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The Invention relates to a gas turbine with
partial admission, more particularly axial ad-
mission, the turbine heing operated by combus-
tion gas or exhaust gas. According to the in-
vention the gas turbine is so constructed that
the rotor blades to which driving gas is not ad-
mitted are exposed and the surrounding air passes
between them for cooling. In other words that
section of the rotor blades to which driving gas
is not admitted is not separated from the sur-
rounding atmosphere by a closed housing, with
the resuvlt that there is a considerable coolineg,
particularly of the inlet edges of the blades, both
by thermal conduction as well as by thermal ra-
diation.

In many cases, for example if the conditions
under which the machine is incorporated make
it appenr desirable, an inlet chamber to which
the outer air flows through a pipe may be ar-
ranged in front of the blades to which air is ad-
mitted or in front of the guide blades arranged
in front of said rotor blades. To avoid an unbal-
anced heating and distortion, & number of sectors
to which air and gas is admitted or a number
of inlet chambers traversed by cooling air and
driving gas, which chambers may perhaps not be
directly connected together, may be so arranged
that cold sectors and warm sectors are each ar-
ranged opposite one another in palrs.

In many cases the movement of the air oc-
casioned by the rotating rotor blades will be suf-
ficlent for cooling the rotor blades. If the effect
of this movement of the air should not be suf-
ficient, it 1s possible to occasion or augment the
air current for cooling the blades in a simple
way with small power congumption.

Particularly favourable conditions are ob-
tained when utilising the invention in the pro-
pulsion of vehicles. The power required for driv-
ing vehicles is usizally small in comparison with
that needed In power stations and other station-
ary Installations, This makes it possible to have
a small heat drop which can be handled in one
pressure stage with one or more speed stages
and with small quantities of gas, i.e. with a small
degree of admission. According to the inven-
tion, with 30% admission for example, 70% of
the rotor blades are constantly traversed and
cooled by the considerable relative wind or by the
air stream behind the existing propeller or the
propeller incorporated specially for this pur-
pose. This cooling is incidental to the drive either
indirectly due to the forward movement of the
vehicle or directly due to the driving propeller
and it only increases the total power required to
a gmall extent. In the case of an exhaust gas
turbine this small increase in the power con-
sumption has moreover to be met not by the
turbine but by the motor.

If the cooling air flows in the manner de-
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scribed through a pipe, then the outer end of this
pipe may be hent in the direction of travel, i.e.
in the cpposite direction to the relative wind, in
order tp increase the pressure in this pipe.

The invention is particularly suitable for tur-
bines with axial admission as here the alr cur-
rent can flow directly through the spaces between
blades without deflection. In sddition there is
the fact that, assuming equal loads, turbines with
axial admission can be designed for higher pe-
ripheral speeds than turbines with radial ad-
mission, so that the former permit a partial ad-
mission even with larger output with correspond-
ingly larger heat drop and blade length.

The heat exchange between gas and blade and
between blade and air becomes so favourable on
the basis of the invention that it is possible to
have high final temperatures of the expanded
gas without damage to the inlet edge of the rotor
bledes, which is particularly llable to damage, or
without reducing the solldity thereof to an un-
allowable extent.

In crder to improve the cooling, the air cur-
rent flowing between the blades of the rotor can
be occasioned or augmented by a guction towards
the cutlet end of the turbine. In the case of
an open housing, even without the above-men-
tioned flow due to the relative wind, such a suc-
tion can occasion & cooling admission of the
outer atmosphere and can be produced in various
ways by means of the energy still eontained in
the exhaust gas when it emerges from the tur--
bine wheel. It can for example readily be oc-
casioned by a ring of blower blades arranged he-
yond the guide blades, Such a ring of blades
may for example he mounted on the hub of the
wheel or on the turblne shaft by means of roli-
ing or sliding bearings, more particularly with an
overhung wheel arrangement. Over the are to
which gas is admitted, the blower blades may for
example be driven by the exhaust gas and the
remaining arc can be utilised for producing the
cooling current. If the blower is driven In the
opposite direction to the turbine wheel, then the

5 centrifugal moment of the turbine shaft is cor-

respondingly reduced. The current of cooling
air at the arcuate section where gas is not ad-
mitted is drawn by the blower against the tur-
bine blades or through the blade passages, a
funnel shaped inflow housing or a pipe as de-
scribed above being provided if desired. If the
peripheral speed of the blower blades is In the
opposite direction to that of the turbine wheel,
then its blades have an elongated section which,
while affording simplicity in manufacture, corre-
sponds approximately to that blade form which
is necessary for producing the suctlon action at
the arcuate section to which gas is not admitted.

