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Applcation filed Noventher 29, 1920

“Curbines and retary compressors in which the
working fild suffers & change eof volume of a
ocertdétn magnitude -are generslly of such design
a6 Ho ensure thatt it should be at certain definite
flgures of :the c¢hange of volume, or, in other
wordls .at oertaln -definite figures of 4he speed of
flow varying in &ependence on the -change of
volume thet the turbines and rotary compressors
operete -.eorractly and at high .efficlencies. Ac-
-cordiingly, conditions of operation In which (as
e.c. at starting, or during operation at reduced
spaeds or at reduced load) the working fluid will
not suffer the change of volume or change of
speed corresponding to normal conditlons, will
cause the . efficiency of the machines in question
to tbacome Te8uced. This clrcumstance may in
cerigin cases, £. €. when a gas turbine set com-
pored of & gas turblne and a compressor anhd
designed Yor @ Tfalrly substantial cempression
pressure has {0 e set to work, lead to xery trou-
blesome consequences. Inthe case of such ma-
chines starting is performed In -such -a manner
that :the 126t s rotated by means of an external
source ol power untll it reaches a speed at which
it is dlveady .able -to continue its acceleration by
its .own power. If, however, the efficiencies at
which the .compressor and the turbine operate
-during ‘the process of starting are low, this will
result, on the one hand, in a very substantial

increase «of 'the power requlrements of the start- -

Ing machine, and, -on the other hand, in the fact
that it will be.only at a much higher speed that
the congdition In which the set is already able
to -conbinye its acceleration by -fts own power will
be reached.

The 'process and .apparatus accerding to the
invention enables this drawback to be ellminated
by :an .arrangement in which, when startlng ro-
tary -compressors, ‘turbines -or sots of machlnery
-composed of such machines, or operating them
at part load (at part speed), a portion of suitable
magnitude of -the working fluld 1s passed through
‘bheading and /or by-passlines in such 2 manner as
to-ensure that the wetght of working fluid flowing
per umit .0f time through the high-pressure
stages of fhe turbine .should be lower than the
weight of working fluld flowing per unit of time
through the jow-pressure stages, and that owing
to the corresponding variation -of the through-

flow speeds, the -actual flow speeds resulting in -

the varlouns pressutre stages showld be shifted.
.as vlosely .as 'possible, towards those flgures of
spred characteristic for the design of the ma-
chine or:set -of machinery, as will enable the most
advantageous effiviency to be.obtalned.
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An -embotliment exemplifying the apparatus
suitable for .carrying the prooess linto effert is
shown in longltudinal section on Fig, 1. Dn
Fig. 2 anciher embodiment, shown by way of
example, b8 shown in front elevation, whilst Fig
3 iz an elevation, And ‘partly a longitudinml sec-
tlon, of a further warient of construction,
equipped with a heat exchanger,

According to Fig. 1, ‘the compressor rotor 4,
rofatable by wneans of the xhatt B journalled in,
the bearings 2, 2, 15 arraeged in the compressor
casing 1. “The wotating hlage rings 5 :monnted
into the rotor & are mrranged hetween the sta-
tionary blade rings8. Totke compressor casing
there Join -on, at:the ends of the robtor, .on the
one ‘hand :the imlat ibranch T .and -on the .other
hand the outlet branch 8. “To-the shatt 8 of the
compressor there is .coupled the sheft 9 of the
turbine, camrying the furhine robor 44 .arranged
in the 'turbine casing 10. -The turbine rotor Is
-apipped with the rotary Lilafting t2,'whereas the
stutionary blades I3 :are movnted litho the tur-
bine casing ¥0. The burbine:shalt B 4s_journalled
in the bearings M, "I¢. The inket branch 15 of

3 thetuthine comnrnirstes wihh thesoutlet ‘branch

8 of the compressor through the combustion
space :I'T fed by the hummer 8. At that end of
the turhine roltor which Is :oppoiite to the inlet
the discharge branch 18 of -ithe turbine Jolns.on
to the turbinecasing. Jolning.onie the working
space of ithe compreisor tiwe blgeding :or by-pass
lines {9 and 20:arewrranged, which, through the
apertures 2 and 22, respectively, are communi-
catlng ‘with the - warking spage of the compressor;
these by-pass lines are, through 'the apertures 24
and 25, respectively, communicating slso-with the
working space:of the turhine. Tirefipe-lines are
equipped-with the cloging or throttling members
26 and 27 -suitztble ffor closing or.only throtiling
their cross-seciion. The by-pass line 20 more-
over also -communipatss xwith the auxillary :com-
bustion space:20 fed byithe burner 28,

