leaves the nozzle.
Now the kinetic energy of the jet is, as has been

N

T _
NS> ——
/‘"":_______________
N
Fig. 9,
A a2 2
proved, Vo footf pounds, or since W=1, Y ig equal
7 2q

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

pia
1 x I or H (foot pounds)= % (oot pounds), and there-

fore »*=2¢ (H foot pounds), or the velocity acquired
v= /27 X the work done in falling through H feet (5)

In exactly tho zame way we may caleulate the
velocity of steam in falling from an initial pressure
p 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 veloeity
by the expansion of tho gases generated by explosion.
I, therefore, the work done on itself by steam in fall-
ing through a certain difference of pressure (the ‘11
of the hydraulic analogy) is calculated, the velocity
can be obfained as indieated by equation (5).

T
ﬁ;

//

E__ﬁ
vy

/m

Fig. 10,
For example:
The work done on itself b}r steam expanding from
50 1bs. absolute (gauge pressure 35 lbs)) to i lh.
absolute (a vacuum of 294" mercury) is 276,300 foot

pounds approximately, and (5) becordes
v= /24322 x 2706,300; |
or since the square roof of 2 X 32:2 is 8 nearly,
v=8 ,/276,300=4200 feet per second.

Thero are two methods of evaluating the work done
by steam in expanding from onc pressure to anothe
One is to construct an ‘indicator diagram’ for ¢
Ib. of steam, as in fig. 10; or, alternatively.
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calculate it. Both are tedious, and the latter iz both
tedious and dafficult to Lhnse not accustomed to such
calculations.

For model turbines it will not he possible, as a
rule, to apply a. condenser, and the expansion will
not therefore he 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.

TApLE L

Gangepressure,lbs, persq.in.,} 15} 20| 40| 5@ | 60| 80

Velocity of steam at throat .
of nozzle, . . . | 1430} 1450 | 1460 | 1470 | 14,5 | 1480

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

In fig. 11 a steam nozzie of the De Taval type ig
shown, and Dby reference to this it will be seen
that the nozzle consists of two parts, the inlet part
to the leit 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 imitial pressurc is raised. At 15 lbs.
pressure (30 lbs. ahsﬂlute) the ratio of expansion 18
30

T =2, and thﬂ ﬂﬂa.l VE]DElt-} when leaving the
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nozzle 1600 feet per second; whilst at 80 lbs. with

-
g ratio of expansion of {80;1“): 64, the velocity is

2720, or 1'7 times as great. Irem tho very eloso
agreement of the, throat velocifies we should expect
that up to the tnroat the ratio of expansion is
the same whatever the inifial 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 the initial pressure. This peculiarity

A

Fig, 11.—De Laval Nozzla,

(which will be useful for ealculating 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 direcily as the ratio of expansion. Thus af
20 Ibs. absolute the volume of a pound of sfeam is
1973 cubic feet, and at 10 lbs. absolute (ratio of
expansion 2) 3783 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 fo dischargo 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 fool pounds

W2 _ 1% 1000 x 1000
29 2% 322

I the ratio of expansion 1s twice that in the first
instance, the energy developed will be proportion-
ately increased, but the energy required to double
the veloeity 1s equal to

1%2000x% 2000
2x 3522

or more than twice times the amount actually avail-
able, consequently the steam cannot get away, and
accumulates unfil 1ts pressure {(and consequently its
volume) is such that the available energy suffices to
discharge the steam from the nozzle, and this point
19 reached, as before stated, when the throat pressure
15 58 per cent. of the initial. This explains why a
boiler does not instantaneously discharge the whole
of the steam when the safefy-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 1n the direction of flow. The increase of area of
the jet along the nozzle as the volume of steam grows,
makes thc velocity required to discharge it at any
given polnt the same as the velocity actually pro-
duced by the degree of cxpansion at that point. If
the nozzle were convergent, only, the steam would

il

—_—

= 15,500 foot pounds,

= 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 1s as gketch B, and the energy
developed is much greater. The following table

[ A e e

Fig. 12,—Difference between Simple QOrifice and Taper Nazzle.

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, atmospheric pressure in the turbine casing being
asspmed. The taper of the flaring end should be
1 in 12, whieh, with the throat and discharge dimen-
gions, fixes the length of the nozzle,
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Taprg I1.

