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HYDRAULIC POWER TRANSMISSION
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Plero Mariano Salerni, Cox Green, Berkshire,
England; vested in the Allen Property Custo-

dian

Appiication Aled August 12, 1939

This invention relates to hydraulic power trans-
mission apparatus of the kind In which a rotary
impeller or driving member having ducts between
vanes drives by means of a liquid circulating in a
closed circuit & turbine or driven member having
ducts the Inlets whereof are disposed in the said
circult at a radius (1. e. at a radial distance from
the axls of rotatlon) larger than the radius at
which their outlets are digposed, said ducts being
formed between vanes which are not withdraw-
able from the liquid (and which are hereinafter
referred to as “fixed vanes”), and which com-
prises a reaction member, and wherein the torque
imparted by hydraulic means to the turbine in
the forwards directlon (i. e. in the direction of
rotation of the impeller) is or can be substan-
tially greater than that imparted to the impeller
whereby transmisston of power may be effected
by hydraulic means at a torque ratlo substan-
tially greater than the ratio of 1 to 1 independ-
ently of any mechanical change speed gearing.

According to this invention there is provided
a hydraulic power transmission apparatus of the
kind specified in which the impeller has at least

a substantial part of its ducts non-divergent and ¢

such non-divergence extends up to or nearly up
to the outlet of the impeller and in which the
turbine has bulbous members. By bulbous mem-
bers are meant members which present to the
Impinging fluld bulbous heads so constructed as
to reduce the eddying or turbulence due to the
Impinging of the Auid, from the various direc-
tions that occur in practice, upon the inlet ends
of the vanes. Preferably the bulbous members

are constructed and disposed so as to provide con- ;;

vergent passages between them so as to reduce
any eddying or turbulence in the fluid passing
between them.

An increase In efficlency Is obtained by con-
structing the impeller so that at least a substan-
tial part of its ducts is non-divergent, i. e.
throughout that part any normal cross-section
thereof can be superimposed upon every normal
cross-section thereof which is more remote than
itself from the outlet without overlapping the
same. The greater the length of the non-diver-
gent part of each duct the higher will be the effi-
ciency and the length of such part must be sub-
stantial i. e. 1t must be sufficlently long so as to

Increase the efficlency of the apparatus to a sub-

stantial extent. Such an increase in efficiency is
caused by the reduction, due tc non-divergence,
in the eddying and turbulence of the liqu!d pass-
ing through and emerging from such non-diver-
gent part. Such non-divergent part according to
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the invention must extend up to the outlet or
nearly up to the outlet 1. e. so near to the outlet
that the lquid emerging from the impeller has
its turbulence reduced by such non-divergence.
A further increase in efliciency Is caused by the
turbine having at the inlets of its ducts bulbous
members 50 consiructed and disposed as to reduce
eddying and turbulence. If the length of such
non-divergent part and the decrease in its cross-
gectional area throughout its length is sufficient,
then the liquid emerging from the impeller will
have a stable flow 1, e, it will be free from eddying
and turbulence or sufficiently free not substan-
tially to reduce efficiency, even under conditions
when the apparatus is transmitting at ratios of
greater than 1 to 1 and with at least 25% of the
maximum power which the engine is deslgned
to give under ordinary conditions.

According therefore to another aspect of this
invention there is provided a hydraulic power
transmission apparatus of the kind specified In
which the ducts of the impeller are so constructed
that the fluid emerging therefrom has a stable
flow under the conditions specifled above, and In
which the turbine has at the inlets of its ducts
bulbous members,

According to further features of the invention
the impeller and also the reaction member have
at the inlets of their ducts bulbous members con-
structed and disposed =so as to reduce eddying and
turbulence. .

Preferably all of the aforesald bulbous mem-
bers are constructed and disposed so as both to
reduce any eddylng and turbulence due to the
impingement thereon of the fluild from the vari-
ous directions which will occur in practice and
also so as to provide convergent passages between
adjacent members further to reduce any eddying
and turbulence in the fluid passing between them.

