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3 Claims.

The present invention relates to machines
such as blowers, compressors or the like wherein
power is utilized to increase the pressure of a
fluid. The invention is particularly concerned
with the helical or helico-centrifugal type of such
machine, that is, one wherein the fluid flow is
purely helical or helico-centrifugal, and com-
prises an improved machine which has a high
eficiency and which includes means for regulat-
ing the generated pressure differential while
maintaining constant the rotational speed. In
accordance with the invention, the new machine
may deliver either a variable or a constant weight
of fluid per unit of time as desired.

The new machine is characterized by the pro-
vision of grids of vanes which are orientable
around axes disposed normally to the rotational
axis of the machine and in the radial direction
therefrom in combination with helicoid fans of the
classic type, the. number of fans and the number
of vanes and their particular shape depending
upon the particular use to which the machine is
to be put. There may be the same number of
grids of radial orientable vanes as there are heli-
coid fans constituting the rotatable blades of the
machine, or the numher of grids may be more
or less than the number of fans, according to the
amount of power to be transmitted to the fluid and
the pressure differential to be created.

The principle of the invention may be applied
to a wide variety of helical or helico-centrifugal
machines. As a particular example, the invention
will be described as embodied in compressors suit-
able for supercharging aircraft engines.

For a better understanding of the invention
reference may be had to the accompanymg draw-
ings, of which

Fig. 1 is a sectional view throuxh an axial flow
compressor constructed according to the inven-
tion;

‘Figs. 2 and 3 are vector diagrams explanatory of
the theory of the invention; and

Fig. 4 is a sectional view through a hehco-cen-

trifugal flow compressor illustrating another em-

bodiment of the invention.

In PFig. 1 is shown a compressor having three
helicoid fans i, 2 and 8. The particular number
of fans is immaterial as a greater or fewer num-
ber could be employed. In this particular em-
bodiment of the invention the fans are mounted
on a shaft § and secured thereon by a nut 4;-the

" shaft being mounted in bearings 6. In accordance
with the invention a plurality of grids of orien-
table vanes 1, 8, 8 are carried by shafts 7', 8’ and
¥ which are rotatably mounted in the casing
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10 of the compressor. The number of these grids
of vanes can be varied, depending upon the de-
sired difference between the minimum and maxi-
mum pressure to be created. Any suitable means
may be provided for orienting the vanes about
their axes. As an example, in Fig. 1 the ends of
the shafts 1, 8’ and 8’ beyond the casing 10 are
shown as secured to levers ({, {2 and 13 respec-
tively, the levers carrying pins (4, (5 and {6
which pass through apertures in rings 17, 18 and
19 respectively. Thus, rotational movement of
ring 171 about the axis of the compressor effects
rotation of vanes T by turning levers {1, and sim-
ilarly rotation of rings (8 and 19 rotate vanes 8
and 8 respectively. The rings {1, {8 and {9 may
be rotated separately or together, as desired; suit-
able linkage being provided to connect the rings
together for their appropriate movement and ac-
cording to the relationship to be established be-
tween the angular displacement of the vanes 1,
8 and 9 around their respective axes of oscilla-
tion. For example, if it is desiried to obtain equal
angular movements of the three vanes, the rings
17, 18 and i9 could be made of a single piece,
movement of which would give an equal rotation
to the levers (I, {2 and 13, If, on the contrary,
it is desired to have unequal angular displace-
ment of the vanes, rigid linkage could still be pro-
vided between the rings, the levers being made .
with unequal lengths and different orientation, or,
as shown, a bar 23’ having longitudinal slots for
reception of the pins 14, I5 and 16 could be piv-
otally mounted on the casing 10 for simultaneous
unequal rotation of the vanes upon bivotal move-
ment of the bar by a handle 28. The rings could
of course be kept independent of each other and
any suitable means provided for establishing an
appropriate mutual relationship between the grids
of vanes. Instead of the particular mounting of
the vanes illustrated, suitable gears, racks, cams
or the like could be employed.