Gaugs pressure, Jbs. persq.in.| 16 | 30 | 40 | 50 | 60 | 80

Weight of steam passed per
second per /g, in., 1bs, [ 041 [ 0-53 | 066 | -757 -88{1-CO

Area of diseharge end of
nozzle, - . sq, io, (1001501402 1112 (12 |14 11-583

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 Dbe, at
15 Ibs. pressure the discharge arca of the nozzle must
be 1-015 of this, and so on.

L .
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Fig, 12a,—Steam passed per honr per square inch for different
Boiler Pressures.

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



CHAPTER III

MrTHOD oF DEsIgNING A DrE LAvar
STEAM TUREBINE.

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 onc cuble ineh 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 cuhic
inches have been published. We will take one cubic
inch, and if the evaporation is more or Iess than this
quantity areas will have to be increased or reduced:
in1 exact proportion. -One cubie inch of water weighs
0-036 1b., and the table overleaf gives the corre-
sponding volumes of steam both in cubie inchesg and
feet at the respective pressures considered.

Assuming that the boiler pressure is 30 1bs.
(gauge), the volume of steam delivered to the tur-
bine per minute is 033 cubie feet, weighing, of
course, (036 1bs.; hence the volume and weight

27
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passing per second will be one-sixtieth of these
figurces, that is, ‘0006 lb. and ‘056 cubic feet respec-
tively. From Table IL 0-563 ]h. of steam 1s given as
being passed per second per square inch at 30 lbs.
pressure, therefore the throat area of our nozzle
becomes 1% E}ﬁﬂ%ﬁ= 0-00113 square inches, and the
value of the final area is, from the same table, 1-02
times this=000113 x102=000115. The diameters
can be calculated as follows :—

_Area

-
. ]

Area = 7%, where = =3"1416.

irom which r= /Area ;
ris
m?*}‘ . 5:2?’:2 %
4\." T

Tapre 1II.

'

and since &, the diameter,

Volume of Steam from 1 enbie inch of Water,
{zauge Pressnre,

Lbs, per sg. in,

: Cubie inches, Cubie feet.
ih 850 0°48
30 571 (333
40 | 487 0-27
50 508 023
80 346 020
80 78 0°16
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Avpplying this to the above ﬁgures the throat
dlamcter bhecomes

gz, /O0L13 QJTJ%;J“D-{}SS ins. (177 = J7)

The detmls of this calculation given below will
make the method of operation quite plain.

ant1e_ 113 . 113 _
000113 = o ..Jmﬂ_

J113 10-6 03 : .
N = ——="0336 ; and this multiplied
/100,060~ 316 ’ ¥

by 2 and divided by 177,

-{}313?; 2= 0-038, or 13#85ths of an inch.
In exactly the same way the diamotor at the end
of the nozzle is found fo be (0384 inches. The
conically expanding portion of the nozzle should

2 o C

'A Lz | 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 manrer. 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 «
along A B the vertical ad is equal to the throat
diameter of the nozzle, and also the position ¢ at
which ¢ d equals the final diameter, theu ac=/!, tho
length of the nozzle,

Using the diagram for the case in qguestion, the
length works out to %, of an inch, so that the
nozzle amounts to little more than a simple orifice
in a thin plate. ¥wven if the throat area of the
nozzle were somewhat nearer that of the nozzles
used m actual work, it is doubtiul if a properly
designed De Laval nozzle would give better results
than a simplc 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.
‘| Dinaneters, inclios. [Areas, square inches.|

Gauge presssure, Lengtl.

Lhs, Inclies.

Throat. | Final. | Throat. | Final

1b 0042 00426 1070014 | 000142 0008

20 0-038 0-03%4 ;00013 |[0-00L15 0006

40- 0'634 | 070356 | 0-G00D | (001 0018

5O . 0032 00348 | 000079 | 0-000848 . 0033

g0 00202 | 00337 | 000067 § 000933 | 0+054

80 00264 | 00828 | 0°00GHS | O-00O034 D077
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The nozzle may be made as follows 1

A piece of brass rod, A, fig. 14, 1s screwed to take a
standard union and bored to {5 of an inch nearly
the whole way down. A drill somewhat smaller than
the required area according to Table IV. 18 used to
complete the bore, and the throat orifice is then
made the ¢xact size by using a needle as a rimer and
working froni tho discharge cnd of the nozzle. The
throat diameter should be slightly under rather than

over the exact dimension, since the area of the
nozzle inéreases as the sguare of the diameter, and
ot as the diameter simply. |

