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Description 

This  invention  relates  to  a  method  of  and  means  for 
the  control  of  flow  disturbances  in  turbo-compressors, 
including  both  instabilities  such  as  the  phenomena  of 
rotating  stall  and  surge,  in  particular  axial  turbo-com- 
pressors,  and  steady  state  or  quasi  steady  state  distur- 
bances. 

Rotating  stall  is  an  aerodynamic  instability  which 
determines  the  maximum  pressure  rise  capabilities  of  a 
turbo-compressor.  At  that  maximum  any  further  demand 
will  lead  to  the  formation  of  a  small  patch  (usually  re- 
ferred  to  as  a  "cell")  of  disturbed  flow  in  the  blading  which 
can  then  spread  rapidly  to  engulf  a  large  proportion  of 
the  annular  cross-section  of  the  compressor.  As  the  stall 
cell  forms  fully,  the  delivery  pressure  at  the  exit  from  the 
compressor  falls  off  just  as  rapidly.  This  type  of  distur- 
bance  is  called  rotating  stall  because  the  disturbed  or 
"blocked"  sector  of  the  annulus  will  rotate  with  the  blad- 
ing,  at  roughly  half  (typically  between  0.8  and  0.3)  the 
speed  of  the  blading. 

The  system-related  instability  of  surge  occurs  when 
a  compressor  is  coupled  to  a  large  downstream  volume, 
eg.  pipework  in  an  industrial  plant  or  the  combustion 
chamber  in  a  gas  turbine.  If  the  pressure  rise  capability 
of  the  compressor  is  exceeded  and  a  stall  condition  is 
initiated  there  is  a  fall  in  delivery  pressure  which  allows 
compressed  gas  in  the  volume  downstream  of  the  com- 
pressor  to  blow  back  through  the  compressor.  In  ex- 
treme  cases  this  can  lead  to  flames  spewing  out  of  the 
front  of  an  engine.  Venting  the  downstream  volume  in 
this  way  lowers  the  back  pressure  on  the  compressor; 
the  stall  condition  disappears  and  the  pressure  down- 
stream  is  able  to  rise  again  as  the  downstream  volume 
is  refilled.  The  stalling,  venting,  refilling  cycle  will  thus 
start  again  and  a  continuous  sequence  of  surge  cycles 
can  ensue  if  the  operating  conditions  remain  un- 
changed. 

It  has  been  proposed  in  GB  1481031  to  detect  the 
flow  reversal  that  occurs  with  surge,  and  then  to  bleed 
off  the  boundary  layer  in  the  downstream  region  of  the 
compressor  to  return  this  air  to  the  inlet.  Such  a  proce- 
dure  is  inherently  inefficient,  however,  not  least  because 
its  operation  relies  upon  the  surge  condition  becoming 
established. 

Both  stall  and  surge  will  limit  the  operating  range  of 
a  machine  and  are  damaging  conditions.  Rotating  stall 
leads  to  very  high  temperatures  in  the  compressor  and 
surge  leads  to  violent  bending  loads  on  the  blading.  The 
accepted  way  of  avoiding  these  dangers  has  been  to 
ensure  the  compressor  does  not  work  close  to  its  peak 
pressure  rise.  In  recent  times,  however,  it  has  been  sug- 
gested  that  active  control  techniques  might  be  em- 
ployed  to  improve  performance.  Reference  can  be 
made  to  GB  21  91  606A  and  to  Epstein  AH,  Ffowcs-Wil- 
liams  JE,  and  Greitzer  EM,  "Active  Suppression  of  Aer- 
odynamic  Instabilities  in  Turbomachinery",  AIAA  Jour- 
nal  of  Propulsion  and  Power,  Vol  5,  No  2  1  989. 

In  US  41  96472  (Ludwig  et  al)  a  stall  control  system 
for  an  axial  flow  compressor  is  disclosed  in  which  sig- 
nals  from  a  number  of  pressure  transducers  within  the 
compressor  are  compared  with  a  reference  signal,  the 

5  value  of  which  is  related  to  the  operating  conditions  in 
the  compressor.  The  signals  from  the  individual  trans- 
ducers  are  compared  sequentially  with  the  reference 
signal  so  that  corrective  action  can  be  initiated  when  an 
abnormal  value  is  sensed  by  any  one  sensor.  The  sig- 

10  nals  are  also  summed,  and  the  strength  of  the  corrective 
action  is  determined  by  the  summed  signal  value.  The 
form  of  corrective  action  described  in  US  41  96472  takes 
the  form  of  a  controllable  bleed  from  the  compressor  gas 
passage,  and  control  of  the  stagger  angle  of  the  stator 

is  blades  is  also  suggested. 
In  FR2248427  equivalent  to  GB1481031  there  is 

described  an  apparatus  for  controlling  surge  in  axial  and 
radial  flow  compressors.  This  discloses  using  a  pres- 
sure  transducer  to  detect  flow  reversal  in  the  boundary 

20  layer  downstream  of  the  rotor  blade.  It  takes  corrective 
action  by  bleeding  air  from  a  position  downstream  of  the 
rotor  blade  and  injecting  the  air  into  the  compressor  up- 
stream  of  the  rotor  blade  either  with  an  upstream  com- 
ponent  or  with  neither  upstream  nor  downstream  com- 

25  ponents. 
A  novel  manner  of  controlling  disturbances  such  as 

rotating  stall  and  surge  in  turbo-compressors  is  now  pro- 
posed  in  which  variations  in  the  flow  are  sensed  at  a 
series  of  circumferentially  spaced  positions  at  a  chosen 

30  station  in  the  direction  of  flow  through  the  compressor 
to  detect  variations  above  a  predetermined  variation  lim- 
it. 