In operation of the machine of Fig. 1, the gas
to be compressed reaches the compressor from
the collector 20 and passes at first through the
grid comprising the orientable vanes 1. The pas-

- sage through the vanes communicates a kinetic
. momentum to the gas depending upon the orien-
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tation of the vanes. . The gas is then acted upon
by the fan { which modifies the kinetic momen-
tum of the gas and increases the pressure of the
gas. The gas in passing through the vanes 8 and
the fan 2 and thereafter through the vanes 9 and’
the fan 3 is similarly operated upon by the re-
spective vanes and fans.

Euler’s relation connecting the power W fur-



nished by the fan to the fluid, the flow of weight
of the gas per unit of time being I, may be writ-
ten— :

W—%(cnawcwo)

in which ¢ denotes the tangential speeds of the
fan and a the projections of the absolute speed
of the fluid on the tangential speeds, the index 0
corresponding to the inlet and the index 1 to the
outlet of the fan. )

In a purely axial machine such as is represented
by the structure of Fig. 1, the movement of the
different stream-tubes is parallel to the axis and

consequently, as the inlet radil are same and the

angular velocity is constant, the tangential speed
at each considered radius will be constant,
hence—

a.nd( thei-etore- ‘
Wee(o~a0)

It we consider the phenomenon occurrlxig_ at the
first couple formed by the orientable vanes 7 and

fan | when traversed by a fluid, and i we assume -

‘that the angular velocity and the flow of mass per
unit of time I, are kept constant as indicated
hereabove, then according to the orinetation given
by the levers If to the blades constituting the
vanes 1, the absolute speed of the fluid leaving
the vanes and entering the first fan 1 will be more
or less inclined with respect to the plane normal
to the rotating axis of the compressor; it may
be directed in the direction of rotation or in the
opposite sense. For simplicity, let us neglect the
case when the absolute speed Ao is directed in an
opposite sense to the rotation of the machine but
both theoretically and practically this case can
not be excluded and may be used in certain spe-
cial conditions. We thus suppose Ao is directed
so that its projection ao on the tangential speed
¢ of the fan is in the same sense as ¢ as shown
in the vector diagrams Figs. 2 and 3. In Fig. 2
the projection of the vector Ao on the vector ¢ is
indicated as @o. Re represents the relative speed
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Thus variation of orientation of the vanes 71
simultaneously varies in the same direction the
power transmitted to the fluid and the theoretical
elevation of pressure. This is true within extend- °
ed limits, depending only ‘on the aerodynamical
properties of the grids of vanes formed by the
vanes 7 and fan { which are chosen according
to the properties to be achieved. The succeeding
couples comprising the grid of vanes 8 and fan 2
and the grid of vanes § and fan 3 function in an
analogous manner to that above described in con-
nection with vanes 7 and fan | and generate re-
spectively pressures of H: and Hi. = The total
theoretical increase in pressure H, créated by the
machine is thus— .

H=H14-H3+H3
same way as the ‘tota.l power
W=W1+Wai+W;

transmitted by the fans to the fluid.
It 1s obvious from the foregoing that me may,
without departing from the spirit of the inven-

and varies in the

- tion, design a machine having any number of
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fans and orientable vanes. Instead of all of the
vanes being orientable some could be fixed ac-
cording to the known techniques of the axial poly-
cellular compressors if the difference between the
minimum and maximum pressure generated does
not require all the grids of vanes to take part
in the regulation of the pressure. In this way
the machine may be simplified but at the cost of
a lowering of the efficiency of the machine for
when fixed vanes are substituted for orientable

5 vanes it is necessary to increase the change in

the inclination of the other vanes to obtain the
same variation in the total generated pressure dif -
ferential. : o '

- I it i3 desired to permit a variation in the mass

40 of fluld passing through the machine per unit of

of the fluid at the inlet of the fan. A, projected -
as a1 on the tangential speed ¢, and Ri are the .