 The next points to be decided are, the diametor
of the wheel and tho 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 Cis the velocity of the steam jet as it leaves the
nozzle, or the ¢absolute velocity’; OB 18 the
peripheral velocity of the whoel 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 ab which a point on the rim moves in space
and is equal to 2xrN feet, where ¢ is the
radius of the wheel in feet and N the number of
revolutions per second. In Chapter L. it was shown
that for maximum efficlency the peripheral speed

X B 1O

Fig. 15.—Diagram of Velocities,

of the wheel should be half that of the jet, and
a8 the mnozzle is inclined at an angle of 20°
to the wheel, the component velocity parallel fo
the wheel must be obtained. This can be done
graphically by extending the line O B and dropping
a perpendicular from C fo X as shown in dotled
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 I1, 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
2
the diameter of the wheel. The diameter does not
moan the extreme diameter, but twice the radius
from the centre of the wheel to the centre
of the steam nozzle; and as it i3 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 c¢alculations are to be
based. Taking a wheel whose extreme diamoter
1s 4 inches, the working diameter will be 3 inches
and the circumference (78 feet. The number of
revolutions mnecessary in order that the wheel
speed 18 half the steam wvelocity, i.e. 9065 feet, is
| ;;%zlﬁ[} revolutions per second, or 73,800 per
minute ; and if 2000 revolutions is the maximum
which the driving shaft may make, reduction
gear of %%1%&: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

wheel 18 then =965 feet, and wo can now fix
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remaining the same, The angle &, which the
relative velocity of the jet makes with the horizontal,
15 the entrance anglo to the vancs in order that the

Tirbire Shaft Driving Shaft

4
Fig. 16.—Compound Reduection Gear,

steam may glide on to these without shock, and in
the diagram thiz 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 18 not so. From

Y,
F
MY %
ar'” =z
>

Fig. 17.—Formation of Blades. |

different points in the line O X! arcs can be struck
which will fulfil the necessary conditions; that 1s,
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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Fig. 19, —Elevation.
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decide which of the series of vanes should bo adopted
(two are shown in the diagram); and if the vane is
chosen such that the length of the chord drawn
across the edges 1s } inch or § inch as maximum,
satistactory results will be olbiained.

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 1llustrated m figs. 1§ and 19 has been
designed. It consists of a central disc of sheef brass
f= 1n. 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 13
prevented from moving relatively to the shaft and
bosses by the two pins, which are a force fit. The
shaft: 1tself, which may be turned down from a piece
of & 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
iz illustrated conventionally, is intended to be out-
side the casing. The vanes, the construciion of
which will be dealt with later, are made from thin
brass, ahout No, 28 B.W.G., and have a slot cut in
the middle, the width of which is 4l in., so that
they will slip over the dise. A similar slot is cut
in the disc itself, the depth of the two slots being
P In.  The bottom of the vanes will thus be # in.
below the edge of the dise, and the provyision of the
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IR

Fig, 21. —Section.
Alternative Design for De Laval Wiieel.
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two slots in both vane and dise 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

i’ H—L!

Fig. 22.—Skeiches 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, TFig. 20 1s a segment
of the wheel with the vanes attached, and fig. 21 is
a sectlon 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 yi in. sheet brass. The boss 1s 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 1t 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

Mg, 28—
Sketeh of Blade
in Position.

diameter, which may be allowed to project cach 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 disc 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 ssparated. The
congtruetion of the shaftis similar to the previous

Fig. 24.

example, and the conical shoulder could of eourse
be formed by turning the shaft down. The object of
the pivot bearing is to allow adjustment of end-play
and to cnable the shalt o rotate on an-axis other
than 1ts geometrical one. This 1s accomplished in
the De Laval machine by wsing a long thin flexible
shait, as 13 well known, but such a method is
impracticable In a model. An ingenilous method of
forming the vancs 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 tlat 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
illnstrated in fig. 25, which allows the pitch to be

D 6

I ??a;f

I ey W . . - - g

-
P&

Fig. 25.

reduced while keoping the blades the same width.
Two identical dises (Nos. 1 and 2) are first marked
out and the rings of holes 2 in each are drnlled; 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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1s & 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,
Wereq1t 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 fthe cross-section of the
steam Jet.

The guestlon 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 0-0006 Ibs, at
a velocity of 2050 feet.

