Oct. 5, 1948. K. BAUMANN - 2,450,745

AXIAL FLOW COMPRESSOR .
Filed April 6, 1944

a ‘qu 4
S. .
g 19
A/ao <
W SKW
\ \ — T ‘e D
r R r AR
1 I
Fi61 B A hawh
| A 4 4 4
. "\})\\\\\ﬂ\)\\.\ s “\s\
e AP

h . |
P
SW |

; ;7//// 6 \\\ SD

» NY \\\ / N
f‘ }? &? 1.1-\- BA

N

N

77 81 N
il 2, //4 w % \\\
| "/, s ///I// ) I'* 'l

%

Floz —  pSIRT

INVENTORS

Aant
"Z(.,J Mokt Lecztsm

RTTORNEY



Patented Oct. 5, 1948

UNITED

2,450,745

STATES PATENT OFFICE

. 2,450,745
AXJAL FLOW COMPRESSOR.

Karl Baumann, Mere, Knutsford, En:hnd. as-
slmor to Metropolitan-Vickers Electrical Com-
-pany Limited, London, England, a oompmy of

Great Brltaln

Application April 6, 1944, Serial No. 529.802
- In Great Brltaln November 12, 194

Sectlon 1, Public Law 690, August 8, 1948 :
- Patent explres November 12, 19 oot

8 Cla.llns. (CL 230—-114)

1

This invention relates to axial flow air (or gas)

compressors, more particularly but not exclusively.

for use for propulsion such as of aircraft.
In axial flow compressors of the uni-rotational
type, that is to say having moving and stationary

blade rows, the rotational speed (revolutions per .

minute) which is permissible for a given mass
flow is limited by the “compressibility effects” ob-
tained, especially in the initial compressor stages.
Moreover, the difficulties arising from compres-
sibility effects decrease towards the high pressure
end by reason of the increased velocity of sound
resulting from the increase of the:temperature

of the air at the high pressure end of the com-

pressor. :
According to the present invention which en-
ables the rotational speed (revolutions per min<
ute) of the compressor to be increased for a given
rate of flow of air or gas mass, and consequently

the weight to be reduced not only of the com-

pressor but also of the turbine or other prime
mover driving it, the blade rows in the early or
inlet stages of the compressor, which in a normal
compressor would be stationary ones, are made to

rotate in the same direction as that of the rotor

" power is relatively small and the dlmensions of the

gears can be kept within reasonable limits. .
An important subsidiary feature of the inven-
tion is based upon the consideration that when the
compressor.forms part of an internal combustion
plant for propulsion of aircraft the compressi-
bility effects are particularly difficult to deal with
at high altitudes where, owing to the low air tem-

. perature, the velocity of sound is reduced. How-
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ever, for aircraft taking off and flying at low alti--
tudes the. thrust may be increased for a given
rotational speed by the provision of means
whereby certain of the initia]l blade rows con-
cerned in the present invention as above set forth
may temporarily be held stationary. Thus, if the

. rotational speed (revolutions per minute) of the
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but at a rotational speed less than that of the -

rotor. The relative velocities of the successive
early stage blades being thus reduced, so will also
be reduced the velocities of the air or gas relative
to the blades, with the result that the Mach
number is reduced,

In carrying out the invention. .some of the
otherwise normally fixed initial blading rows are

carried from an auxiliary rotor housed within the

normally stationary outer casing, the latter being
suitably modified as to its shape, and this auxil-

pldnt 1s limited by factors other than compressi-
_bility effects under these low altitude conditions

the speed reduction gear arrangement may be -
such that these initial stages are only permitted
to rotate at high altitudes where otherwise rea-
sonable. efficiency at full speed revolutions per
minute could not be reached as e result of com-
pressibility effects.

In carrying out this subsidiary feature of the
invention, the arrangement may be generally
similar to that set forth above in some detail,

- with the . exception that on the one hand the
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iary rotor is connected through any convenient .

form of speed reduction gearing with the full
speed main rotor of the compressor or with a part
rotating therewith. .In a convenient arrange-.
ment, the aforesaid auxillary rotor is mechani-

aguxiliary rotor is provided with braking means,
such as a band-brake around its. periphery,
whilst on the other hand the: internally toothed
ring engaged by the outer diameters of the planet
wheels is no longer fixed but mounted for free
rotation on the main rotor shaft. Moreover, this
internally toothed ring carries one or more rows
of blading which will be the initial blade row or
rows for the compressor, sald row(s) being solidly