In  accordance  with  one  aspect  of  the  invention  a 
method  of  controlling  gas  flow  in  a  compressor,  com- 

35  prises  the  steps  of: 

sensing  the  flow  at  a  series  of  circumferentially 
spaced  positions  around  the  compressor; 
detecting  variations  in  the  flow  in  one  circumferen- 

40  tial  region  relative  to  another;  and 
upon  such  variation  being  detected,  injecting  high- 
er-pressure  gas  into  the  compressor, 
characterised  in  that  the  higher-pressure  gas  is  in- 
jected  generally  in  the  direction  of  flow  through  the 

45  compressor; 

the  higher-pressure  gas  is  taken  from  a  higher-pressure 
region  of  the  compressor  downstream  of  said  circumfer- 
entially  spaced  positions  and  is  injected  toward  a  cir- 

so  cumferential  region  in  which  said  variation  has  been  de- 
tected,  the  higher  pressure  gas  is  injected  into  the  com- 
pressor  at  a  radially  directed  angle  of  not  substantially 
more  than  30°. 

Preferably  the  series  of  circumferentially  spaced 
55  positions  is  at  a  chosen  axial  station  in  the  direction  of 

flow  through  the  compressor,  only  variations  in  the  flow 
above  a  predetermined  limit  of  variation  are  detected, 
and  the  higher-pressure  gas  is  injected  into  the  com- 

45 
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pressor  upstream  of  the  higher-pressure  region  in  a  cir- 
cumferentially  selective  manner  dependent  upon  the 
circumferential  origins  of  said  variations,  thereby  to  act 
against  flow  disturbances  indicated  by  said  variations. 

The  higher-pressure  gas  may  be  injected  in  a  series 
of  different  sectors  around  the  compressor,  the  flow  var- 
iations  being  independently  sensed  in  each  of  the  sec- 
tors. 

Preferably  the  higher  pressure  gas  is  taken  from  the 
same  sector  as  that  into  which  it  is  injected. 

A  significant  feature  of  the  present  invention,  the 
use  of  injected  gas  to  counter  a  flow  disturbance,  has 
the  advantage  over  the  method  proposed  by  US 
4196472  that  the  injection  of  gas  improves  the  basic 
surge  margin  of  the  compressor.  The  compressor  is 
therefore  capable  of  operating  at  a  higher  output  than 
would  be  the  case  with  a  prior  art  bleed  system. 

Rotating  stall  conditions  may  also  be  experienced 
in  turbo-compressors  at  low  speed,  part  load  conditions. 
In  this  case,  the  instability  is  found  to  occur  at  the  front 
of  the  compressor.  Because  the  machine  is  then  work- 
ing  at  a  lower  compression  ratio  than  the  optimum  for 
which  it  is  designed  the  early  stages  are  relatively  highly 
loaded  compared  with  the  rearmost  stages.  The  flow  at 
the  front  of  the  compressor  can  then  reach  stalling  point, 
giving  an  uncontrolled  loss  of  power.  The  present  inven- 
tion  can  also  be  employed  to  counter  this  problem  by 
the  injection  of  higher  pressure  gas  into  the  foremost 
stages  of  a  turbo-compressor,  preferably  at  the  front 
stage,  in  a  similar  manner  to  that  described  for  high 
speed  operation. 

In  a  more  general  sense,  any  axial  region  of  the 
compressor  may  be  chosen  for  the  flow  injection,  de- 
pending  upon  the  nature  of  the  disturbance  to  be  coun- 
tered.  It  is  necessary  to  ensure  that  the  injection  pres- 
sure  is  sufficient  to  obtain  an  adequate  energy  input  at 
a  location  where  it  will  influence  the  flow  disturbance 
sensed,  but  for  greatest  efficiency  the  pressure  differ- 
ential  should  be  kept  as  low  as  is  practical.  If  a  flow  is 
to  be  injected  at  the  front  of  the  compressor,  it  may  not 
be  desirable  therefore  to  take  the  injected  air  from  the 
compressor  outlet.  From  the  point  of  view  of  aerody- 
namic  efficiency,  it  would  be  desirable  to  have  a  multi- 
plicity  of  successive  flow  injection  circuits  along  the 
compressor  flow  path,  each  spanning  only  a  small  part 
of  that  path,  but  the  mechanical  complexity  of  such  an 
arrangement  will  normally  be  impractical. 

It  may  be  sufficient  to  provide  the  sensing  and  in- 
jection  means  at  a  single  axial  station  but,  as  indicated, 
the  provision  of  such  means  at  a  number  of  stations  is 
not  precluded  and  may  be  preferred.  As  a  practical 
measure,  both  high  and  low  speeds  stalling  can  be 
countered  with  relatively  simple  means  if  there  are  tap- 
pings  at  the  front,  rear  and  intermediate  regions  of  the 
compressor,  so  enabling  an  injection  from  the  rear  or 
outlet  to  the  intermediate  region  to  counter  high  speed 
stall  in  response  to  detection  means  at  the  intermediate 
region,  and  from  the  intermediate  region  to  the  front  or 

entry  region  to  counter  low  speed  stall  in  response  to 
detection  means  at  the  entry  region. 

