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In gas turbines, where the working medium 4s
being compressed to a pressure higher than the
admission pressure of the compressor, the effl-
ciency of the compressor plays a very essential
and in fact decisive part, seeing that the work
supplied by the eguipment really consists in the
difference as between the work transmitted by the
turbine to the shaft and the work absorbed from
the shaft by the compressor. Particularly suit-
able for enabling high eficlency to be achleved
are the compressors of the type in which the
mean diameter of any stationary or rotating blade
ring is at least approximately equal to the average
of the mean diameters of the two adjacent blade
rings and in which the blades have a cross-geotion
resembling the profiles of aeroplane WIngs as
usual in aercdynamical practice, or a thin sheet~
like cross-section. Compressors of such a type
are operating at a high eficiency as long as the
velocity of the working medium relatively ta the
blades does not approximate the velocity of the
propagation of sound vibrations in the working
medium. For this reason it 1s advisable to fix
Lhe upper limit of the velocity of the working
medium relatively to the blades at 0.6-0.7 imes
vhe figure of the velocity of propagation of sound
vibrations. In view of the fact that the velocity
of propagation of sound vibraticns in air amownts
at a temperature of 15° C to about 330 m/sec,
the relative velocity in question should preferahly
not exceed 230 m/sec. If hereto it is added that,
on the other hand, in view of abtalning a high
efficiency the meridian velocity of the medlum
(its velocity of throughfiow in the axial sectipn)
should preferably be assumed at 0.3 to 0.8 tlmpes
the peripheral velocity, there will result the dis-
edvantageous situation that if the relative ve-
locity of 230 m/sec mentioned is adhered to, it
would not be possible for the perlpheral speed
to excecd 185 m/sec. On the other hand in order
that such compressors whilst keeping their weight
and dimensions low, should be able to supply an
as large output of work as possible, 1, e. a suffl-
ciently high pressure, it is essential that the
peripheral speed of the blade rings should be as
high as possible and should approximsate the
figure which is still permissible from the point of
view of mechanical resistance in the blades or
in the rotor carrying the blades, For this reason
the equipment will in case of the low periphera]
speed mentioned above become, for many cases
of employment, too heavy and too expenslve,

Owing to the limitation prescribed regarding
the relative velocity, a disadvantageous position
will result also owing to the fact as In the turbine
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it is In any case possible to permit a larger rela-
tive velocity than In the compressor and thug if
the compressor s direct-coupled with the turbine
it would only be possible for it t¢ he of smaller
diameter than the turbine. In the case of such
g type of design, however, the compressor will
not be ahle to draw-in and supply the necessary
quantity of gas, Accordingly, in this case, if In
accordance with the proposals as made up to
now it ig desired to utllise in & full extent in the
turbine as well as in the compressor the periph-
eral velocities of permissible magnitude, it would
be necessary for the compresscr and for the tur-
bine to run at different members of revolutions
per minute, which would necessitate an expensive
and complicated transmission gear.

The apparatus acgording to the invention elim-
inates these drawbacks in such a manner, that it
diminishes the relative vyelocity between the
blades and the working medium in the com-
pressor, by setting the working medfum Into ro-
tatjon, in the sense of rotatlon of the compressor
rotqr. The working medium rotates in the com-
pressor in the diregtion of rotation at least on
one diameter of the blades at a velocity amount-
ing gn the average approximately to one-hglf the
periphera] velocity of the rotor, it is, however,
also possible for the velocity of rotation, to devi-
gte therefrom so as to possess & higher or a lower
fgure than the one defined above, If the average
peripheral velocity of the working medium Is
sufficlently high relatively to the peripheral ve-
locity of the rotor ¢. g. If it amounts to at least
Ya of the latter, a sybstantlal diminytion of the
relativg velpcity will already be obtalhed. On the
pther hand if the velocity of rotation of the
medium is greater than 3 of the perlpheral ve-
locity of the rotor, it is relatively to the stationary
blades that the relative velocity will be high.
For this resson it js necessary that the average
velocity of rotatlon, at least on one diameter of
the blades, should remain between 14 and % of
the peripheral velocity of the rotor. Thus &
much higher peripheral veloclty than the one
permissible up to now can be permitted in the
rotor, in consequence whereof, on the one hand,
the efficiency of the compressor will not deteri-
orate, whilst on the other hand its capacity of
performance will be increased gr with a given
capacity of performance it will be possible to
redyce its dimengions and direct coupling of the
compresspr with the turbine will become ppssible.
The gverage rotation ai a considerable velocity
of the working medium in the compressor is ob-
talned by the sultable adjustment of the hlading.
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In case the average rotatlon of the working medi-
um s equal to one-half the peripheral velocity
of the rotor, the relative velocitles relatively to
the rotating and to the stationary blades will ke
approximately equal.

