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HYDRAULIC POWER TRANSMISSION
APPARATUS

Piero Mariano Salerni, Cox Green, near Maiden-
head, England; vested in the Alien Property

Custodian

Application Aled April 8, 1939

This invention relates to hydraulic power trans-
mission apparatus of the kind in which an im-
peller or driving member having ducts between
vanes drives a turbine or driven member by
means of liquid, and in which the torque im-
parted by hydraulic means to the turbine 1s or can
be substantially greater than that imparted to
the impeller whereby transmission of power may
be effected by hydraulic means at a torque ratio
or ratios substantially greater than the ratio of
1 to 1 independently of any assoclated mechani-
cal change speed gearing. This invention Is con-
cerned with the design of the impeller.

According to this invention the impeller has
ducts, whose outlets are situated in the outer
part of the circuit (i. e. in that part of the cir-
cult in which the direction of flow has an axial
component and which is more remote from the
axis of rotation than the parts whereln the direc-
tion of flow Is radial) and of which ducts at
least a substantial part Is so constructed that the
flow of the lquid therein remains stable (1. e.
without objectionable eddles or turbulence) at
the velocities obtaining during transmission of a
substantial proportion of the full power for which
the apparatus is designed at a torque ratio higher
than 1 to 1.

Such a construction gives Increased efficiency
of transmission. The greater the length of the
part so constructed the higher will be the effi-
ciency and in any case such part must be sub-
stantial, i. e. long enough to give, in any par-
ticular apparatus, the required degree of effi-
ciency.

In order that the flow in a duct or a part
thereof shall tend to remain stable, its cross sec-
tional area must be progressively reduced in the
direction towards the outlet and it must he non-
divergent (i, e, any normal cross section if super-
imposed on any hormal crosg section more re-
mote than itself from the outlet will not overlap
the same) or nearly so. The degree to which
divergence can be permitted without causing the
flow to become unstable depends upon the size
and capacity of the apparatus and the nature of
the llquid employed.

Preferably the ducts of the impeller are made
non-divergent up to or nearly up to the outlet
and preferably from a point at or near the inlet,
and preferably the cross sectional area Is progres-
sively reduced throughout such length,

The cross sectional area may be made to de-
crease in the case of & tetragonal duct elther
by causing both pairs of opposite walls to con-

verge or by keeping one palr parallel and caus- ¢
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ing the other pair to converge. If the liguid used
has a high viscosity, e. g. as in the case of com-
mon engine lubricating oll, if one pair of oppo-
site walls has a convergence of 5° while the other
pair remains parallel, a substantial advantage is
ohtained. Up to a limit (which 15 at least 15°)
the greater the degree of converge:ace the better
will be the result.

The construction of the apparatus itself im-
poses limits to the possible amount by which the
cross sectional area can be reduced towards the
outlet. Thus the outlet must not be unduly con-
stricted as otherwise the liquid will not be able
to circulate sufficiently freely to transmit power
efficiently. Moreover, the permissible largeness
of the Inlet is limited by considerations of the
design of the circuit, since there must not be
inordinate discrepancies in size between the di-
menslons of the channel through which the liquid
1s delivered to the impeller and the Inlet of the
impeller.

In the preferred construction the ducts have
their outlets at the part of the circult furthest
away from the axis of rotation, so that the liquid
issues therefrom in a direction having no radi-
al component. In the preferred construction the
ducts extend throughout practically the full ra-
dial dimension of the circult and are curved also
towards the inlet. The radius of the outside
curve preferably at no point exceeds abeut twice
the radius of the inner curve as otherwise there
might be a tendency to eddying and turbulence
from this cause. This requirement also, therefore,
imposes & limit on the permissible largeness of
the inlet.

The reduction of cross-sectional area toward;
the outlet s preferably as great as possible con-
sistent with the above considerations.

The inlet and outlet of each duct are prefer-
ably substantially tetragonal, but from the inlet
towards the middle portion of the duct the cor-
ners are preferably progressively rounded and
the duct is preferably made again progressively to
approach the tetragonal form towards its outlet.

Of the non-divergent part of each duct that
portion which les nearer to the inlet can be made
non-divergent by progressively thickening the
vanes of the impeller (1. e. the parts forming the
walls separating a duct from adjolning ducts) in
the direction towards the outlet. The vanes can
be made Integral with the impeller but it is con-
venient to make them separately and to assem-
ble them upon the body of the impeller. Prefer-
ably the cross-sectlonal area Is simultaheously
progressively reduced and preferably this is ac-
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complished by causing the remaining 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 Issuing
from the adjoining ducts without objectionable
eddying or turbulence. In order to achleve this
the thickness of the vanes must be progressively
decreased towards the outlet. This can be ac-
complished, while maintaining non-divergence,
by turning the vanes as they approach the outlet.
The turn must be backwards relative to the direc-
tion of rotation. Preferably this backwards turn
takes place only in that portion of each duct of
the impeller which lies in the outer part of the
circuit and preferably in that portion the turn
is sufficlent to cause the walls constituted by the
vanes to converge. Preferably the vanes are
radially disposed elsewhere. Ii will be under-
stood that the extent to which the vanes are
turned hackwards must not be so great that
power Is no longer efficlently transmitted (the
optimum angle to which the vanes are turned
relative to the direction of rotatlon usually lies

between 30° and 60°) and therefore if the vanes -;

are turned backwardly much before they ap-
proach the outlet of the ducts, since the thickness
of the vanes can only be got rid of without diver~
gence by further backward turning, the oppor-
tunity for so dolng is correspondingly reduced.