The method .of operation ©f this equiipment is
the Tollowing : 'If the solorsratnte, the.compressor
draws-in worling finid <air) through the inlet
branch T, compresses it and 4rives it {hrough the
cutidt ‘branch 8 into the combustion .space {1, in
whilvh the =ir "becomes hedled owing e the com-
bustion of #he fuel irttrofireed by meams of the
burner 18. From here the working fiuld passes
into the workixng space of the furbine, in which it
expands down to 2 cerialn lower figure -of pres-

-sure, Tollowing sshich ti:leaves the turbine through

the discharge ‘branch 18. The work produced by
the -apparatus can be tdken off etther from the
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shaft 3 or Irom the shait 8. If the closing mem-
bhers 28 and 27T close the by-pass lines 19 and
20 no flow whatever takes place in these lines;
generally this will be the condition of operation
corresponding to normal load.

In case the apparatus Is operated at a speed
substantlally lower than the normal speed, or at
reduced load, this will—in vlew of the fact that
the pressure which can be produced in the rotary
compressor will become reduced In a very sub-
stantial extent with the diminution of the speed
—Tresult in throughflow speeds differing from the
figures of speed corresponding to normal oper-
ating conditions of good efficiency belng set up in
the compressor; notably,—in view of the fact that
compression Is now taking place ia a less degree
only—the speeds In the high-pressure section of
the compressor will generally be too high, and
those in the low-pressure section of the com-
pressor will be too low as compared to Lhe figures
at which it would at the given reduced speed be
possible for the compressor to operate at & high
efficlency.

A similar phenomenon will present itself in
the turbine also, because at a reduced speed the
pressure drop set up in the turbine will alsg be
lower than the flgure corresponding to normal
operation, This will result in too high speeds be-
ing set up in general in the high-pressure sec-
tion, and too low speeds In the low pressure sec-
tion of the turbine also, In consequence whereof
the efficiency of the turbine will become lowered.
If in such case the closing members 28 and 21
arranged in the by-pass llnes 19, 20 are opened,
a certaln amount of working fluld wil flow
through these. This through-flow wili cause the
disadvantageous distribution of speeds mentioned
in what precedes to be altered in the favourable
sense; notably, in the high-pressure stages the
speed of flow will become diminished because a
portion of the working fluld will be led through
the bleeding or by-pass line In such & manner
that this portion will not flow through the high-
pressure stages at all. In the case of this em-
bodiment described by way of example two by-
pass lines not connected with each other are
shown. The purpose of this arrangement Is to
make the distribution of speeds in the rotating
machines approximate the ideal distribution as
closely ag posailble. It is of course possible to
employ a greater number of independent bleeding
Iines or bleeding polnts; it 1s, however, also pos-
sible to bleed the compressor in onhe place only,
or to cause the working fluld extracted through
the bleeding point to be admitted to the turbine
at one point only.

In view of the fact that when the bleeding lines
are operating, only a portion of the working fluid
will pass through the combustlon space I1, the
case may arise that it will not be possible, wlth-
cut overheating the working fluid, to introduce
in the said space such a quantity of heat as would
be sufficient for starting the apparatus, or for
maintaining the prescrlbed conditions of oper-
ation, This drawback is obviated by the suxillary
combustion space 28, the burner 28 of which is
suitable for the introduction of an additional
quantity of heat, so that with its ald & part of
the working fluid subjected to bleedihg also can
be heated again.

If the hleeding point of the compressor, as well
the point where the by-pass line joins on to the
turbine are chosen so as {0 ensure that the pres-
sures rullng-at these polnts under normal con-
ditions of service should be equal, the closing
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member provided in the by-pass dne may be kept
cpen under normal conditlons of operation also
without any flow being set up in the sald by-pass
line. In this case the flow in the by-pass lne
will start sutomatically In the desired direction
at reduced speed or at part load, when the quan-
tity of heat introduced is lower than the quan-
tity corresponding to the norma) figure of load,
snd accordingly, closing members or any control
of such members are indeed not required in this
case.