Preferably the impeller has its outlet in the
outer half of the circult and the ducts of the
impeller are made non-divergent from a point at
or near the inlet up to the outlet. Preferably the
eross-sectional area s progressively reduced
throughout such length.

The eross-sectlonal area may be made fo de-
crease in the case of a tetragonal duct either by
causing both palrs of opposite walls to converge
or by keeping one pair parallel and causing the
other pair to converge. If the liquld used has a
high viscosity, e. g. as in the case of commoOn
englne lubricating oil, if one pair of opposite walls
has & convergence of 5° while the other pair re-
maing parallel a substantial advantage is ob-
tained. Up to & Umit (which is at least 15°) the
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greater the degree of convergence the better will
be the result.

The construction of the apparatus itself im-
poses limits to the possible amount by which the
cross-sectiongl area can be reduced towards the
outlet of the impeller. Thus the outlet must not
be unduly constricted as otherwise the lquid will
not be able to clrculate sufficiently freely to trans-
mit power efficiently. Moreover, the permissible
largeness of the inlet of the impeller is limited
by considerations of the design of the circuit,
since there must not be inordinate discrepancies
in size between the dimensions of the channel
through which the liguid is delivered to the im-
peller and the inlet of the impeller,

In the preferred construction the ducts have
their outlets at the part of the circuit furthest
away from the axis of rolation, so that the liquid
issues therefrom in a direction having no radial
component. In the preferred construction the
ducts extend throughout practically the full ra-
dial dimension of the circuit and are eurved also
towards the Inlet. The radius of the outslde
curve preferably at no point exceeds about twice
the radius of the Inner curve as otherwise there
might be a tendency to eddying and turbulence
from this cause. This requirement alse, there-
fore, imposes a limit on the permissible large-
ness of the inlet.

The reduction of cross-sectional area towards
the outlet is preferably as great as possible con-
sistent with the above considerations.

Ot the non-divergent part of each duct that
portion which lies nearer the ifnlet is preferably
made non-divergent by progressively thickening
the vanes of the impelier (1, e. the parts forming
the walls separating a duct from adjoining ducts’
In the direction towards the outlet. The vanes
can be made integral with the impeller but it is
convenlent to make them separately and to as-
semble them upon the body of the impeller.
Preferably the cross-sectional ares is simulta-
neously progressively reduced and preferably this
is accomplished by causing the remsining walls
of the duct to converge.

It is preferred to form the outlet of each duct
in such a manner that the stream issulng from
a duct becomes merged gradually with those 1s-
suing from the adjoining ducts without objec-
tlonable eddying or turbulence. In order to
achieve this the thickness of the vanes must be
progressively decreased townards the outlet. This
can be accomplished, while malntaining non-di-
vergence, by turning the vanes as they approach
the outlet. The turn should be backwards rela-
tive to the direction of rotation. Preferably this
backwards turn takes place only in that portion
of each duct of the Impeller which lies nearer
to the outlet and preferably in the outer half of
the circuit, and preferably in that portion the
turn is sufficient to cause the walls constituted
by the vanes to converge. Preferably the vanes
are radially disposed elsewhere. It will be un-
derstood that the extent to which the vanes are
turned backwards must not be so great that power
is no longer efficlently transmitted (the optimum
angle to which the vanes are turned relatlve to
the direction of rotation usually lles between 30°
and 60°) and therefore if the vanes are turned
backwardly much before they approach the out-
let of the ducts, since the thickness of the vanes
can oniy be got rid of without dlvergence by fur-
ther backward turning, the opportunity for so
doing 1s correspondingly reduced.