The energy in the jet before entering the wheel
‘e ‘0006 x 2050 x 2050

2% 322
energy remaining after leaving the wheel at a
velocity of about 900 feet per second will be

wﬁﬁzxxg:sﬂz?; 2277, or 8 foot pounds nearly,

=39 foot pounds, and the

therefore the energy given up to 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 disc and of bearings,
the work done in foot pounds is equal to 121 per
second, or 750 per minute. 1f the driving shaft is
running at 2000 revelutions 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 =EEW%HU'3T5 foot pounds. This will
show that shafting and propeller gear,.1f the turbine
is to be applied to boat propulsion, must be of the
lightest description and friction must be kept as low
a3 possible, also the piteh and area of the propeller
will require to bo reduced considerably below that
for boats driven by slower running reciprocating
engines,



CHAPTER 1V,

CoMpLETE DEsiGNS ¥OR DE LAvAL TURBINES.
METHOD OF MAKING VANES., SHROUDING.

Fias. 26 and 27 are secticns of the prize design in
the competition instituted by The 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 bosg 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 rnan tn. The gpaee
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 1s a } . 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 shait gears into
a gun-metal wheel 113 inches diameter, mounted
on a - in. shaft. This iz supported on the left
by a gun-metal bearing (fiz. 34), screwed to bosses
on the end-plate.

A thin brass plate i1s soldered on the inside of
4 -
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COMPLETE DESIGKRS FOR DE LAVAL TURBINES,
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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

X
‘F
"y
Wy

(ORI AT iy
@‘
’r"'lr--lr-'ﬂ'
—

’
y

Solder:

2

R

]

Fig. 28, —Plar of Wheel,

fig. 33, to keep the oil from splashing all over the
case. Oil cups and drain cocks ecan be fitted as
shown to both o1l baths.

A small hole, B (fig. 26), 18 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 screws 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 hoss,
round which a number of suitably shaped vanes are
fixed. Outside these vanes is a brass band to keep
the steam from escaping through cenirifugal 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 dimensioms
are: — Diameter of side plates, 14 in.; diameter of
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cenfre, ¢ in.; thickness of plates, % in.; distance
apart of plates, 1% 1in.

The cenfre of the boss extends on one side of the
wheel, so that 1t 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 1s turned from a piece of steel 4% in.
diameter, and has a disc left at one end in which

B Ny
I NN T s r 2,
g _
;:g_- ]ruﬁ, adwat
Fig. 30. —Detail of Nozzle.

teeth are cut for the necessary gearing, Its dimen-
sions are: — LenSth, 2 in.; diameter, 8. in.;
diameter of boss, £ in.; width of boss, + in. The
ends of the shafl are pointed and hardened, and run
in two hollow centres, The boss of the wheel is
bored a good fit on the shaft, and 13 secured by a
small pin driven right through 1t.

The steam nozzle is made of a piece of brass rod
outside diameter 35 1in. (bare}. A hole 0-04 in.
diameter is bored through the middle of it, and is
tapered out as 1n sketeh, fig. 30, which clearly shows
how the nozzle is attached to the casing. The nozzle
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15 designed to suit a loiler evaporating 12 cubic
inches of water per minute, and a reference to Table
1V., Chapter 1L, will show that it is much too long.

The various details of the casing are shown in
fies. 26, 27, 31, and 32, Tho case of the turhine
consists of two castings, fig. 31, fitting into the

Fig. 81, —Ends of Turbine Casing,

ends of a piece of 31 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 iz explained af the end
of this chapter. The method advised by the designer
for fixing these into the boss is ag lollows :—

23—4
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The boss, mounted on a mandrel, is firmly fixed
to a plece of wood with a hole 81 in. diameter by
%2 in, deep furned in 1t, A circle of ordinary pins
must now be driven into the bottom of the hole at
equal distance apart. The diameter of this circle

Sfajz valve.

Cb ail cuﬁ

el T

+

s37
©
"

=/

= !
Qi cufe. §F
Fig. 32,—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 heing 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-oi-Paris must be poured into the hole in
tho wood, When the plaster has thoroughly set,
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the Doss and vanes, firmly imbedded in the plaster,
can be taken from the board, the pins having been
previously removed. It must then De mounted

0
0

[ X o

0

Fig. 33.—0il Bath Casing, Fig, 84.—Dearing for
Countershaft.

o

Fig, 85,—Fixing Blades {Tlan).

between centres, and carefully turned down to 23
in, diameter. The outside ring for the wheel 1s
made from a plece of solid drawn brass tubing,
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5 In. diameter and 1} in. wide; this must he
thoroughly annealed, and onc edge spun over, as in
figs. 28 and 73. |

The plaster-of-Taris 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 {rom
the other ends of the vanes, which are then sweated

—_— — i

Fig. 36, —Sketch showing Method of Fizing Blades.

to the boss. The other edge of the brass ring must
now be carefully spun over. When the remaining
plaster-of-1’aris 1s removed, the wheel will be found
to be perfectly true and strong.