In case the turbine likewlse is fitted with
bladings possessing a cross-section resembling the
aeroplane wing profiles usually employed in aero-
dynamical practice, and In case the mean diam-
eter of any stationary or rotating blade ring of
the turbine is at least approximately equal to
the average of the mean dlameters of the two
adjacent blade rings, it 1s possible to obtain a
more advantageous efficiency in the turbine also,
if the relative velocity as between the working
medium and the blades is kept below the figure
of the velocity of the propagation of sound vi-
brations. ‘The veloclty of the propagation of
sound vibrations in the turbine is in general
higher than in the compressor, owing to the fact
that the temperature of the working medium is
also higher. On the other hand the higher tem-
perature of the working medium will increase the
volume of the latter also and thus it will usually
be necessary to permit higher throughfiow veloci-
ties in the turbine, whereby the relative velocity
as between the working medium and the blades
will be increased. For this reason it will, in view
of not approximating the velocity of propagation
of sound vibrations too closely, be advantageous
to set the working medium inta substantial rota-
tion in the directlon of the peripheral velocity
of the rotor in the turbine also, preferably ih
such a manner that the working medium should
at least on one diameter of the blades circulate
at approximately, on the average, gne-half the
peripheral speed of the blades, which aim can
likewise be assured by the sultable adjustment of
the blading.

In order to enable the invention to be more
readily understood, Fig. 1 shows the diagrammati-
cal section of a compressor and turbine direct-
coupled or bullt integral. Fig. 2 is a develop-
ment into a plane of a section taken through
the blades of the compressor. Fig. 3 represents
the velocity trlangles relating to the stationary
and rotating blades of the compressor, Fig. ¢ 18
a development into a plane of a section taken
through the blades of the turbine, whilst ¥ig. 5
shows the velocity triangles relating to the sta-
tionary and rotating blades of the turbine.

On Fie. 1 the rotor B keyed on the shaft §
journalled in the bearings 3 and 4 is arranged in
the compressor or turbine casing f; this rotor car-
ries on the one hand the rotating compressor
blades T and on the other hand the rotating tur-
bine blades 8. It s into the compbressor casing
i that the statlonary compressor blades 8 are
mounted whilst the statlonary turbine blades 10
are mounted into the turbine casing 2. In the
embodiment shown by way of example the high
pressure space 11 of the compressor is closed off
from the admission space 12 of the turbine by
the labyrinth packing 13. On the discharge end
of the turbine the shaft 1s rendered tight by
means of the labyrinth packing 14. The work
obtalned can be taken off on the shaft 5. The
method of operation of this apparatus Is the
following:

The working medium enters the compressor
through the inlet duet 18 and leaves the com-
pression space |l in a compressed condition
through the duct (7. Heat is introduced by
means of the combustion of fuel in a manner
and with the aid of apparatus not shown cn
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the drawing Into the working medium discharged
through the duct {7, following which the work-
ing medium thus heated Is led through the inlet
duct (8 into the turblne in which 1t expands,
performs work and finally leaves the turbine
through the duct 18.