The  critical  axial  station  or  stations  at  which  a  flow 
disturbance  will  be  initiated  can  be  expected  to  vary  with 

5  different  designs  of  turbo-compressor  and  the  locations 
of  the  injection  and  sensing  means  may  therefore  be  se- 
lected  empirically.  There  may  also  be  a  need  to  monitor 
the  compressor  flow  near  its  outlet  end  for  incipient 
surge  conditions,  independently  of  monitoring  for  rotat- 

10  ing  stall  further  upstream. 
It  is  possible  within  the  scope  of  the  invention  to  em- 

ploy  any  desired  pattern  of  gas  injection.  For  example, 
in  response  to  the  sensing  of  a  rotating  flow  variation 
gas  may  be  injected  sequentially  through  a  circumfer- 

15  entially  spaced  series  of  ports  at  a  station.  Alternatively, 
gas  may  be  injected  simultaneously  through  said  series 
of  ports.  Where  there  are  gas  injection  means  at  a 
number  of  axially  spaced  stations  they  can  be  actuated 
in  response  to  sensed  variations  at  their  respective  sta- 

20  tions  or  at  other  stations  as  appropriate.  Where  the  con- 
trol  system  is  deployed  at  a  number  of  axial  stations,  it 
may  be  operated  independently  at  each  station  or  the 
gas  injection  at  the  different  stations  can  be  coordinated, 
eg.  to  operate  in  unison  or  in  a  predetermined  sequence. 

25  The  method  of  the  present  invention  can  also  be 
employed  to  counter  flow  distortions  where  the  flow  dis- 
tribution  is  non-uniform  in  the  circumferential  sense. 
This  condition  can  occur  in  aero-engines  during  tran- 
sient  manoeuvres  or  when  the  aircraft  is  travelling  at  low 

30  speed  with  the  engine  axis  at  a  larger  angle  than  usual 
to  the  flight  path,  such  as  can  occur  at  take-off.  A  part 
of  the  engine  air  intake  area  is  then  effectively  "shad- 
owed"  by  the  cowling  upstream  of  it  and  there  can  be 
break  away  of  the  flow  in  the  first  stage  of  the  compres- 

35  sor. 
For  this  type  of  disturbance  it  may  be  preferred  to 

rely  on  sensors  at  a  number  of  spaced  axial  stations, 
with  coordination  of  the  signals  from  different  stations 
so  that  gas  injection  is  triggered  if  a  number  of  sensors 

40  at  different  stations  but  with  similar  circumferential  po- 
sitions,  give  an  operative  signal. 

It  is  also  possible,  however,  to  rely  on  sensing  up- 
stream  of  the  compressor  to  counter  such  static  or  rel- 
atively  static  disturbances.  For  example  when  the  com- 

45  pressor  is  operating  in  a  nacelle,  circumferential  non- 
uniformities  can  appear  in  the  nacelle  ahead  of  the  en- 
gine  entry.  It  is  also  within  the  scope  of  the  invention  to 
provide  a  method  and  means  whereby  the  detection  of 
such  disturbances  is  employed  to  trigger  the  injection, 

so  substantially  at  the  compressor  inlet,  of  gas  bled  from 
further  downstream  in  the  compressor.  Such  distur- 
bances  may  require  the  flow  injection  only  over  a  part 
of  the  circumference  of  the  compressor. 

According  to  a  further  aspect  of  the  invention  an  ap- 
55  paratus  for  controlling  gas  flow  in  a  compressor,  com- 

prising: 

an  array  of  sensors  for  sensing  the  flow  at  a  series 
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of  circumferentially  spaced  positions  around  the 
compressor  and  outputting  flow-related  signals 
therefrom; 
control  means  in  communication  with  the  sensors 
to  detect  variations  in  the  flow  in  one  circumferential 
region  relative  to  another  and  to  output  control  sig- 
nals  upon  such  variations  being  detected;  and 
injector  means  operative  upon  receipt  of  the  control 
signals  to  inject  higher-pressure  gas  into  the  com- 
pressor, 

characterised  in  that  injector  means  is  arranged 
to  inject  the  higher-pressure  gas  generally  in  the  direc- 
tion  of  the  main  flow  through  the  compressor,  means  for 
tapping  the  higher-pressure  gas  from  a  higher-pressure 
region  of  the  compressor  downstream  of  said  circumfer- 
entially  spaced  positions  and  the  injector  means  being 
arranged  to  inject  the  higher-pressure  gas  toward  a  cir- 
cumferential  region  in  which  said  variation  has  been  de- 
tected,  the  injector  means  is  arranged  to  inject  the  high- 
er-pressure  gas  into  the  compressor  at  a  radially  direct- 
ed  angle  of  not  substantially  more  than  30°. 

Preferably  injector  means  comprises  a  circumfer- 
ential  array  of  injectors  and  the  control  means  is  adapted 
to  operate  the  injector  means  in  a  circumferentially  se- 
lective  manner  dependent  upon  the  circumferential  po- 
sitions  of  the  sensors  detecting  the  flow  variations, 
thereby  to  act  against  flow  disturbances  indicated  by 
said  variations. 

Preferably  the  control  means  including  means 
whereby  only  sensor  signals  indicating  flow  variations 
above  a  predetermined  limit  of  flow  variation  cause  op- 
eration  of  the  injector  means. 