The accompanylng drawings show a typical em-
bodiment of the invention.

Figure 1 is a side view of the liquid circuit.

Pigures 2, 3, 4 and 5 are cross-sections of a

duct on the lines of A—A, B—B, C—C and D—D

respectively of Figure 1.

Figure 6 shows the cross-sectional areas of the
duct sections of Pigures 2, 3, 4 and 5 superim-
posed.

Pigure 7 is a development of a vane on the line
X—Y of Pigure 1.

Flgure 8 i3 a development of ohe duct on the
line X—Y of Figure 1,

Pigures 9, 10, 11, 12, 13 show the cross-sectional
area of the duct on the lines d—d, ¢—¢, b—b,
a—a and e—e of Figure 8, which correspond to
the lines D—D, C—C, B—B, A—A and the out-
let, respectively, of Figure 1,

Figure 14 shows the cross-sectional arcas of the
duct sections of Figures 9, 10, 11, 12 and 13 super-
imposed,

Figure 15 is a development of a vane having an
extension at the Inlet.

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

In PFigure 1, | is the impeller with which alone
thls Invention is concerned. 2 is the turbine and
3 is the reaction member, When the impeller |
is rotated by any prime mover, liquid flows there-
in by centrifugal action from the inlet 4 thereof
to the outlet § thereof whence it is discharged Into
the inlet of the turbine through which it flows
in a radially inwards direction imparting rota-
tional movemnent thereto. The outlet is situated
in the outer half of the ecircuit, i. e. on that side
of the line B—B which ig remote from the axis of
rotation.

The outer 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 11, 12, 1
and 9 are rivets securing these vanes to the mem-
bers 9, 10.

At the Inlet (Figure 5) the vanes are thin and
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the cross-sectional area of the ducts of the im-
peller is at a maximum. The thickness of the
vanes Is thereafter progressively Increased as
shown in Plgures 4, 3 and 2 50 as to maintain the
walls of the ducts formed by the vanes (f and
12 non-divergent, notwithstanding that the vanes
are extending radlally outwards from the axis
of rotation. The walls 9 and 10 are progressively
brought closer together to reduce the cross-sec-~
tlonal area, the helght of the vanes being accord-
ingly reduced. PFigure 6 shows the successive
cross-sectlons of the duct super-imposed and it
will be geen that the side walls remain the same
distance apart while the top and bottom walls
are converging. ‘The vanes have been thickened
a8 shown in Figure 7 from the point {3 at the Inlet
to the point 14 corresponding to the line A—A of
Figure 1.

Thereafter from the point 14, the vane s
turned backwards towards the outlet so that the
thickness of the vane may be progressively re-
duced while the duct remsains non-divergent as
shown in Figure 8. In the embodiment illus-
trated, in the latter part of each duct, 1. e. from
the line a-—a (Figure &) to the outlet, the sides
of the duct constituted by the vanes converge (the
backwards turn belng sufficient for this purpose)
and the walls of the duct formed by the members
9 and 10 are maintalned parallel.

The vanes are progressively rounded as shown
at 16 (Figure 4), 16 (Figure 3), and 17 (Figure 2)
in order that the duct which Is 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 llhe e—e of
Flgure &. One side of the outlet is constituted
by a part of a vane which ls some distence from
the tip and is still somewhat rounded, while the
other side is constituted by the tip of a vane
which has there ceased to be rounded.

The radius of curvature of the part § should
not be more than asbout twice the radius of cur-
vature of the part (0.

In order to avoid or decrease losses due to shock
at the Inlet the latter is preferably disposed at a
little distance from the discharge outlet of the
member through which the liquid has passed
previously to entering the impeller and members
18 (Figures 7, 8, 15 and 16} are placed at or near
the inlet in fixed relation to the vanes of the im-
peller. These members are of bulbous formation
as shown and are shaped so as rapidly to con-
strict the space through which the liquid must
pase before entering the inlet, i. e. from 20, to 21,
and thereafter to provide a gradual expansion
of such space up to the inlet, which must, as
pointed out previously, be relatively large in order
to permit a progressive reduction of cross-sec-
tional area throughout each duct of the im-
peller from the inlet 4 to the cutlet §. Although
the said gradual expansion up to the inlet tends
to Introduce some eddying and turbulence, the
total amount thereof is smaller than that which
would result from shock in the absence of the
members 1§ and of the {nitial constriction caused
by the bulbous ends thereof 23 stated above.

The preferred form is shown in Figures 15 and
16 where the members (9 are formed as integral
extensions of the vanes, but they may be offset
as shown in Figures 7 and 8.
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