It is also possible—according to known pro-
posals—to effect, before the introduction of the
heat of the fuel, the pre-heating, in a sultable
heat exchange device, by means of the heat of
the spent gases leaving the turbine, of the com-
pressed working medium discharged through the
duct 1T, According to other proposals it Is also
possible to introduce the heat of the fuel during
the passage of the working medium through the
turbine, or, entirely or partly even after the
working medium has performed 1ts throughfiow
through the turbine, and in this latter case to
make provision for the heat generated being
transferred to the fresh quantity of working me-
dium by means of a heat exchange device.

On Fig. 2 the moving compressor blade rings
20 and 21 are rotating with the peripheral velocity
% in the direction of the arrow I, whereas the sta-
tionary blade rings 22 and 23 are immovable. The
base line of the moving blade profiles (which is
approximately identical with the aerodynami-
cally neutral direction, 1. e. with the direction de-
fined by the fact that a current of air attacking
in this direction will not cause any force of buoy-
ancy on the blade) forms with the peripheral di-
rection, at the polnt of leaving the blade ring, the
angle g3, whilst the base line of the stationary
blades is, at the point of leaving the blade ring
likewise, forming with the peripheral direction
the angle gi.

In the velocity dlagrams shown on Fig. 3, va de-
notes the throughflow (meridian) velocity of the
working medium when flowing through the com-
pressor, ¢ denotes the peripheral velocity of the
rotor, whilst © dehotes the mean velocity in the
peripheral direction of the working medium. In-
to any statlonary blade ring the working medfum
enters with the absolute velocliy 1 and leaves it
with the absolute velocity ¢a. The mean value
cx of the two velocities represents the mean ab-
solute velocity of the working medium. The com-
ponent in the peripheral direction of thls last
named velocity is v, the average figure of which,
taken at least on one dlameter of the blade, 1s
preferably approximately equal to one half the
peripheral velocity, but may also be greater or
smaller than this Agure (what is important from
the point of view of the invention being that the
average peripheral velocity of the medium shouwld
he suficlently high relatively to the peripheral
velocity of the rotor). The relative inlet velocity
relatively to the rotating blades is obialned by
adding-up the outlet velocity relatively to the sta-
tionary blades and the velocity . The velocity
thus obtalned is €1’; the relative outlet veloclty is
¢z, whilst the relatlve mean velocity is cx’.

The aerodynamically neutral direction of the
blades is, as has been mentioned, the direction de-
fined by the fact that in case of a relative fiow in
this direction the blade force perpendicular to the
direction of the flow is zero, and accordingly this
direction is approximately identical with the di-
rection of the tangent on the compressed {(con-
cave) slde of the blade profile, 1. e. with the direc-
tion of the base line of the blade profile. The
angle formed by the direction defined iIn this
msanner and by the peripheral direction is ac-
cording to Fig. 3 also in the case of the statlonary
blades 81, and in the case of rotary blades ga,
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In order to ensure that the relative veloclty as be-
tween the working medium and the blades should
be as small as possible, the mean velocity of ro-
tation of the medium should preferably be made
equal to onhe-half of the peripheral veloclty.
This condition is approximately satisfied in that
case when the angles formed by the peripheral
direction with the base lines of the profiles of the
stationary and of the rotary blades are, at least
on ohe dlameter of the blades, approximately mu-
tually identical.

In the case of the turbine blades shown on Fig.
4 the moving blade rings 24 and 25 are rotating In
the direction of the arrow IT with the peripheral
veloclty u and the base lines of their blade pro-
files (representing approximately the aerodyna-
mically neutral direction) are at the point of In-
let into the blade ring forming with the peripheral
direction the angle g4, whilst the base lines of the
blade profiles of the statlonary blade rings 26 and
2T are at the point of inlet into the blade ring
likewise forming with the peripheral direction
the angle ga.