The blades can be produced in a simple way
by making radial incislons in a wheel In such
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manner that the blade plates left standing be-
tween the incislons assume the desired angular
position after suitable twisting. If it appears ad-
visable to alter the gutlet angle relatively to the
inlet angle, then this can readlly be done by
bending the blades about a radial axis.

In order to obtain a favourable utilisation of
the energy of emergence of the gas, guide blades
may be provided between turbine and hlower
blades, {n which case for example the gulde de-
vices arranged {n the arcuate section where gas
is admitted may be so constructed that they {m-
part to the gas as large a peripheral component
as possible, whereas the guide devices through
which air flows may for example reduce the pe-
ripheral component to deflect or retard the air
current.

At the outside it is advisable to dlspose & com-
mon statlonary cover ring about the turbine and

blower blades with the smallest posstble radial :

clearance, In some circumstances guide devices
(e. g. guide wheel, guide ring or spiral housing)
may be provided at the front of the turbine wheel
in stich & manner that the cooling current en-

counters the blades in that direction which 1Is -

most suitable for good cooling and small losses.

If the gulde blades direct the cooling current as
far as possible into the direction of rotation of
the turbine wheel then the losses become least.
It 13 particularly favourable (above all in the
case of exhaust gas furbines) that with high
speed of inflow of the cooling alr and particu-
larly at small peripheral speeds of the wheel the
admission of cooling air not only can produce no
losses but can even result in an inerease in the
output of the turbine. If on the other hand the
cooling current is directed agalnst the direction
of rotation, then due to the augmented impact
there is an increased transfer of heat whereby the
cooling action is augmented. More particularly
when employed In aireraft and vehicle construc-
tlon the guide devices may be adjustably ar-
ranged In known manner in order to be able to
alter the angle of incldence in accordance with
different peripheral speeds.

The air which otherwise has to be accelerated
by the blades ¢can be set In movement by the In-
flow and the suction so that in many cases the
losses are constderably reduced.

If on the outlet side, statlonary guide devices
(e, g. guide wheel, guide ring or spiral housing)
are arranged at an acute angle to the direction
of rotation In place of the blower blades (or in
addition thereto behind them as described above,
or in front thereof), then in this way the air can
be deflected and retarded and thus by & diffuser
actlon a reductlon In pressure, 1. e. a suction
actlon, can be exerclsed In front thereof. With
increasing magnitude, the suction action can re-
duce the air resistance of the parts to which the
alr stream is admitted and finally can assist in
the forward drive.

Finally the turbine blades themselves can be
50 constructed that they exercise a blower action
over that arcuate portion to which gas Is not ad-
mitted.

By sultable construction of the profile of the
rotor blades it is possible for example t0o ensure
that the resistance to the flow of alr through the
blades is reduced to a minimmum even If {t is not
possible to obtain a conveyance of air after the
manner of ah axial blower due to the fan action.
As shown In Fig. 10 and due to the small abso-
lute speed of Inflow of the air, the air current en-
counters the back of the turbine blades at a
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more or less flat angle varying with the periph-
eral speed. With a normal substantially sym-
metrical profile of the turbine blades of a con-
stant pressure turbine there is an abrupt break
In the flow beyond the Inlet edge as Indicated in
Fig. 10. By a non-symmetrical construction, 1. e.
by arranging the chord folning the ends of the
profile at an acute angle, it is possible—more par-
ticularly If the inlet edge is also rounded off—to
obtain a flow free from losses with smaller de-
flection and smaller interruption In flow beyond
the Inlet edge as shown in Fig. 11. It Is also de-
sirable to round off the inlet edge of the blade he-
cause with {ncreasing radlus it i1s better possible
to avoid local overheating and fracture. Prefer-
ably the radius of the inlet edge is made larger
than 0.3 mm. Also, Increasing the radil of cur-
vature of the lines of flow in the blade channel
has a similar favourable action.