" connected at the outer periphery, with an outer °
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cally and rigidly connected, preferably. through -

an added row of blades preceding the first ro-
tating row attached to the main rotor, to an inner
ring journalled on the main rotor shaft; this ring
carries a planetary shaft or axle, or preferably
several thereof distributed circularly around the

-~ axis of the compressor, for one or.respective.

planet wheels as the case may be, peripherally
engaging at a lesser radius a toothed wheel at-
tached to the main rotor shaft, whilst at a greater
radius the planet wheel(s) engage(s) with an
internally toothed stationary ring, the outer pe-
riphery of which may conveniently form part of

[
the inner wall of the air or gas passage at the inlet

end of the compressor. With this arrangement,
although power is transmitted through the planet
gearing from the low speed rotor - (auxiliary
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ring with which is associated further, and inde-
pendently operable, braking means, such as a
band-brake, With this arrangement in the case
where the conmipressor is employed in conjunction

.with internal combustion plant for propulsion of

an aircraft, for take-off and low altitude fiying
performance the first-mentioned brake is applied:

"to the auxiliary rotor whereby the initial row

or rows of compressor blading. is/are caused to
rotate at a low speed in the opposite direction to
that of the blading carried by the main rotor, the
second-mentioned brake being, of course, releas-

" ed; for flying at high altitudes the brake applica~

tion is reversed, whereupon the initial row or rows .

" of blading become stationary as does the internal- .

1y toothed ring connected thereto, while the aux-’

5 iliary rotor with its blade row or rows rotates in

the same direction as that of the main rotor and

at speed which is less than that of the main rotor.
In order that the invention may he fully une-

derstood, reference will now be made to the ac- -

rotor) to the main rotor, the a.mount ot this 60 companying diagrammat!c drawing, the two ﬂx— v
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ures of which are respective simplified seé,tional

views of the upper half of alternative forms of .

axial flow compressor constructed and arranged
in accordance with the invention and which are
such as may be used, with advantage, in con-
junction with internal combustion plant for ef-
fecting propulsion of aircraft, although also ap-
plicable for other purposes, like parts in the two
- figures, when referred to in the description, be-
ing indicated by like reference characters.

- In the form of compressor illustrated in Fig.
1, the main rotor comprises a hollow cylinder R
attached to, or at least solid with, a shaft RS
and carrying a plurality, in this case two, of rows
of blades rs, herein referred to as initial main
rotor blades in that they are disposed at the in-
iet end of the compressor, and being accordingly
low pressure blades, together with a plurality, in

The rotation auxiliary rotor may be threaded
over the main rotor in accordance with the ap-
plication of Joseph Stanley Hall, Serial No.

- 518,181, filed January 13, 1944,
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- this case five, of higher pressure rows of blades

r, of progressively lower mean diameter as is
customary. Surrounding the main rotor is &
stationary casing S carrying rows of high pres-
sure blades s for co-operating with the corre-
sponding main rotor blades r. This casing S ex-

tends axially beyond the main rotor cylinder R .

at the inlet end as shown Sp and is attached by
circularly distributed webs, one of which is in-
- dicated at g, to an inner disc SD supporting a
bearing B for the main rotor shaft RS. - The
. casing S will also provide a mounting for a bear-
" ing for the main rotor af the outlet or high
pressure end of the compressor.
Within the stationary casing S at the inlet
end of the compressor and just in- rear of the
‘webs ¢ which act as guides for the intake, there
is disposed a cylinder A, mounted for rotation
concentrically with the main rotor, and carrying
rows of blades a for co-operating with theé initial
rows of main rotor blades ro. In this case, the
cylinder A is attached by a further row of blades
" a@o, to an inner ring AR mounted on bearings BA
carried by the main rotor shaft RS. The inner

ring AR carries a plurality of axles, one of which’

is indicated at PS, extending parallel with the
axis of the main rotor and circularly distributed
therearound, each axle PS carrying a planet
wheel P. These planet wheels engage periph-
erally at a lesser radius with a toothed wheel
RW fast to the main rotor shaft RS and at a
greater radius with an internally toothed ring
SW which, in this embodiment of the invention,
is represented as being fast with the part SD of
the stationary casing. Conveniently a labyrinth
gland G is interposed between the auxiliary
rotor cylinder A and the interior of casing So
in order that substantially the whole of the air
or gas intake shall be constrained to pass be-
tween the co-operating main rotor initial blades
ro, and the auxiliary rotor initial blades ro, and
the auxiliary rotor blades ao, a.