It is preferred that the turbine should have
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ducts which have a backward curvature in a part
commencing at or near their inlets (i. e. are
curved so as to deflecst the liguld as it flows
through this part in a direction having a com-
ponent relative to the turhine opposite to the di-
rection of rotation of the impeller) and there-
after have a general eurvature opposite to such
first mentioned curvature,

Preferably the whole of this backward curva-
ture should take place as near as practicable to
the inlet of the turbine. It has been found in
practice that a duct the direction of which at the
inlet of the turbine is approximately parallel to
a plane containing the axis of rotation and the
direction of which at the end of the backwardly
curved part remote from such inlet is at in angle
of about 60° to such a plane is satisfactory. It
will be obvious that Lthe part of the duct curved
in this manhner must be of sufficient lengih to en-
able the liquid to be turned backwards effectively
without narrowing the ducts excessively.

From the point at which the backwards cur-
vature terminates up to or nearly up to the out-
let, the duct has a general curvature in a direc-
tion opposite to the said backwards curvature,
i. e. this latter part of the duct, regarded as a
whole, is opposltely eurved. Preferably the whole
of this latter part is oppositely curved, and pref-
erably the curvature ls smooth and such as to
conform to what would be the natural path of
the flow of the liquid after leaving the backwardly
curved part, when the turblne is stationary, if
the Hguid were unrestrained by vanes in this part.
of the turbine, 1. e. if the part of the vanes form-
ing this part of the ducts were not there.

When the turbine is statfonary, 1. e. before it
has beguh to move angularly, the reaction due
to the deflectlon of the liquid backwards, as it
flows through the backwardly curved parts of
the ducts, tends to rotate the turbine,

When the turbine rotates, power is transmit-
ted alse by the liguid being forced from the pe-
riphery of the turbine towards the axis, For
the purpose of transmission by this method, it
1s desirable that the inlet and outlet of the ducts
formed between the vanes shal! be separaled by
8§ great a radial distance as practicabhle. The
ducts must accordingly extend throughout a sub-
stantial radial height and preferably throughout
almost the full radial height of the clrcuit.

The ducts may be formed between-vanes which
are continuous from the inlet of the turbine to
the outlet. But the vanes need not be eontin-
uous and the ducts may be formad between suc-
cessive annular serles of vanes, which may he
staggered or not, provided that there is not such
a gap as will result in undue shock and loss of
eficiency. Preferably additional relatively short
backwardly curved vanes are provided at or near
to the inlet.

In a modifled construction, the said ducts are
preceded by ohe or more sets of auxiliary ducts
(also formed between fixed vanes) which are
backwardly curved and which are separated
from the said ducts and from each other by
spaces adapted to receive reaction vanes,

A reaction member has reactlon vanes so con-
structed and arranged at such an anpele to the
direction of the liquid impinging upon them that
under certain conditions of operation (e. g. when
the turbine Is stationary, and it is desired to
produce an increased torque for the purpose of
starting) these impart te the liquid a compo-
nent of veloelty in a forwards direction (1. e. the
same direction as the direction of rotation of the
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impeller). Under such conditlons the reaction
vanes are operative and tend to be driven by the
liquid in & backwards direction and must be re-
strained agalnst such tendency in order fo de-
flect the llquid In a forwards directlon. It Is
preferable that the ducts of the impeller, turbine
and reaction member and the bulbous members
should be so constructed that the fluid has a
stable flow throughout the circuit under the con-
ditions specified.

As the turbine begins {o rotate and the differ-
ence between the speeds of the turbine and of
the impeller 15 reduced this tendency decreases
and ultimately the reaction vanes are driven by
the liquid in a forwards direction and are then
inoperative. When, however, the reaction vanes
are driven by the liquid in a forwards direction,
their angular disposition tends to cause them to
rotate at a slower speed than that of the turbine.

If the reaction vanes rotate at a substantially .

different speed from that of the turbine this ad-
versely affects the efficiency.

In order to reduce this loss of efficiency, it is
preferable that the reaction member should be
capable of rotation ih a forwards direction, and
should be so constructed that it, or if it has more
than one reactlon element then at least one such
element, should have the average radial distance
from the axis of rotation of the middle points
of the Inlets beftween its vanes slightly greater
than the average radial distahce from such axis
of the middle points of the corresponding outlets.