According to the Invention, therefore, with air
cooling of the blades, it is proposed to employ
large radii of rounding off for the inlet edge of
the blades amounting for example to more than
0.3 mm. and to make the angle « (Fig. 11) be-
tween the chord jolning the ends of the profile
and the plane of the wheel smaller than 80°,

A further reduction of the losses for the in-
cident flow against the backs of the blades and
an Increase in the blower actlon can be obtained
by increasing the spacing of the vanes. The
danger of an inadequate deflectlon of the lines
of flow at the arcuate portion to which gas 1s ad-
mitted, 1. e. a reduction of the peripheral compo-
nent at the outlet due to excessive spacing with
resultant absence of adequate guldance of the
flow, can be counteracted by making the outlet
angle of the blades corresponding to anh efflux an-
gle smaller than corresponds to the desired di-
rection of outlet.

In accordance as to whether 1t is more import-
ant to have a small fue] consumption (e.g. air-
craft with large range) or to have a smail welght
of machine per H.P, (aircraft for sport and for
fighting purposes) the exhaust gases together
with the kinetie energy still available therein can
be directed through a preheater for the combus-
tion air or can be allowed to escape directly into
the atmosphere. The high temperatures and
speeds of flow of the exhaust gases are very
favourable for the transfer of heat in the pre-
heater and reduce its weight.

The above described principle of cooling can be
utllised for fresh gas turbines as well ag for ex-
haust gas turbines, The proposed method of cool-
ing can aiso be employed for steam turbines em-
ploying considerable superheating.

Certaln embodiments of the Invention are
shown by way of example in the accombanying
drawings, in which Fig. 1 is a side elevation in
partial section of a fresh gas turbine for driving
the propeller of an aeroplane,

Fig. 2 shows on a smaller scale a front view of
the arrangement of Fig. 1 showing more particu-
larly the relative positions of the housing and of
the gas turbine rotor as well as by way of example
the section of the rotor to which the gas is ad-
mitted,

Fig. 3 shows ancther embodiment in which the
compressor lles In front of the turbine, which for
g:ltl:,mp]e. can be regarded as an exhaust gas tur-

e,

Pig. 4 is & corresponding end view. The cool-
Ing air 1s introduced through two pipes, the outer-
tI;nOSt]ends of which are bent into the direction of
ravel,
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Pigs. 5, 6 and 7, show diagrammatically three
views of a further arrangement in which a par-
ticularly good cooling Is obtained by arranging the
turbine rotor at the front of the vehicle, e.g. body
or wings of an aeroplane). Here the entire rotor,
apart from that part to which gas i1s admitted, Is
exposed to the relative wind which has a cooling
action, The gas flows from two conduits or
burner chambers to the gas nozzles which are
arranged opposite one another in two sectors. In
Fig. 5 a boundary In the form of a Townend
ring is provided in addition to the rotor blades.
The guide blades are in addition shown behind
the ring. The direction of travel is indicated
by the arrow a.

Fig. 8 shows the arrangement of various guide
devices, namely guide blades arranged in front
of the ring of turbine blades, some (shown in
full lines) directing the current of cooling air in
the opposite direction to the direction of rotation
and others (in dotted lines) directing the cooling
air Into the direction of rotation. Indicated in
dotted lines between turbine and blower blades
are guide blades which can be arranged on the
inlet side so as to Increase the tangential com-
ponent, and shown in full lines are guide blades
which are adapted to reduce the flow of the cool-
ing air before reaching the blower blades. Guide
blades provided in place of the blower blades or
arranged behind them would have a similar ap-
pearance. In each case the arrows indicate the
direction of movement of the turbine and blower
blades.

Fig. & is a view in the radial direction of the
development of the blower blades showing the
acute angle g at which the disc is cut and the
larger angle « obtained by twisting the guide
plates Ieft hetween the cut portions. The shaded
surfaces F thus indicate the lateral walls of the
channels formed between the blades.