In the case of the arrangement shown on Fig. 2
the bleeding line 31 of the compressor 30 is not
continued directly in the by-pass line 33 of the
turbine 32; instead hereof, the bleeding line 31
as well as the by-pass line 3) are joining on
to the high-pressure space 34. It is into this
same space that the outlet branch 35 of the com-
pressor 30 as well as the inlet branch 38 of the
turbine 32 also open. Into the lines 31 and 33
the contirol members 37 and 38, respectively, sult-
able also for the complete closing of the cross-
sectlon of the lines, are mounted. During nor-
mal service, this apparatus generally operates
in such a manner that the members 37 and 36
are closed, whereas when starting the apparatus
or operating it at reduced speed or possibly op-
erating it at part load the closing members 37
and 38 are opened, thereby guiding correspond-
ing portions of the working fluid in such & man-
ner as to cause these portions to by-pass the
high-pressure stages of the compressor, and of
the turbine, respectively.

In the arrangement shown in Fig. 3 the bleed-
ing Iine 40 of the compressor 39 branches out
into two branches so as to form the lines &1
and 42. The line 4§ joins on to the delivery
duct 43 of the compressor, whereas the line 42
opens into the line 44, the pressure of which is
lower than that of the said dellvery duct; in
the example shown, the line 44 constitutes at the
same time the discharge line of the turbine. The
by-pass line 46 joining-on to intermediate stages
of the turbine 45 also possesses two branches,
viz. the branches 47T, 49; of these, the branch 47
joins on to the high pressure space 56 which
latter communicates also with the inlet branch
48 of the turbine, whereas the branch 49 com-
municates with the low-pressure line 68 consti-
tuting a continuation of the discharge branch of
the turbine. In the case of this arrangement s
heat exchanger B, per se known, Is inserted be-
tween the delivery duct 43 of the compressor
and the inlet branch 46 of the turbine; this heat
exchanger serves for causing fresh working fluid
compressed by the compressor to be heated by
means of fluid leaving the turbine. The con-
trol members 52, 53, 54 and 55, sultable for com-
plete closing also, serve for the throttling and/or
closing of the lines 41, 42, 47 and 49, respec-
tively.

This apparatus operates in such a manner
that in normal service the control members are
generally closed, in consequence whereof there
1s, under these conditions, no flow of working
fluid either through the bleeding line 40 or
through the by-pass line 46. When starting the
apparatus, or operating it at reduced speed, the
control members 62 and 54 are preferably opened,
therehby ensuring that the apparatus should func-
tion according to the method of functioning of
the apparatus shown on Pig. 2, so that a part
of the working fluid by-passes the high-pressure
stages of the compressor and of the turbine, If
It is desired to operate the apparatus at full
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speed, but on part load, it will be advisable to
close the control member 52 and open the con-
trol member 53; in this case, a part of the work-
ing Auid will flow directly, through the line 42,
into the line 44, without having flown through
the high-pressure section c¢f the turbine. If at the
same time the control member 54 Is closed and
the control member 5% is opened, this will re-
sult in an amount of pressure being set up at
the point where the by-pass line 46 joins the
turbine, which will be slightly smaller, in an ex-
tent corresponding to the resistance to flow of
the pipe lengths 46, 49 and 50 connected in par-
allel, that the amount of pressure set up in the
discharge branch of the turbine, so that in case
the pipe branch 46, 43 in of smaller resistance,
the last part, situated between the by-pass line
and the discharge branch, of the turbine will act
as & compressor, compressing the working fluid
in an extent corresponding to this slight dif-
ference of pressures, and & part of the working
fluid will, after passing the turbine, flow back
from the discharge line 50 through the by-pass
lines 49 and 46 into the intermediate stages of
the turbine. This will ensure that a smaller
weight of working fluid will flow per unit of
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time through the high-pressure stages of the
turbine, than through its low-pressure stages, and
the mutual proportion of the various speeds set
up in these stages will also become altered in a
suitable extent, which circumstance will enable
the efficiency of the turbine in the ease of part
loads to be improved.

The process according to the invention can be
employed with advantage in all those cases in
which for any reason the change of volume in
the rotating machines, or the increase of volume
in the turbine, become altered as compared to
the normal flgures. It is a matter of course that
it is not only in the variants corresponding to
the embodiments described by way of example
but also in variants arranged differently there-
from that the invention can be applied, as well
as in those cases in which the compressor or the
turbine are, instead of the axial throughflow
shown by way of example, operating according
to some other system differing therefrom. Simi-
larly the members employed for the introduction
and combustion of the fuel as well as the heat
exchanger etc. may also be of any desired sys-
tern.

GEORGE JENDRASSIK