¥Fig. 37 is another competition design. The casing
¢c¢ 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 &, a slight fillet
being turned to fit inside casing. The bosses are
drilled +% in. to ‘take the. Dlearing sleeves ss;
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these must bo 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 eentrully 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 prea&rved.

' *“’E;.
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Fig, 37.—Design for Model De Laval by the
Rev, W. Bredin Naylor,

The vanes are cut oub 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 % inch
brasﬂ rod, and its exact size is given in fig. 42. The
dotted hnea show the taper discharge end. It 1is
sweated into the casing as seen in figs, 37 and 38, at

L
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an angle of 60°. The designer does not state
why this angle 1s chosen; but, presumably, the

l&-’f
Figl 421_
Fig. 41.—0il Cup. Nozzle,

object In view was to reducc the velocity at which
the whcel would have to run. While this would

LI IR |
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certainly be accomplished, the encrgy in the steam
is not so fully utilised as it might be.

The saddle f (fig. 33) on which the casing rests
was made from 1 in. brass tube hammecered to a

Fig. 48.--Phatograph of the Rev, W, Bredin Naylor's
Model Steam Turbine, = . - .

rectangular shape on a former, and serves as a
chamber to- colleet the condensed steam from the
outlet o in under part of casing. "The turbine s
ceared 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 2 in. thick,
and the blades are cut & in. deep, with a space
between of 1 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 91— in., and the final diameter is

\%\

W ATy
A

‘f
A

E-
14

F1g. 44,~——Whee! Spindle and Bear-
ings in the Rev. W. Bredin
Naylor’s Finished Model,

v% 1n. The gear runs in o, and the reduction 18
10to 1. With steam at 30 lbs, pressure, the number
of revolutions is said to be about 10,000 per minute ;
hut 1% 1s not stated whether this figure refers to the
turbine or the propeller shaft.

Figs. 49 to 49 are drawings for a turbino to develop
“anything up to 5 ILP.)” and a glance at the sectional
drawing of the steam nozzle will show that tho
turbine is too large for the ordinary model boiler,
It consists of a dise mounted on the centre of a
flexible steel shaft, the supports of which are placed
at a considerable diztance from the disc. As it is
impossible to accurately balance the wheel, this
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construction 1s 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
15 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 1s advisable to cast four bosses to the
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Fig. 48, Fig. 48.—Enlargzed
Prawing of Blades
{Eievuation).

;
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circular chamber to which the steam-pipe 1s con-
nected, and two of these could be left blank, so that
they could be bored at any time {o increase this
power of the motor. No shutting-off -valves are
shown on the nozzles, ag these could be fitted if
desired, although they are not absolutely necessary.
The nozzles, of which one 1s shown in seciion in
fig. 46, are designed for an initial steam pressure
of 50 lbs. or 65 lbs, absolute; and as it is not
intended to apply a condenser, the steam expands
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Fig, 48a.—FEnlarged Draw-
ing of Blades. (Plan.)
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Fig. 47.—End View and Section of Larger De Laval Tdrbine.
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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, aml fig. 49 gives details of the
governor and throttle valve, the section I fig. 45
serving to explain the internal censtruction of this.

Its action will be understood by fiz. 49. Tho
governor consists of two balls, eonnected to the two

I in. diameter discs by two thin pieces of spring

Fig. 49, —CGovernor,

steel wire. Its aclion is similar to that of the
ordinary Pickering governor. The dise next to the

driving pulley is rigidly keyed to the governor

spindle: the other, nearest the throttle vaive, 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
provent any lateral movement.

e F
I AP/ SNV A |1 4
Inlil B R ||
HA-- ST
N Corenom Srmr e &8 s, W
AN S A




COMPLETE DESIGKS FOLR DE LAVAL TURBINES, 61

To those to whem the gearing may prove a

stumbling -

block, the N . T
friction . ;_ med [} T
gear 1llus- D A\ i
trated in ' ‘ i.fr
the two ’ RS
following j : e E
drawings ' o
may be of T T =
intercst. &
The gear 18 E
formed of plain -
heve! whecels, of B
which one .elefuﬁnt ‘E‘-;: E
of the palr i1s of ™ £
metal and the other =
of some such sub- e
stance as pressed =
leather or silicated &
cardboard. The g
turbine shait is e
supported in bear- é
ings B, B,, and the ]
end thrust in the =
direction B, B, &i}
keeps the bevel

wheel tight against |

the two opposing
wheels. This thrust can be 111:31‘&&5&(1 by making the

exit angle of the vanes slightly less than the inlet
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angle—that is to gay, angle A, less than A, (fig. 15),
or the turbine shaft could he kept up to its work by