In  a  preferred  method  of  operation,  when  an  injec- 
tion  flow  is  triggered,  the  or  each  valve  controlling  the 
flow  is  automatically  re-shut  after  an  interval,  which  may 
be  a  preset  period,  since  a  continuous  injection  of  high- 
pressure  gas  would  be  uneconomic.  It  may  be  preferred 
to  do  this  by  tapering  off  the  initial  flow  whereby  the  flow 
control  effect  is  removed  gradually.  This  is  particularly 
applicable  when  a  relatively  lengthy  period  of  injection 
flow  is  needed  to  influence  the  disturbance;  should  the 
disturbance  appear  again  before  the  flow  has  been  shut 
off,  the  rate  of  flow  can  be  increased  again  to  its  initial 
value.  With  repeated  tapering  and  restoration  of  the 
flow,  it  is  ensured  that  the  flow  is  kept  to  the  minimum 
to  control  the  disturbance  and  is  cut  off  as  soon  as  the 
cause  of  the  disturbance  disappears.  Moreover,  a  timed 
tapering  of  the  injection  flow  is  able  to  limit  the  energy 
input  for  operating  the  corrective  system  without  impair- 
ing  its  efficiency.  In  particular  flow  systems,  however,  an 
on-off  characteristic  may  be  equally  effective  and  has 
the  advantage  of  simplicity.  If  the  disturbance  remains 
when  the  preset  interval  has  expired,  a  further  period  of 
injection  can  be  immediately  initiated.  It  may  also  be  ar- 
ranged  that  the  responses  of  the  components  of  the  sys- 
tem  ensure  in  that  case  that  the  injection  flow  is  not  in- 
terrupted  between  the  two  periods. 

It  is  significant  that  the  invention  can  be  utilised, 
whether  the  control  flow  is  tapered  off  or  is  simply  cut 
off,  without  the  control  means  using  a  feedback  loop.  It 
is  possible  to  initiate  corrective  action  at  a  maximum  rate 

5  when  gas  injection  begins,  subject  only  to  the  threshold 
disturbance  level  having  been  exceeded.  If  thereafter 
the  injection  flow  is  cut  off  or  its  rate  of  injection  is  ta- 
pered  off,  it  can  be  assured  that  full  corrective  action  is 
restored  at  any  stage  if  the  disturbance  continues  or  re- 

10  starts.  The  arrangement  permits  considerable  simplifi- 
cation,  as  compared  with  prior  art  arrangements,  with- 
out  impairing  the  ability  to  control  disturbances.  It  is  also 
possible  very  simply  to  provide  manual  actuating  means 
which  allows  the  operator  to  put  the  arrangement  into 

is  operation. 
In  a  preferred  control  arrangement  according  to  the 

invention,  the  control  means  comprises  means  for  av- 
eraging  the  signal  sensed  at  each  said  spaced  position 
over  a  rolling  period  corresponding  to  the  sensing  of  the 

20  flow  at  least  at  three  circumferentially  successive  loca- 
tions  to  give  a  series  of  mean  values  from  which  a  flow 
disturbance  is  detected. 

Preferably  there  are  means  for  forming  a  difference 
signal  between  the  instantaneous  sensed  signal  and  the 

25  mean  signal,  means  for  measuring  the  relative  magni- 
tude  of  said  difference  signal  and  output  means  for  pro- 
ducing  an  actuating  signal  for  the  injection  upon  detec- 
tion  of  a  relative  magnitude  above  a  predetermined  level 
from  each  of  a  plurality  of  the  sensing  positions. 

30  The  generation  of  a  series  of  operative  outputs  from 
a  plurality  of  the  sensors  can  then  be  employed  to  ac- 
tuate  the  injection  means  in  a  sequential  pattern. 

Preferably  the  control  means  detects  at  least  one 
small  sharply  defined  patch  of  stalled  flow. 

35  Preferably  the  higher  pressure  gas  is  injected  to- 
ward  a  circumferential  region  that  follows  in  the  direction 
of  rotation  from  said  circumferential  region  in  which  said 
variation  has  been  detected. 

In  the  operation  of  the  apparatus  sequential  opera- 
40  tive  outputs  from  all  or  some  of  the  circumferentially 

spaced  sensors  at  a  particular  axial  station  would  indi- 
cate  rotating  stall,  while  simultaneous  operative  outputs 
from  all  or  some  of  said  sensors  would  indicate  a  surge 
condition.  In  either  case  a  gas  injection  process  would 

45  be  initiated  appropriate  to  the  type  of  disturbance 
sensed.  That  is  to  say,  a  stall  condition  would  be  coun- 
tered  by  circumferentially  sequential  injections  of  gas, 
whereas  all  the  injection  ports  would  be  opened  simul- 
taneously  for  a  surge  condition. 

so  It  is  also  possible  to  arrange  for  opening  of  all  injec- 
tion  ports  simultaneously  in  response  to  an  indication  of 
rotating  stall.  This  is  a  less  economic  use  of  the  pressu- 
rised  air  but  it  has  the  advantage  of  simplicity,  especially 
as  only  a  single  valve  may  be  needed. 

55  When  responding  to  a  circumferential  sequence  of 
operative  outputs  from  the  sensors,  it  may  be  found  ap- 
propriate  to  actuate  the  sequential  gas  injection  at  a  dif- 
ferent  phase  for  optimum  results  in  a  particular  installa- 

4 
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tion.  This  will  not  usually  be  necessary,  however,  and  in 
a  typical  axial  flow  compressor  it  can  be  assumed  that 
a  disturbance  is  generally  axial  in  nature.  It  may  there- 
fore  be  preferred  to  have  gas  injection  locations  axially 
coincident  with  downstream  locations  of  tappings  for  the 
higher  pressure  bleed.  If  a  rotating  disturbance  is  to  be 
suppressed,  the  sequential  operation  of  the  gas  injec- 
tion  around  the  circumference  of  the  rotor  can  act 
against  the  disturbance  both  at  the  gas  injection  and  at 
the  gas  extraction  locations. 