With this arrangement, when the rotor shaft
RS is rotating, thereby to rotate the blades ro
and r carried thereby in a given direction, the
auxiliary rotor together with the blades ao and
a carried thereby will be constrained to rotate
in the same direction and at a rotational speed
which is less than that of the main rotor shaft,
alr or gas drawn into the compressor being acted
upon by the relatively rotating initial ' main
rotor blades ro on the one hand and the auxii-
fary rotor blades ao and a on the other hand,
and being further compressed by the action of
the higher pressure co-operating main rotor
biades r and main stator blades a before being
finally discharged from the compressor,
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The form of compressor llustrated in Fig. 2
is generally similar to that of Fig. 1 in that it
involves the provision, at the -inlet end of the
compressor, of an auxiliary rotor comprising
rotor cylinder A carrying blades a0, and a for
mutual reaction with an initial row of blades
ro carried by the main rotor cylinder R, and
whereof the blades a¢ connect said auxiliary
rotor cylinder R to an internal ring AR which
is journalled upon the main rotor shaft RS and
carries the axles PS for circularly-distributed
planet wheels P engageable at a lesser radius
with a toothed wheel RW fast with the rotor
shaft RS and at a greater radius with a toothed

ring SW. However, in this form of the inven-

tion the outer tooth&d ring SW is not fast to
the -stator casing SD as in the form of Fig. 1,
but is mounted through & bearing BA: on the
rotor shaft RS and is attached by blades a; to
an outer ring A;. Moreover, a band-brake A’
is provided for engaging the outer periphery of
the auxiliary rotor cylinder A and a band-brake
A’1 is provided for engaging with the outer
periphery of the ring A: which as deseribed, is
attached through blades a1 to the freely rotat-
able internally toothed ring SW.

‘With this arrangement, when the band-brake
A’ is operated accordingly to restrain the auxil-
iary rotor against rotation notwithstanding ro-
tation of the msain rotor, and with the band-
brake A’: inoperative, the blades a; will be ro-
tated in opposite direction to that of the main

rotor blades ro, with which they co-operate but

at .a rotational speed less than that of said
blades ro; in the case of & compressor embodied
in internal combustion plant for the propulsion
of an aircraft, this will be the condition estab-
lished at take-off and low altitude fiying. Con-
versely, with band-brake A’ inoperative and the
band-brake A’; operated to restrain rotation of
the bladed ring Ai, the initial blades ai will be
stationary whilst the auxiliary rotor blades ao

‘and a will be rotated in the same direction as

that in which rotate the main rotor blades ro,
r but at a rotational speed which is less than
that of said main rotor blades.

I claim:

1. A multi-stage axial-flow compressor com-
prising a stationary casing carrying a row of
blades and having an inlet at one end for the
admission of fluid, & main rotor housed within
the casing and carrying a row of blades for co-
operating with the stationary blades to increase
the pressure of fluid admitted at the inlet end
of the casing, an auxiliary rotor housed within
the casing at the inlet thereof at which fluid is
admitted and earrying a row of blades positioned
in advance of said row of blades on the main
rotor, and differential mechanism comprising two
sun wheels and a planet wheel intermeshing with

said sun wheels whereof one sun wheel is at- -

tached to, for rotation with, the main rotor,
while the planet wheel is rotatably mounted on
the auxiliary rotor, and means for restraining
the other sun wheel against rotation.

2. A multi-stage axial-flow compressor com-
prising a stationary casing carrying a row of
blades and having an inlet at one end for the
admission of fluid, a driving shaft rotatably
mounted in said casing, a main rotor attached
to said shaft and housed within said casing and

o
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earrying a row of blades for co-operating with
the stationary blades to increase the pressure
of fluid admitted at the inlet end of the casing,
an auxiliary rotor mounted on said driving shaft
at the fluid-admission end of the casing and
carrying a row of blades positioned in advance
of sald row of blades on the main rotor, a gear
vheel coaxially mounted on, and fast with, said
driving shaft, an internally-toothed gear wheel
coaxially mounted on said driving shaft, a planet
wheel meshing with said gear wheels and rotat-

ably carried by said auxiliary rotor, and means.
for restraining said internally-toothed .wheel "

against rotation.

3. A multi-stage axial-flow compressor com-
prising a stationary casing carrying a row of
blades and having an inlet at one end for the
admission of fluid, a driving shaft rotatably
mounted in said casing, a main rotor driven by
said shaft within said casing and carrying a row
of blades for co-operating with the stationary
blades to increase the pressure of fluid admitted
at the inlet end of the casing, an auxiliary rotor
mounted on said driving shaft at the fluid-ad-
mission end of the casing and carrying a row
of blades positioned in advance of said row of
blades on the main rotor, a gear wheel coaxially
mounted on, and fast with, said driving shaft,
an internally-toothed gear wheel coaxial with
said driving shaft and fast with the casing, and
a planet wheel meshing with said gear wheels
and carried on said auxiliary rotor.