S a spiral spring
f% ol ] ‘@ pressing against
! T

the turbine cas-

i [ ing and a collar
FJ'::—J;% /@ on this shaft.
— This form of gear

allows of a high-
speed reduction,
= ' . and even 1f not
' l adopted 1n 1iis
entirety, the
bovel wheels
offer an alterna-
tive to toothed
gearing.
There are
several methods
for forming the
vanes, and the
simplest, and
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Fig, 51.—Plan of Furbine and Gear

_’ 3 = certainly the

(_'j'—' ‘ (_3"—‘ least tﬁdiﬂus{, is

P == the following,

F—Z/ Igj- f— — —3 due to the de-
”

signer of the tur-

@ ( l ) —@ 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
picee of iron forms a mould for the vanes. A piece
of rod should then be furned 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 1t 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

" e :
{ \ .
i
i' ;
\-" — #

Yig. 53.—Method of Curving the Blades.”

size of the mould, laying this on the top and foreing
the segment of the rod, or ‘core, on top with
a hammer, This bends the brass te 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
gegment of a circle.

Mr Bredin Naylor cuts his vanes ont 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 i3 made from a Z-in. steel rod having a
hole £ in. diameter drilled centrally at %, and turned
down on the outside till the thickness of the blades
18 g5 in. The edge 13 nicked with a chisel to make
a saw edge, and is then hardened, The cutter is
held in th¢ lathechuck, and the hand-rest 1s set

L f'ragnl 3
‘f O

Fig, 53.—Tool for Forming Blades,

PANNMSS

Seale
fwvice full
5izE,

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

Pr 1n. below the lathe centres and almost touching
the teeth of the cutter. The work i1s held in the
fingers and thus fed up o the cutter. The sketch
(fig. 64) shows very clearly how the depth of the
blades is limifed for a given size of blade and cutfer,
" the back of the latter destroying the other blades,
and to obviate this Mr Bredin Naylor designed the
improved, cutter (fig. 58).
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The cutter 18 made from tool steel rod about 21 in.
long, the diameter being a quarter greater than
the thickness of the washer to be cut. The rod
i1s chucked and trued for 4 in. from the end; a
hole is drilled in the end of such diameter as to leave
the sides apout & 1n. thick; the sides are filed
away, leaving the part @ projecting; this is shaped

Fig. 56.—Disgram showing
, how the Inmproved Cutter
e O Forms the Blades,

Fig. 65.—Improved Cutter,

for clearance, and, of course, hardened and tempered.
Fig, b7 shows the method of using it; & and ¢ are
‘steadies’ for the wheel 1w, and are held in the
siide-rest and fed up to the cutter in the chuck,
which 18 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 1t 13 being cut.
23—5
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The sketch (fig. 56) shows the action of the eutier «
at the beginning of the cut; &, affer cutting ; from
the cutter 18 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 fogether,

L

-\
i
J_ L ¢

Fig. 57.—Method of Using Improved Cutter,

1

Where the distance apart is greater than the cross-
section of the steam jet, 1t is obvious that for con-
stantly recurring infinitesimal spaces of i{ime the
Jet 1s 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. Ouly 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 satistactory joh.

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 1

Skrouding

b
A it § Hi B
fl Bixde ‘_ |
b
Gm?r-
Stock “Hial.

I'ig. 59.—Another Method of making Blades,

“It 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. ©8). The
cranked armn may be bolted either to the top of slide-
rest, or to the lathe bed. [f the ring be placed in
the vertical centre of the lathe, and fed up fo the
milling tool by the traverse screw of slide-rest to the
required depth, and then gwung through an angle a$
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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.

|
Packing disc s¢

whi b T - =t
‘ | = .

Clamp

Blade ring
Hig, 60.—End View. Fig. 61.—Packing Dise.