The  flows  through  the  injection  locations  are  con- 
trolled  by  respective  valves  for  individual  ports  or  groups 
of  ports.  By  grouping  the  ports  the  apparatus  is  simpli- 
fied  but  the  amount  of  injection  air  needed  is  increased. 
It  may  be  preferred  to  provide  multiple  orifice  ports 
spread  over  a  sector  of  the  circumference  at  each  gas 
injection  location  to  improve  the  distribution  of  the  inject- 
ed  flow. 

Preferably  the  outlet  means  comprise  nozzles  in 
which  a  projecting  portion  at  each  nozzle  exit  deflects 
the  injection  in  a  downstream  direction. 

Preferably  the  injector  means  comprises  nozzles  lo- 
cated  between  guide  vanes. 

Preferably  the  injector  means  comprise  nozzles  lo- 
cated  in  the  inner  wall  compressor  casing. 

Preferably  the  higher  pressure  gas  is  injected  to- 
ward  a  circumferential  region  that  follows  in  the  direction 
of  rotation  from  said  circumferential  region  in  which  said 
variation  has  been  detected. 
The  flow  may  be  directed  circumferentially  in  an  oblique 
direction  that  opposes  the  direction  of  rotation  of  the 
compressor. 

It  may  also  be  found  useful  for  an  operative  signal 
at  one  station  to  actuate  an  injection  flow  of  another  sta- 
tion,  for  example,  if  a  flow  disturbance  is  more  easily 
detected  at  a  station  downstream  from  its  initiation,  as 
for  example  the  appearance  of  rotating  stall  nearer  the 
compressor  outlet  at  higher  speeds.  As  a  practical  mat- 
ter  also,  the  sensing  means  should  not  be  disposed  so 
close  to  the  gas  injection  sites  that  their  signals  are  dis- 
turbed  by  the  inflowing  gas. 

Reference  will  be  made  to  the  accompanying  draw- 
ings  for  a  further  description  of  the  invention.  In  the 
drawings: 

Figs.  1  to  3  are  plots  of  a  series  of  simultaneous  air 
flow  measurements  from  circumferentially  spaced 
sensors  at  the  entry  end  of  an  axial  flow  air  com- 
pressor, 
Fig.  4  is  a  schematic  illustration  of  the  air  compres- 
sor  provided  with  flow  control  means  according  to 
the  invention, 
Figs.  5  to  11  are  further  plots  of  air  flow  measure- 
ments  in  the  compressor  illustrating  the  operation 
of  the  flow  control  means, 
Fig.  12  is  a  graph  of  the  compressor  characteristic 
indicating  the  improvement  of  performance  obtain- 
able  by  the  use  of  the  control  means, 

Fig.  1  3  is  a  schematic  illustration  of  an  axial  flow  jet 
engine  provided  with  control  means  according  to 
the  invention, 
Figs.  14  and  15  are  detail  views  that  illustrates  sche- 

5  matically  the  air  injection  means  at  a  portion  of  the 
circumference  of  a  compressor  casing,  and 
Fig.  1  5a  is  a  detail  view  of  a  modified  arrangement 
of  injection  ports, 
Fig.  16  is  a  sectional  view  of  one  form  of  control 

10  valve  for  the  injection  flow, 
Figs.  17  and  18  are  block  diagrams  illustrating  de- 
tails  of  the  control  arrangement  in  Fig.  13,  and 
Fig.  1  9  is  a  schematic  illustration  of  a  further  exam- 
ple  of  an  axial  flow  jet  engine  provided  with  control 

is  means  according  to  the  invention. 

Observations  indicate  that  stall  cell  in  an  axial  flow 
compressor  can  grow  from  an  undetectable  disturbance 
to  a  fully  developed  blockage  in  a  matter  of  milliseconds; 

20  this  development  will  usually  take  place  over  about  4  to 
6  revolutions  of  the  compressor  rotor.  The  stall  cell  may 
make  its  first  appearance  at  any  point  around  the  flow 
passage  through  the  compressor,  so  that  a  series  of 
spaced  sensors  are  needed  to  detect  the  origin  and  de- 

25  velopment  of  a  stall  cell.  Experiments  testing  the  basis 
of  the  present  invention  were  made  using  a  turbo-com- 
pressor  with  a  series  of  hot-wire  sensors  spaced  circum- 
ferentially  around  an  axial  position  immediately  ahead 
of  the  first  rotor  disc  as  shown  in  Fig.  4  (in  fact,  less  than 

30  half  a  blade  chord  upstream  of  the  rotor  disc)  and  locat- 
ed  radially  inwards  from  the  compressor  casing  by  about 
one  third  of  the  radial  depth  of  the  flow  passage.  In  the 
series  of  experiments  shown  in  Figs.  1  to  3  and  Figs.  5 
to  11,  simultaneous  traces  are  plotted  from  a  series  of 

35  sensors  at  equal  circumferential  spacings. 
In  Fig.  1  ,  where  the  outputs  from  six  circumferential- 

ly  spaced  hot-wire  sensors  l-VI  are  shown,  the  flow  into 
the  compressor  is  initially  in  a  steady  state  with  a  very 
low  level  of  disturbance.  An  emerging  stall  cell  can  first 

40  be  seen  as  a  small  disturbance,  namely  the  v-shaped 
peak  at  A  in  trace  III,  which  grows  progressively  as  it 
passes  each  successive  sensor.  By  the  end  of  its  third 
cycle  the  stall  cell  is  a  fully  developed  disturbance  rotat- 
ing  steadily  around  the  annular  passage. 