Fig. 10 shows & normal substantially symmetri-
cal constant pressure steam turbine profile in
which the air flows in the manner shown In
the triangle of velocities towards the back of the
blades and breaks off heyond the inlet edge.

Fig, 11 is a corresponding view of blades in
accordance with the Invention without sharp inlet
edees and with a somewhat inclined chord Jolning
the ends of the profile (see angle «), so that
with air incident in the same direction the
blades are traversed without discontinuity in the
movement of the air.

Fig. 12 shows a blade diagram and triangle of
velocitles for the admission of gas to both rotor
rings, from which 1t {s seen that the profile of
the blades of the second ring is elongated if the
peripheral speed thereof 1s In the opposite direc-
tion to that of the turbine rotor.

In Figs. 1-7, the jet of gas flows from the burner
chamber T through the nozzles or the nozzle
chambers 8, 8z and 86 to the blades 22 of the
partial admlission gas turbine, the rotor of which
is indicated at I. The useful work of the tur-
bine is transmitted to the propeller 3 by way of a
gear traln 2. Arranged on the outlet side of the
blaedes of the gas turbine Is & ring 4 of blower
blades which is mounted on the hub of the tur-
bine rotor | by means of hall or roller bearings
10. Guide plates 9 are arranged in front of and
behind the blades of the gas turblne for improv-
ing the flow of cooling air.

The gas turbine also drives In known manner a
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compressor 5 which serves for compressing the
combustion air.

The combustion air is preheated by the exhaust
gas of the gas turbine in a preheater 6.

In Fig. 1 an arrangement with small resistance
to flieht is shown dlagrammatically adjacent the
rgtor blades, the cooling air being taken up by a
channel in the body of the aeroplane and after
passing through the blades 22 it flows away
through a similar channel.

. In the end view (Fig. 2) the ring of blades 22
of the gas turbine | is indicated by two concen-
tric circles with radial lines extending between
them. The outer periphery of the housing is
indicated by B. Gas Is admitted to the turbine
blades over the arc C within which the turbine
blades are cross-hatched, whereas the blades over
ithe arc D do not have gas admitted to them and
thus are exposed to the stream of cooling air.

In Figs. 3 and 4 the combustion gas is supplied
to Lthe blades by way of the pipes i1, 12 and the
inlet chamhbers 8a, 8b, whereas the outer air is
directed to the blades by way of the conduits 15,
I and the inlet chambers 13, 14. The inlet
chamber 8q is disposed symmetrically opposite to
the chamber 8b and correspondingly the inlet
chamber 13 is arranged symmetricelly opposlte
te the inlet chamber 14 so that an unbalanced
heating and distortlon is avoided.

In Fig. 8, the guide blades in front of the tur-
bine blades 18 are indicated at 171, while the guide
hlades on the gas side are indicated at 19 and
the guide blades on the air side between the
turbine blades and the blower blades 21 are in-
dicated at 20. According to the invention further
guide blades could he provided beyond the blower
blades also.

In the diagram of Fig. 12 the upper curved
proflles show the blades of the gas turbine, where-
a3 the lower elongated profiles indicate the blades
of the blower arranged at the outlet end of the
turbine. In Figs. 10 and 12: .

c1 indicates the absolute speed of emergence
of the gas from the nozzle,

w, the relative speed of entry to the turbine
bhlades,

% the peripheral speed of the blades of the
turbine rotor,

w3 the relative speed of emergence from the
rotor,

¢a1 the absolute speed of emergence from the
rotor,

wa the relative speed of entry of the gas to the
blades of the blower,

iy the peripheral speed of the blower blades,

wy the relative speed of emergence from the
hlower,

Ca the absolute speed of emergence from the
blower blades.

In other respects the representation of the
blades differs In no way from the customary rep-
resentation,

Apart from the embodiments shown in the
drawings It is possible to make a large number
of modifications within the scope of the present
invention. For example the axis of the turbine
could be turned through 90°. It would also be
possible to use multi-ring equal pressure wheels,
in. which case the guide devices for directing the
current of cooling air could be arranged behind
each rotor,

KARL LEIST.