‘The next aperation is to slacken clamping screw
(fig. 60), and turn the ring round on the packing
disc (fig. 61) to where the next groove hag 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 diameéter of the cutter plus the
thickness of the blade at the centre of the blade
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s
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eurvature, which in
this case 1s theverti-
cal centre of lathe.
The greatest width
of blade (or thick-
ness of ring) is fixed
by the diameter of
milling teel and
radius R.

“¥ig. 63 showsan
expanded plan of
ring, with the centre
of curvature of
blade slightly off
the vertical centre

Fig. 63.—Another Form of Blade,

w Al 5E of lathe; this is, in
-';-Ef,g' 85% effoct, the same as
e ESE if the blades were
CEINEES formed as in fig. 58

and then a small
amount turned off
the one side of ring,

“‘ Fig. 62 shows a
bhlade of somewhat -
more difficult con-
struction ; here the
pitch of the blade 1g
not determined by
the diameter of
cutter and the
thickness of hblade.

Fig. 62,—Expanded Plan of Blades.
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Taking R* (fig. 62) it will be neticed that the posi-
tiong X and X’ of the milling tool limit the greatest
angle at which the ring may bo 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 1s 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 iz advisable to cut all the fronts of the blades
first with radius IR% turning the ring round through
tho distance P (which is the pitch) for every blade,
then to set the slhiding sleave (fig. 68) to the radius
132, 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 ifs length, it is necessary fo faper
milling tool as shown in fig. $8.”

The writer who makes the above suggestions
further adds that a Parsons turbine might be con-
structed by cufting 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 mefhod 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 fhe stoam will meet the flat edge
of the vane and rebound (see fig, 64).
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With regard to shrouding, it 1s an open (uestion
a3 fo whether this is necessary in a model turbine.

Mr Naylor’s wheel is no$ 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 addifion 1t pre-
vents the steam jet expanding laterally during its
passage through the wheel. A piece of tubing of an

i et
n?//// #.ﬁ"”"f’-'f"
"

Fig. 4,~-Disgram ghowing 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, if is
better to use very thin sheet brass. The ring may
be made by faking a ecircular 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 dise should be larger than the
wood, and being placed on this with the centres
coinciding, the projeeting metal edge should be
gently and carefully hammered down or spun so as
to present the appearance of a eamister id or boiler
end. From the centre of the disc a circle should be
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gtruck 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, ahd 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 limif the
diameter of the wheel to any particular size to suif
the tubing, The vanes will require supporting during
the operation, and if they are mechanically attached
to the wheel, white metal may he run in between
them temporarily. If they are seldered in, plaster-
oi-Paris should be used. The shrouding should be
sweated to the vanes fo 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 8o that it is in balance everywherc, and any
corrections which can be made by filing the discharge -
sides of the vancs should be done at the exireme

diameter.
When applying a steam turbine Lo boat propulsion,

YUY T Y IWY Y
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)

Fia. 64,

7

it has to be remembered that the torque they give
outb 1s small, and 1t is therefore advisable to employ
a “buffer” between the turbine and the propeller
shaft. A switable device 1s shown in fig. 66.

A 18 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 cireunlar
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
causcs it to move forward, compressing the spring
and gradually transmitting the load to the turbine
without shock. For a five-feet boaf with fine lines
a steel spring 4 in. of [ in. diamefer wire with
the pitch of the coils 5% inch apart and with a play
of # in. 1s recommended.



CHAPTER V.
Tir THEQORY OF MULTIPLE STAGE TURBINES.

In the second chapter it has been shown that for
maximum elliciency the peripheral speed--of the
turbine wheel must be equal to half that of the
paralle]l 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 goaring in practical work would seem to
lmit the size of the impulse or action turbine, which
16 the class to which the I)e Laval machine belongs;
but 1ts only objection,- irom a model-maker’s stand-
point, is the diffieulty 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 dilagram’ 18 divided into several strips,
the avea 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 1s
76
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evident that the velocity of the steam jef could be
made ag 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 1t 1s evident from
inspection of fig. 67 that this would be an inefficlent