45  Through  a  similar  series  of  traces  Fig.  2  illustrates 
to  the  same  time  scale  as  Fig.  1  the  initiation  of  a  surge 
cycle,  the  first  sign  of  which  is  the  v-shaped  stall  cell 
emerging  first  in  trace  IV.  The  subsequent  development 
after  a  couple  of  revolutions  is  notably  different  from  the 

so  development  of  rotating  stall,  and  the  outputs  from  all 
the  sensors  show  a  concurrent  and  relatively  long-lived 
drop  of  flow  rate.  In  fact,  only  the  first  part  of  the  surge 
cycle  appears  in  Fig.  2  and  Fig.  3  shows,  over  a  longer 
time  scale,  the  complete  "stall-backflow-refill"  se- 

55  quence.  Steady  flow,  dropping  slightly  as  the  back  pres- 
sure  builds  up,  finally  breaks  down  and  the  flow  revers- 
es,  steady  flow  being  resumed  again  at  a  higher  rate 
because  of  the  reduced  back  pressure.  It  is  significant 

5 
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to  note  that  these  experimental  results  show  that  both 
stall  and  surge  begin  with  the  formation  of  a  small, 
sharply  defined  patch  of  stalled  flow,  although  it  will  not 
necessarily  exhibit  the  v-shape  profile  that  appears  in 
the  illustrated  traces.  This  is  despite  the  fact  that,  as  a 
system  related  phenomenon,  surge  might  be  expected 
to  develop  as  some  form  of  "volume  and  duct"  instability. 

Fig.  4  illustrates  in  outline  the  axial  flow  compressor 
C  equipped  with  flow  control  means  in  accordance  with 
the  invention.  The  hot  wire  sensors  2  can  be  seen  im- 
mediately  between  a  ring  of  fixed  guide  vanes  4  and  a 
ring  6  of  rotor  blades.  At  the  same  axial  position  but  cir- 
cumferentially  spaced  from  the  sensors  a  circumferen- 
tially  distributed  series  of  air  inlets  8  (only  one  of  which 
is  shown)  blend  tangentially  with  the  inner  wall  1  0  of  the 
compressor  casing.  The  inlets  are  directed  rearwards 
into  the  adjacent  rotor  blade  ring.  The  inlets  are  set  at 
an  angle  in  the  circumferential  sense  that  may  be  deter- 
mined  empirically  but  that  preferably  directs  them  coun- 
ter  to  the  direction  of  rotation  of  the  rotor.  The  inlets  8 
are  connected  by  conduits  12  through  respective  fast- 
acting  shut-off  valves  1  4,  to  a  series  of  conduits  1  8  lead- 
ing  from  a  number  of  tappings  20  similarly  distributed 
around  the  circumference  of  the  high-pressure  end  of 
the  compressor  to  supply  high-pressure  air  for  injection 
through  the  inlets. 

The  valves  1  4  are  normally  shut  but  can  be  opened 
by  a  control  circuit  22  in  dependence  upon  the  signals 
from  the  sensors  2.  As  will  be  described  in  more  detail 
below,  detection  of  a  disturbance  by  some  or  all  of  the 
sensors  greater  than  the  anticipated  level  of  noise  in  the 
steady  flow  at  the  compressor  inlet  triggers  the  opening 
of  the  valves  14  to  inject  onto  the  first  ring  of  rotor  blades 
6  the  high  pressure  flow  bled  from  the  outlet  end  of  the 
compressor. 

In  Fig.  5  the  outputs  from  a  series  of  four  equis- 
paced  hot-wire  sensors  are  shown,  with  a  stall  cell  ap- 
pearing  first  in  the  trace  of  sensor  II.  As  the  stall  cell 
circulates  past  sensors  III  and  IV,  the  control  circuit  22 
is  able  to  confirm  that  the  disturbance  is  not  an  instru- 
ment  fault  and  the  output  from  the  control  circuit  is 
turned  on  to  open  the  valves  14.  Fig.  5  demonstrates 
how  the  injection  of  high  pressure  air  immediately  sup- 
presses  the  stall  cell. 

Fig.  6  illustrates  the  same  set-up  in  which,  con- 
versely,  overriding  the  control  unit  and  switching  the 
valve  14  closed  allows  the  stall  cell  to  reappear  and  a 
fully  developed  rotating  stall  condition  quickly  establish- 
es  itself. 

To  economise  on  the  use  of  high  pressure  air,  the 
control  unit  22  should  close  the  valves  once  the  stall  cell 
has  been  suppressed.  The  use  of  a  timer  to  switch  the 
valves  off  is  illustrated  in  an  experiment  that  produced 
the  traces  shown  in  Fig.  7.  The  steady  flow  is  close 
enough  to  a  critical  condition  for  a  stall  cell  to  appear 
after  a  short  time  with  the  valves  closed,  but  on  each 
occasion  when  the  control  system  is  operative,  the  dis- 
turbance  is  quickly  removed.  As  indicated  by  the  trace 

S  in  Fig.  7,  the  control  system  was  switched  off  after 
demonstrating  its  efficiency,  whereupon  the  next  re- 
emergence  of  the  stall  cell  led  to  a  rotating  stall  condi- 
tion. 

5  Figs.  8  and  9  show  a  similar  experiment  to  that  in 
Fig.  7,  here  using  piezo-electric  sensors,  which  are  able 
to  actuate  the  opening  of  the  individual  injection  valves 
each  operatively  linked  with  a  circumferentially  adjacent 
sensor  to  inject  high  pressure  air  through  the  inlets  8. 