In order to provide a large starting torque and
also the possibility of obtaining a torque consid-
erably greater than 1 to 1 over a wide range of
speeds, it has been found necessary to employ at
least two reaction elements, each having a set
of reaction vanes, one of which precedes and the
other of which follows a set of turblne vanes In
the circult. If both sets of reaction vanes, when
they become inobperative, rotate in a forwards di-
rectlon at a substantially different speed from
that of the turbine, the efficlency will be serious-
ly impaired,

It is therefore preferable that there should be
provided at least two reaction elements hetween
which is interposed at least one set of turbine
vanes, which reactlon elements are capable of ro-
tatlon relatively to each other and of which at

least one Is such that the average radial dis- '

tance, from the axis of rotatlon, of the middle
points of the inlets between 1ts vanes is slightly
greater Lthan the average radial distance from
such axils of the middle points of the correspond-
ing outlets,

The sald difference of average radial distance
must be slight, i. e, such that when the reaction
vanes are rotating in a forwards directlon the
difference between the speed at which the liquid
drives or tends to drive the sald reactlon vanes
and the speed of the turbine is less than it would
be if the average radial distances from the axis
of rotation of the middie points of the sald In-
lets and outlets were the same. Preferably the
said difference of average radial distances is such
that when the apparatus s transmitting the
maximum available power at a torque ratio of 1
to 1, the said reaction vanes are driven or tend
to be driven in a forwards direction by the liguid
substantially at the same speed of rotatlon as
the turbine, If the said difference of radial dis-
tance is too large. the reaction member will be
driven considerably faster than the turbine with
consequent loss of efficlency,
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Preferably each reactlon element is construct-
ed as aforesald,

By this embodiment of the Inventlon it {s pos-
sible to prevent the said loss of efficlency with-
out the necessity of introducing any mechanical
complications such as are involved if a lock Is in-
troduced between the turbine and reaction ele-
ments. Such g lock, apart from the additionsal
mechanism involved, {5 objectionable for other
reasons e, g. when in operation it results in the
formation of a compound turbine part of whose
vanes are disposed at an angle in a forwards di-
rection, involving undue sinuosity of the path of
the liquid and consequent loss of efficlency.

The Invention wili now be described by way
of example with reference to the accompanying
drawings which show certain preferred embodi-
menfts of the invention.

Figure 1 is a cross-section of an embodiment
of the invention through the axis of rotation
which shows the liquld circuit.

Flgures 2, 3, 4 and b are cross-sections of &
duct on the lines A—A, B—B, C—C, and D—D
respectively of Flgure 1.

Flgure 6 shows the cross-sectional areas of
the duct sectlons of Figures 2, 3, 4 and 5 super-
imposed.

Flgure 7 is a development of a vane on the line
X—Y¥ of Figure ). :

Figure 8 is a development of one duct on the
line X—Y of Figure 1.

Figures 9, 10, 11, 12 and 13 show the cross-
sectional area of a duct on the lines d—d, c—c,
b—b, a—a and e—e of Pigure 8 which correspond
to the lilnes D—D, C—C, B—B, A—A, and the
outlet, respectively, of Figure 1.

Pigure 14 shows the cross-sectional arecas of
the duct sections of Figures 8, 10, 11, 12 and 13
superimposed.

Figure 15 is a development of a vane having
a bulbous member as an extension at the inlet.

Flgure 16 is a development of a duct between
the two vanes as shown in Flgure 15.

Pizure 19 is a development in one plane of a
turbine made acrording to this invention.

Figure 17a is a variant of the arrancement
shown in Flgure 17.

Figure 18 is a perspective view of parts of the
impeller and of the turbine seen from a direc-
tton at right angles to the axis of rotation.

Figure 19 is a perspective view of another part
of the turbine seen from a direction paraliel to
ihe axis.

Flgure 20 is a crosa-section of a further em-
bodiment of the inventlon through the axls of
rotation which shows the liquid eircuit.