absolute and relative speeds of the fluid at the
outlet of the fan. We see that the difference
G1—de of the projection on ¢ at the inlet and out-
let of the fan is equal to mn. The power trans-
mitted to the fluid is thus proportional to the
product of mn and the speed ¢. If we change the
orientation of the vanes 7, for example if we turn
them nearer to the normal of the plane of the
speed ¢ 5o that we increase the angle of the new
absolute speed A’o with ¢, we obtain the diagram

of Fig. 3 where the component of A’y normal to c,-

which represents the axial speed of the fluid,
keeps the same value as in Fig. 2 in accordance
.with the assumption that the mass of fluid per
unit of time is constant. The new projection a’o
is much less than the value ao, thus mn’ is much
greater than mn and the power transmitted to
the fluid which is proportional to ¢x mn’, will

=t
Wl

time and also permit variation in the pressure
while the rotational speed is constant, the present
Invention permits this to be achieved by dispos- -
ing at the outlet of the last fan a supplemental
grid of orientable vanes the influence of which on
the mass of fluid being the more important as
the number of vanes is decreased. :

In Fig. 4 the invention is illustrated as em-
bodied in a helico-centrifugal compressor having
two axial fans la and 2¢ and a centrifugal im-
peller 3a discharging through diffuser vanes 21
into the scroll 22. - Instead of the inlet scroll 20
of the embodiment of Fig. 1, T have shown an
axially arranged air intake 20z which is a more

5 efficient form for the intake of large air flows.

The vanes Ta, 8a and 9a are mounted like vanes
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be greatly increased as will also be the generated .

pressure. )
If we denote by H: the theoretical increase of

bressure of the fluid, we have
I. - H;=W=;IX0>< mn
or

Hy -%Xm'fu
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7, 8 and 9 of Fig. 1 for oscillation about their re-
spective axes, except that levers 3a coupling ring

19a with vanes 8¢ are shown as relatively shorter

than levers {la and [2a, whereby for equal rota-

.tion of the rings 11a, 1 8a and (9a, as by the bar

23 secured to the ring 184, and having slots 25 for.
reception of the pins (4a and {6a, vanes 9a will
be given greater angular rotation than vanes
Te and 8a. The arrangement of Fig. 4 of axial
fans la and 2a with the radial impeller 3a gives
increased pressure ratio for a given speed and the
multiple sets of orientable vanes in between the
different fans permit large variations in the gen-
erated pressures and may permit, in some cases,
a reduction in the number of fans employed. The
machine of Fig. 4 constitutes a compressor of the
helico-centrifugal type with an adjustable pres-
sure regulated by a set of vanes situated solely in
the axial part of the machine. -
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The present invention applies to any type of
machine of compression, displacement or eleva-

tion of fluid such as ventilators, blowers, com-:

pressors, pumps, etc.

I claim:

1. A machine for increasing the pressure of a
fluid, comprising in combination a casing, a shaft
rotatable therein, a plurality of helicoid fans
mounted on said shatt, grids of vanes carried by
the casing and each positioned upstream of one of
said fans, and means accessible from without
said casing for simultaneously oscillating the
vanes of each of said grids through unequal an-
gles about axes radially disposed with respect to
the axis of the shaft.

2. A compressor or the like comprising in com-
bination a casing, a plurality of helicoid fans and
a helico-centrifugal fan mounted for rotation in
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the casing about a common axis with the helico-
centrifugal fan comprising the last stage of the
compressor, grids of vanes cooperating with said
fans in the passage of fiuid through the compres-
sor, each grid being positioned upstream of one of
said fans, and means accessible from without
said casing for oscillating the vanes of each of.
said grids about axes radially disposed with re-
spect to the common axis of rotation of the fans.

3. The combination according to claim 2 where-
in said last mentioned means are operable to
simultaneously oscillate the vanes of the grids
upstream of the helicoid fans through equal an-
gles and the vanes of the grid upstream of the
helico-centrifugal grid through relatively greater
angles.
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