10  Fig.  8  demonstrates  how  the  disturbance  is  sup- 
pressed  each  time  that  an  incipient  stall  cell  is  detected. 
Fig.  9  shows  the  opening  and  closing  sequence  of  the 
control  valves  which  control  the  counteracting  flow  in- 
jection.  As  shown  by  some  of  the  incidents  in  traces  II 

is  and  IV,  it  is  possible  to  arrange  for  the  control  unit  to 
respond  to  a  persistent  disturbance  so  fast  that  in  effect 
the  period  of  valve  opening  is  extended. 

In  Fig.  1  0  there  is  an  illustration  of  the  sensor  traces 
recorded  during  a  typical  surge  cycle  in  which  the  com- 

20  pressor  of  Fig.  4  delivers  its  output  to  a  tank  to  produce 
a  progressive  pressure  increase  at  the  compressor  out- 
let.  After  the  initial  disturbance  of  the  steady  state  flow 
with  stalling  of  the  compressor,  a  reverse  flow  from  the 
tank  allows  the  exit  pressure  to  fall  until  normal  steady 

25  state  flow  is  resumed,  the  cycle  being  repeated  as  the 
tank  pressure  rises  to  a  critical  level. 

In  Fig.  11,  the  same  surge  cycle  is  shown,  to  a  com- 
pressed  time  scale,  in  which  the  control  system  was 
switched  on  for  a  period  in  the  middle  of  the  cycle.  As 

30  will  be  clear,  the  surge  cycle  was  suppressed  by  the  op- 
eration  of  the  injection  valves  and  reappeared  when  the 
control  system  was  switched  off.  The  trace  shows  an 
output  from  a  single  hot-wire  sensor  ahead  of  the  first 
rotor  stage. 

35  Fig.  1  2  illustrates  a  typical  pressure  rise  character- 
istic  of  an  axial  flow  compressor.  Without  the  use  of  the 
present  invention,  instability  and  a  drastic  drop  in  per- 
formance  would  be  met  at  the  point  on  the  characteristic 
indicated  by  the  arrow  A.  With  the  use  of  the  invention, 

40  the  characteristic  extends  to  the  point  indicated  by  the 
arrow  B  before  breakdown  occurs.  Since  in  actual  per- 
formance  it  is  necessary  to  operate  with  a  significant 
safety  margin  because  of  the  catastrophic  consequenc- 
es  of  breakdown,  the  extension  of  the  range  of  operation 

45  offered  by  the  use  of  the  invention  is  able  to  yield  a  sub- 
stantial  improvement  in  performance. 

Fig.  13  illustrates  schematically  the  application  of 
control  apparatus  according  to  the  invention  to  a  gas  tur- 
bine  which  comprises  an  axial  flow  compressor  A,  corn- 

so  bustion  chamber  C  and  turbine  T,  the  compressor  and 
turbine  being  coupled  by  a  shaft  S  to  rotate  together. 
Flow  sensors  are  located  at  two  axial  stations,  namely 
the  sensors  1  02a  in  front  of  the  first  stage  of  blades  disc 
106a  and  the  sensors  102b  behind  a  stage  106b  near 

55  the  high  pressure  outlet.  At  each  station  there  is  a  series 
of  three  or  more  of  the  sensors  102  circumferentially 
equally  spaced  around  the  casing. 

A  first  series  of  injection  ports  108a  are  distributed 

6 
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around  the  compressor  casing  upstream  of  the  front 
stage  1  06a  but  circumferent  ally  offset  from  the  sensors 
102a.  A  similar  series  of  bleed  ports  110a  around  the 
circumference  of  an  intermediate  stage  of  the  compres- 
sor  allow  gas  flow  through  conduits  116  to  the  lower 
pressure  regime  at  the  injection  ports  108a  when  nor- 
mally  closed  valves  114a  are  opened.  A  further  series 
of  circumferentially  distributed  injection  ports  108b  ad- 
jacent  the  bleed  ports  1  1  0a  can  receive  higher  pressure 
gas  from  similarly  distributed  bleed  ports  110b  through 
conduits  118  and  further  normally  closed  valves  114b. 
For  clarity  this  arrangement  of  ports  and  valves  is  illus- 
trated  at  diametrically  opposite  sides,  but  as  is  de- 
scribed  below,  the  circumference  of  the  compressor  is 
divided  into  a  number  of  equal  sectors,  eg.  6  to  1  2,  each 
of  wh  ich  has  its  own  pai  r  of  valves  1  1  4a,  1  1  4b  and  asso- 
ciated  conduits  116,118  controlling  the  flow  through  a 
series  of  injection  and  bleed  ports  distributed  over  the 
sector. 

The  arrangement  shown  in  Fig.  13  provides  two 
separate  recirculation  systems  which  can  be  operated 
independently  of  each  other.  As  illustrated,  the  interme- 
diate  to  front  stage  recirculation  through  the  valves 
1  1  4a,  intended  to  counter  low  power  instabilities,  is  reg- 
ulated  by  a  control  circuit  202a  in  response  to  the  signals 
from  the  sensors  102a  at  the  front  of  the  compressor. 
Recirculation  from  the  rear  to  intermediate  stages 
through  the  valves  114b  is  regulated  by  control  circuit 
202b  in  accordance  with  the  signals  from  sensors  1  02b 
near  the  rear  of  the  compressor.  Further  details  of  the 
control  circuit  202  will  be  described  with  reference  to 
Figs.  17  and  18. 