Figure 21 is a part sect'on view, part perspec-
tive view on the line A—A of Fipure 20.

Figure 22 is a simflar view to that shown in
Figure 21 but on the line B—B of Figure 20. It
will be noted that the views of Fignures 21 and 22
overlap.

Figure 23 is a perspective view of the reacticn
member looking down on the top of Figure 20,

5 paits being broken away to show the vanes.

Flgure 24 shows a modiflcation of Figure 20.

In Mgure 1. | Is the impeller, 2 is the turbhine
and 3 Is the reaction member. When the im-
peller § is rotated by any prime mover, lguid
fows thorein by centrifueal action from the in-
let & thereof to the outlet 5 thereof whenece it
is discharged into the inlet & of the turbine
through which it flows in a radielly inwards di-
rection Imparting rotational movement thereto.
The outlet is preferably situated In the outer half
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of the eircuit, i. e, on that side ¢f the line B—B
which is remote from the axis of rotation, and
in the embodiment shown is situated at the ma-
Jor radius of the circuit.

The ouier and inner walls of the ducts in the
impeller are formed by the members 8 and 10
and the side walls are formed by the vanes II,
12. 1 and B are rivets securing these vanes to
the members 9 and 10.

At the inlet (Figure 5) the vanhes are thin and
the cross-sectional area of the ducts of the Im-
peller is at a maximum. The thickness of the
vahes is thereafter progressively increased as
shown In Figures 4, 3 and 2 so as to maintain the
walls of the ducts formed by the vanes {[ and 12
non-divergent, notwithstanding that the vanes
are extending radially outwards from the axis of
rotation. The walls 9 and 10 are progressively
brought closer together to reduce the cross-sec-
tional area, the height of the vanes being aceord-
ingly reduced. Figure 6 shows the successive
cross-sections of the duct superimposed and it
will be seen that the side walls remnsain the same
distance apart while the top and bottom walls
are converging. The vanes have been thickened
as shown in Figure 7 from the point (3 at the
inlet to the point 14 corresponding to the lne
A—A of Flgure 1.

Thereafter from the point {4, the vane is

turned backwards towards the outlet so that the :

thickness of the vane may be progressively re-
duced while the duct remains non-divergent as
shown in Flgure 8. In the embodiment illustrat-
ed, In the latter part of each duct, 1. e. from the

line a—a (Figure 8) to the outlet, the sides of :

the duct constituted by the vanes converge (the
backwards turn being sufficlent for this purpose)
and the walls of the duct formed by the members
8 and I1¢ are maintained parallel,

The vanes are progressively rounded as shown
at 15 (Figure 4), 16 (Figure 3) and 17 (Fgure 2)
in order that the duct which 1s tetragonal at the
inlet and the outlet may not have sharp corners
throughout the greater part of its length. This
accounts for the D-shaped cross-section of the
outlet shown in Figure 13 on the line e—e of Fig-
ure 8. One side of the ouilet Is constituted by a
part of & vane which is some distance from the
tip and is stlll somewhat rounded, while the
other side i3 constituted by the tip of a vane
which has there ceased to be rounded.

The radius of curvature of the part 8 should
not be more than about twice the radius of curva-
ture of the part 10.

In order to avoid or decrease losseg due to
shock at the Inlet the latter Is preferably dis-
posed at as llttle a distance as possible from the
discharge outlet of the member through which
the liouid has passed previously to enterlng the
impeller. Bulbous members 19 (Figures 7, 8,
15 and 16) are placed at or near the inlet in fixed
relation to the vanes of the impeller belng as
shown so constructed and disposed as to reduce
any eddying and turbulence due to the implnge-
ment thereon of the fluld from the varlous di-
rections which will occur in practice. These mem-
bers also rapldly constrict the space through
which the liquid must pass before entering the
tnlet, i, e. from 20 to 21, thus providing a con-
vergent passage which will further reduce eddy-
ing and turbulence. Thereafter a gradual ex-
pansion of such space takes place up to the In-
let, which must, as pointed out previously, be
relatively large In order to permit a progressive
reduction of cross-sectional area throughout each
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duct of the impeller from the inlet 4 to the out-
let §. Although the said gradual expansion up
to the inlet tends to reduce some eddying and
turbulence, the total amount thereof Is smaller
than that which would result from shock in the
absence of the members 180 and of the Initial
constriction caused by the bulbous ends thereof
as stated above.