‘4. A multi-stage axial-flow compressor ‘as
claimed in claim 3, wherein said internally-
toothed gear wheel forms an inner wall sur-
rounded by the casing to provide an annular
passage for admission of fluid. .

5. A multi-stage axial-flow compressor com-
prising a stationary casing carrying a row of

blades, & driving shaft rotatably mounted in said 4

casing, a main rotor attached to said shaft with-
in said casing and carrying a row of blades for
co-operating with the stationary blades to in-
crease the pressure of fluid admitted at one end
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axial with said driving shaft, a planet wheel .
meshing with said gear wheels and journalled on
a shaft carried by said inner ring, and means
for restraining said internally-toothed wheel
against rotation.

7. A multi-stage axial-flow compressor com-
prising a tubular casing having attached there- -
to a plurality of axially-spaced rows of blades, a
driving shaft rotationally mounted in said cas-
ing and having attached thereto a main rotor
carrying a plurality of axially-spaced rows of
blades for co-operating with the stationary blades
to increase the pressure of fluld admitted at one
end of the casing, together with an auxiliary
rotor enclosed within the casing at the end there-
of at which fluid is admitted, said auxiliary rotor
comprising an inner ring journalled on the shaft,
an outer ring and a plurality of axially-spaced
rows of blades carried by said outer ring for co-
operating with rows of blades on the main rotor
and of which one row is attached also to the
inner ring, g plurality of gear wheels journalled at

- circularly distributed locations on the inner ring,

o
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of the casing, an auxiliary rotor mounted on 45

said driving shaft at the fluld-admission end of
the casing and carrying a row of blades for co-
operating with the row of blades on the main
rotor, an externally-toothed gear wheel coaxially
mounted on said driving shaft, an internally-
toothed gear wheel rotatable coaxially with re-
spect to said driving shaft, a planet wheel mesh-
ing with said gear wheels and carried on said
auxiliary rotor, a releasable band-brake acting
on the outer periphery of the internally-toothed
gear wheel and a releasable band-brake acting
upon the outer periphery of the auxiliary rotor.

6. A multi-stage axial-flow compressor com-
prising a stationary casing carrying a row of
blades, a driving shaft rotatably mounted in
said casing, a main rotor rotated by said shaft
within sald casing and carrying a row of blades
for cooperating with the stationary blades to in-
crease the pressure of fluid admitted at one end
" of the casing and also carrying an additional row
of blades at the fluld-admission end of said main
rotor, a ring journalled on the shaft within the
casing at the end thereof at which fluid is ad-

mitted, an outer ring surrounding said inner:

ring and attached thereto by a row of blades
adapted to co-operate with the said additional
row of blades on the main rotor, a gear wheel
coaxially mounted on, and fast with, said driv-
ing shaft, an internally-toothed gear wheel co-
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a gear wheel fast with the driving shaff and
meshing at a lesser radius with the circularly
distributed gear wheels, and a gear wheel with
which the driving shaft is relatively rotatable
and which meshes at a greater radius with the
circularly distributed gear wheels, and means for
restraining the gear wheel at the greater radius
against rotation. ]

8. A multi-stage axial-flow compressor com-
prising a casing having attached thereto a plu-
rality of axially-spaced rows of blades, a driv-
ing shaft rotationally mounted in said casing, a
main rotor fast with said driving shaft and
carrying a plurality of axially-spaced rows of
blades for co-operating with the stationary blades
to increase the pressure of Juid admitted at one
end of the casing, an auxiliary rotor rotationally
mounted within said casing on said driving shaft
and carrying a row of blades for co-operating
with the end row of main rotor blades at the fluld-
admission end, a second auxiliary rotor mounted
within said casing at the fluid-admission end
.and journalled on said driving shaft independent-
ly of the first-mentioned auxiliary rotor, and car-
rying a row of blades, a differential gear mech-
anism connecting sald driving shaft with said
second auxiliary rotor and the differential ele-
ment of which is connected to the first-mentioned
auxiliary rotor, a band-brake peripherally en-

. gageable with said first auxiliary rotor and a
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‘band-brake peripherally engageable with said sec-
ond auxiliary rotor. .
EKARL BAUMANN.
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