In the veloclty triangles shown on Flg. 5 the
denotations are, suitably Interpreted, identical
with the denotations shown on Fig. 3. With a
given peripheral and given meridian velocity the
lowest relatlve veloclty between the blades and
the working medium 1s obtained in case the aver-
age velocity of rotation of the working medlum is,
at least on one diameter of the blades, approxi-
mately equal to one-half the peripheral velocity
of the rotor. This can be assured if the blade
angles are adjusted in such a manner that the
base lnes (1, e, the aerodynamiecally neutral di-
rections) of the proflles of the statlonary and of
the moving blades should, at least on one diameter
of each of these two kinds of blade rings, form
approximately equal angles with the peripheral
direction.

In view of the fact the temperature of the
working medium varies in the compressor as well
as In the turbine, 1t is not necessary that the con-
dition of the lowest relative velocity should be
fulfilled In each stage. A very large advantage
i3 obtained already In case a substantial average
rotation is glven to the working medium in the
direction of the peripheral velocity of the rotor.
This can be achleved In the case of the com-
pressor, as well as 1n the case of the turbine, by
deflecting the base line of the stationary blades
from the merldian plane, in the direction—viewed
In the direction of the fiow—of the peripheral
veloelty of the rotor.

The constructional conditlon for the average
velocity of rotation of the medium belng situ-
ated between Y4 and % of the peripheral velocity
of the rotor consists in that the value of the
fraction composed of the tangent of the angle
M formed by the base line of the stationary
blades with the peripheral direction as of a nu-
merator and of the tangent of the angle g2 formed
by the base line of the rotating blades with the
peripheral direction, as denominator, should at
least on one blade dlameter be sltuated between
15 and 3.

Instead of the form of construction shown on
the drawing and described In the gpecification by
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way of example it 1s possible to employ a egreat
many other kinds of constructional forms also,
whereby the substance of the apparatus according
to the invention and the ranege of protection of
the invention are not modifled in any way., Thus
the compressor or the turbine may, for instance,
also be arranged for radial throughflow, or
throughfiow may also take place along a cone
surface, or in general around a rotational surface.
From an aerodynamical point of view it is ad-
vantageous if the average velocity of rotation of
the working medium stands in inverse propor-
tion to the distance from the axis of rotation.
This can be ensured by the suitable torsional de-
The blades may also, as
mentioned In the introductory part of this speci-
fication, be of thin sheet-like shape, which shape
can be considered to represent the “I!mit” case of
aerodynamical profiles.

Finally, it {s worth mentioning that the In-
vention modified in &8 logically corresponding
manner, can also be employed on g€as turbine
equipments, in which the compressor or the gas
turbine proper or hoth of these two main parts
now mentioned are designed in such a manner
that in addition to the rotor, the so-called “stator”
Is also made rotatable in a sense of rotation oppo-
site to that of the rotor. If the peripheral velocity
in any blade ring of the “stator” is denhoted at a
certain blade dlameter by w1, whilst In the ad-
Jacent blade ring of the rotor cooperating with
the said blade ring of the “stator” the peripheral
velocity 1s denoted by ua, w1 belng =us, it Is the
difference of velocities ¥a—u1 which will represent
the figure of velocity which Is decislve regarding
the peripheral veloclty In the direction of rota-
tion of the rotor of the working medium flowing fn
the compressor, so that It will not be possible in
the cases accordlng to the Invention for the pe-
ripheral velocity of the working medium to be
lower than Y% of this veloclty or to be greater
than 3 of this velocity. Employing the same
denotations 1t is possible to indicate regarding the
angles g1 and g2 of the statlonary and rotating
blades of the compressor and the turbine the fol-
lowing mathematical relation according to the In-
vention:

W w g
Uz s g By §( ___El)
4 < 1+_£_g_§_1 <4 1 U
g8

which relation will In case of m1=0 {l.e. In case
of the compressor or turbine casing being gta-
tlonary) become converted into the condition:

1. 48
3< i ﬂs< 3
already referred to above.

In case of blade rings rotating in mutually op-
poslte directions the arrangement will be practi-
cally the most advantageous for the compressor
1f ma=us, as In such & case the working medium
will only rotate relatively to the rotor and to the
causyhlg of the compressor, but will not rotate actu-
ally,

GEORGE JENDRASSTE,