The preferred construction and disposition of
the bulbous members 1s shown in Figures 15 and
16 where the members 18 are formed as integral
extensions of the vanes, but they may be offset
as shown In Figures 7 and 8.

Referring to Figure 17—2I, 28, 27 indicate one
of the fixed vanes having a bulbous head 21 near
the inlet of the duct 23 which will operate In a
similar manner to that described above with ref-
erence to the bulbous members at the inlet of
the impeller. 24 Is the outlet of the duct 23,
which outlet 1s situated nearer the axis 20 of the
turbine than the inlet, 25, 25 are short fixed
vanes placed between the bulbous heads 2t, 21
of the full lenegth vanes, which vanes are of simi-
lar shape to the part 21 of the full length vanes
21, 26, 27, In the part 22 of the duct 23 which
part is near the inlet (and in the embodiment
shown is divided into two by the vanes 25, 25§)
the duct is eurved backwards, the direction of
rotation being shown by the arrow r. The change
of direction imparted to the liquid in the part
22 is the angle between the lines r and ¥ which
In the example shown Is about 60°. Thereafter
the duct is oppositely curved in such a manner
as to conform to what would be the direction
of flow of the liquid in this part of the turbine
before the turbine has begun to move if the part
of each vane from 26 to 27 were absent.

In the modified construction shown in Figure
{T¢, which may he more convenient to manufac-
tuce, the ducts are constituted by two series of
vanes, viz. an outer series 31, 31 and an inner
series 32, 32. The cuter series 31, 31 which are
situated near the inlet have g backwards curva-
ture and the inner series 32, 32 which extend to
the outlet are oppositely curved. The radial gap
hetween the series 31, 31 and the serles 32, 32 is
sufficiently small to avoid undue shock.

Referring to Figure 1 it wlll be observed that
the duets of the turblne ? extend throughout
almost the full radial height of the circuit.

Referring Lo Figures 18 and 19, 40 Is the outer
casing of the apparatus, 41, 41 are the delivery
ends of the vanes of the impeller, and 42, 42! and
43 are vanes of the turbine. In the embodiment
shown in these fieures the vanes 42! extend from
the inlet of the turbine to the outl:t, while the
vanes 42 are somewhat shorter but otherwise
similar, The vanes 43 are still shorter. 44, 44
are the ducis formed between the vanes 42!,
which ducts by reason of the curvature of these
vanes are hackwardly curved ncar the inlet and
thereafter oppositely curved up to the outlet.
The vanes 43 are similar to the vanes 25 of Flg-
ure 17 and the vanes 42! to the vanes 21, 26, 21
of Plgure 17.

Referring to Figure 20, which shows a modifi-
cation, { is the impeller, the construction of
which is the same as in Figures 1-16, but the tur-
hine now consists of two parts 2, 2 and the re-
action member 3 elso of two parts 3a and 3b,
the part 3a of the reaction member being In-
serted between the parts 2, 2! of the turbine
whilst the other part 3b is located between the
ouilet of the turbine and the inlet of the im-
peller, Referring to Figures 21 and 22, Figure
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21 shows the vanes of the turbine part 2! (Figure
20) and Figure 22 shows the inlet ends of these
vanes as well as a set of vanes 56 on the turblne
part 2. 50, 50 are vanes which extend from the
inlet to ihe outlet and which are shaped to form
between them the ducts 52 which are backwardly
curved near the inlet and thereafter oppositely
curved as in the previous construction. 51 indi-
cate short vanes simflar to the vanes 25 in Fig-
ure 17. As shown in Figure 22, the turbine has
a set of auxiliary ducts 55, formed between the
auxiliary vanes 56, preferably integral with the
turbine part 2, which ducts 55 and vanes 56 pre-
cede the main ducts 52 and vanes 50 that extend
throughout almost the full radial helght of the
clrcuit. The ducts 85 and the vanes 56 of the
auxlliary set are backwardly curved and are slt-
uated at a part of the circuit most remote from
the axis. The reaction due to the backwards
curvature of the auxiliary set of ducts assists to
rotate the turbine. The vanes of the part 3q
(Figure 20) of the reaction member are Inter-
posed in the space 5T between the auxiliary set
of turbine vanes 56 and the mailn turbine vanes