o
) V;_- 4
5

T & 2,
4; TN

. Poiy heric Hressure
¥ l l X . .ma‘sp . / —

" Fig. 67.—Diagram illustrating Work done by ‘' Staging”
in Steam Turbines,

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
wag 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 séries with one another and mounted on a common
ghaft, 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
gude and running wheels. This is known as
‘velocity ® sftaging, and is the method adopted in
the well-known Curtis turbine, Iach wheel abstracts
a fraefion of the velocity energy of the jef, and can
thus rotate at a speed considerably below that of the
jet. The third and better known multiple turbinc
18 that due to the energy and perseverance of the
Hon. C. A, Parsons. This {urbine consists of alter-
nate rings of guide and wheel vanes, Steam is
admitted all round the first gmde ring, and expands
to an-extent depending on the inlet and exit areas.
The total arvea for the passage of steam at any given
ring, either of guide or wheel vanes, is: area of cirele
bounding the tips —area of circle bounding the roots,
This assuines 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 & 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 generafing
kinetic energy for utilisation in fhe mnext stage.
By choosing a suitable number of stages the steam
velocities are kept low, and the {urbine runs
efficiently at a rate of revolution such that gearing
18 not required {a Parsons turbine is stated to have
been run satisfactorily at the same number of
revolufions as a high-speed engine, 2.¢. about 450).
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There are other types of mulfi-stage turbine on
fhe market, but the three above described hold
the lead so far, and it now remains to be seen
whether the construction of one or fthe ofther 1n
model sizes is practicable,

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

The poinfs 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 latfer cannot well be
under 2000 per minute without either using wheels
ol too large a diameter for model boat work, or
having & large number of stages, which for models
is impracticable,

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

TagLE V |
Diameter of - Peripheral Spead
Wheel. (fcet per second).
2000 ravs, 3000 revs.

2 1n. 19-44 26-16
3 29-16  39-24
4. 389 5232

5, 486 654

In Table V1. the steam velocities for varying ratfiog
of expansion are given.  For instance, the figure 165
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means that the steam 1s expanded to Lz of its initial
pressure (absolute pressures considered).

TABLE VI
Ratio of Velocity
Expansion. (feet per second ).
165 370
15 123{]
1-25 910
1°1 2290
1-00 134
1-02 86
101 61

The above values are those obtained by theoretical
calculation, and must not be considered as rigidly
correct. Steamn expands 1n 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. ThE} are, huwe‘vex near enough for the
purpose In view.

Assuming a steam pressure of 60 1bs. (75 absnlute}
expanding tw::l the atmosphere, the number of expan-
70
15

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 wheelg should not—for boat work, at all events
—go beyond 4 1n.

Taking a 4-1n. wheel and an cxpansion ratio of
301, let us see what number of stages will be re-

sicns will be
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quired for a rate of revolution of 2000 per minute.
Calling # the number of stages, it i1s evident that »
(tho ratio of expansion) multlphed by itself « times
(? XTXT o v v v to & factors)=+* will give the
number of fimes the steam has expanded. Suppos-
ing, for instance, that the number of stages x is
three, # being 1'01; then, +*=101x101x101=
103, or the steam has increased 1ts volume by i35
only, whereas it is required to expand five times to
bring 1t to atmospheric pressure, The numbor of
stages required to attain this expansion will there-
fore be given by the equation :

# or 1°01%=5.

The simplest way to solve this will be to take
logarithms of both sides thus :—

z X log r=1log b.
loz & 06990 -
and mﬁlm—oﬂ—m—lﬂﬁ b.
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 alignunent of the bearings will cause considerable
loss of power; and it therefore seems desirable to
acdopt some means for enabling the rotor to be run

at reasonable efficiency while its peripheral speed is

23—6
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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 {imes 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

I'ter. GR.

side of the rotor disc, and passages aro formed in the
covers 80 that the steam passes through the dise
nine times, The effect of this is that the dis¢ 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 lJimits, Mr Naylor has
tested this turbine under actual working conditions,
coupling it up te a propeller completely immersed
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in water contalned in u tank. With steam at 30-35
lbs. 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 selved 1n an efficient manner by the use of two or
threc 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 arrangemcnt might be adopted. The
turbines should be arranged to exhaust ab 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 1bs,
Te fix our 1deas, let us suppose that the boiler
prossure 15 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 18 99— 60=30, or 10 1bs. fall in
each turbine. The steam velocifies will therefore
be congiderably reduced, and for the case considered
are about 220 feet per second. For a single-inlet
turbine the peripheral speed for maximum efficicney
would have to be 110 feet per second, which, with a
wheel of 3 inches mean diameter, works out at 8200
revolutions per minute. Sendiug 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

_—

Ex Ay v F
;
Houler Tirbine or oA
Forr i s’

—

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 boa$, and drive on to the
propeller shaft by means of pulleys and a colled
spring belt. The steam distribution from the boiler
is clearly shown in the sketeh. 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 bhe 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,

———t
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