50, 51 and these reaction vanes are so curved as .

to deflect the flow of the liquid forwardly, 1. e.
te the same directlon as the direction of rota-
tion and consequently the backwards curvature
of the part near the inlet of the ducts 52 operates
as before to tend to rotate the turbine, notwith-
standing the presence of the preceding set of
backwardly curved suxiliary ducts 55. One or
more additional preceding sets of ducts and vanes
can be similarly added, with reaction members
between each set, {0 increase the starting effort
if this is desired.

Referring to Figure 20, the liquid enters be-
tween the turbine vanes 2 by the Inlets 2¢ and
leaves by the outless 2b, the turbine vanes being
so disposed that, as the liquid flows through, the
turbine tends to rotate forwardly and the direc-
tlon of flow of the liquid Is turned backwardly.
The liquid then enters between the reaction
vanes 3a by the inlets &4, the reaction vanes
(as shown at 60, 60 Figure 23) being so disposed
as to change the directlon of flow of the liquid
again to a forwards direction. The direction of
rotation of the impeller 1s shown by the arrow
§2, Figure 23. The reaction elements when oper-
ative are prevented from rotation in a backwards
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direction by any suitable means (not shown).
The liquid leaves ihe reaction vanes 3¢ by the
outlets 65 and enters between the turbine vanes
21 by the inlets 2¢, and leaves by the outlets 2d
and enters between the reaction vanes 3% (also
shown at 61, 61 Figure 23) by the inlets 48 and
leaves by the outlets 67, whence it passes into the
inlets 60 of the impeller {.

The turbine vanes 2! and the reactlon vanes
30 operate In a manner similar to that of the
turbine and reaction vanes 2 and 3a respectlively.

In the embodiment of the lnvention illustrated,
the average radial distance of the middle points
of the inlets 64, 66 from the axis of rotation,
Indicated by XX, is slightly greater than that of
the middle points of the corresponding outlets
65, 67 respectively.

The difference in the average radial distance
from the said axis of the middle polnts of the
inlets 64 and 66 and of the corresponding outlets
65 and 67, respectively, preferably {s such that,
when the apparatus is transmlitting the maxi-
mum available power at a torque ratio of 1 to 1,
the reaction vanes are driven or tend to be driven
hy the liquid In a forwards direction substan-
tially at the same speed of rotation as the tur-
bine,

In the embodimeant 1llustrated In Figure 24
the reactlon element 3¢ is rotatably mounted in
such a manner that it can rotate in a forwards
direction independently of the reaction element
3* but is prevented by the ratchet and pawl de-
vice 63 from relatlve rotation in a backwards
directlon. The reaction element 3® is prevented
from rotation in a backwards direction relative
to the flxed casing by any suitable means (not
shown).

The vanes of the reactlon member are formed
with bulbous members at the inlets as indicated
for example In Figure 1 and in Flgure 23 of the
accompanying drawings which wlll operate In a
similar manner to those described with reference
to the bulbous members at the inlet of the im-
peller.

The arrangement of the vahes and the relative
sizes of the varlous parts shown in the figures
have been found in practice to be satisfactory In
the application of the invention to an automoblle.

PIERO MARIANO SALERNI.