Figs.  14  and  15  illustrate  in  more  detail  the  air  in- 
jection  arrangement  at  a  typical  port  108.  The  port  is 
located  in  a  ring  of  guide  vanes  1  22  mounted  on  the  cas- 
ing  inner  wall  124  of  an  axial  compressor.  Each  port 
comprises  a  group  of  three  nozzles  126  opening  into  the 
compressor  gas  flow  passage  from  a  plenum  128.  The 
nozzles  are  inclined  at  30°  to  the  axial  direction  to  direct 
injected  air  I  obliquely  into  the  main  flow  F  at  as  shallow 
a  radial  angle  as  possible.  The  division  of  the  flow 
through  a  number  of  nozzles  helps  to  keep  the  radial 
angle  of  injection  small.  To  assist  further  in  limiting  the 
radial  angle  of  injection  a  lip  130  shrouds  the  leading 
portion  of  the  outlet  of  each  nozzle.  The  nozzles  126 
may  also  be  inclined  circumferentially  so  that  the  flow 
through  them  is  injected  with  some  whirl  component  in 
a  direction  counter  to  the  whirl  component  of  the  main 
flow  through  the  guide  vanes. 

Fig.  15a  illustrates  an  alternative  location  of  the 
ports  126,  in  the  axial  gap  between  the  trailing  edges  of 
the  stator  guide  vanes  1  22  and  the  leading  edges  of  the 
rotor  blades  123.  An  advantage  of  the  arrangement 
shown  in  Fig.  1  5a  is  that  the  circumferential  angle  of  in- 
jection  can  be  more  freely  varied  because  it  is  not  limited 
by  the  proximity  of  the  stator  guide  vanes.  The  angle 
may  be  varied  quite  widely  but  it  preferably  lies  between 
the  axial  direction  and  an  angle  to  that  direction  substan- 

tially  equal  to  the  stagger  angle  of  the  rotor  blades  of 
the  adjacent  ring. 

The  ports  108  are  disposed  between  each  succes- 
sive  pair  of  guide  vanes  1  22  and  they  are  connected  in 

5  groups  to  a  series  of  six  plenums  1  28  so  that  each  ple- 
num  supplies  injection  air  to  a  60°  sector  of  the  com- 
pressor  circumference.  Each  60°  sector  has  its  own 
control  valve  1  1  4  and  is  connected  to  the  extraction  port- 
ing  110  of  a  corresponding  60°  sector  at  the  downstream 

10  station.  For  each  60°  sector  there  may  be  a  single  flow 
sensor  102,  or  a  plurality  of  circumferentially  spaced 
sensors,  preferably  at  substantially  the  same  axial  sta- 
tion  as  the  injection  ports.  The  sensors  102  are  prefer- 
ably  static  pressure  sensors  mounted  flush  in  the  casing 

is  wall,  as  indicated  in  Fig.  14. 
A  preferred  form  of  the  valve  114  to  obtain  an  ap- 

propriately  fast  response  to  the  detection  of  a  flow  dis- 
turbance  is  shown  in  Fig.  16.  This  is  an  oscillatory  rotary 
valve  comprising  a  rotor  142  mounted  on  a  spindle  144 

20  in  a  casing  146  through  upper  and  lower  bearings 
148,150.  The  rotor  142  is  a  hollow  cylinder  closely  fitting 
but  freely  slidable  in  a  cylindrical  stator  152.  Both  rotor 
and  stator  have  a  series  of  spaced  slots  1  54  in  their  cy- 
lindrical  walls,  and  the  two  series  of  slots  can  be  moved 

25  in  and  out  of  register  by  a  relatively  small  rotary  move- 
ment  of  the  rotor.  With  the  slots  out  of  register  flow 
throug  the  valve  is  blocked.  When  the  slots  are  in  reg- 
ister,  gas  from  supply  conduit  156  reaching  the  encir- 
cling  entry  chamber  1  58  in  the  valve  casing  1  46  can  flow 

30  through  the  slots,  past  the  spider  159  supporting  the 
lower  bearing  150  and  through  the  valve  outlet  160.  To 
achieve  fast  switching  the  valve  rotor  has  a  lightweight 
construction,  eg.  of  a  carbon  composite  material.  The 
stator  is  preferably  made  of  the  same  material  to  ensure 

35  fit  is  maintained  over  a  range  of  temperatures. 
Movement  of  the  valve  is  controlled  electromagnet- 

ically  by  a  torque  motor  162  comprising  an  electromag- 
net  164  secured  in  the  casing  and  an  armature  166  at- 
tached  to  the  rotor  142.  The  motor  is  displaceable  be- 

40  tween  end  positions  which  correspond  to  the  valve  open 
and  closed  states  so  that  no  mechanical  stops  are  re- 
quired  to  locate  the  rotor  at  either  position. 

That  part  of  a  control  circuit  202  dealing  with  an  in- 
dividual  sensor  output  is  shown  in  more  detail  in  Figs. 

45  17  and  18.  As  shown  in  Fig.  17,  the  electronic  signal  a 
from  each  sensor  output  is  first  filtered  in  a  low-pass  fil- 
ter  210  to  remove  blade  order  disturbances  and  the  fil- 
tered  signal  b  is  then  processed  in  an  integrator  212. 
The  integrator  functions  to  give  an  average  sensor  value 

so  c  over  a  rolling  period  equal  to  the  sampling  of  at  least 
three  successive  sensors  102  -  for  example  if  there  is 
one  sensor  per  sector  the  rolling  period  can  be  as  little 
as  one  half  revolution.  The  average  value  gives  a  steady 
but  continuously  updated  base  level  against  which  the 

55  magnitude  of  instantaneous  variations  can  be  meas- 
ured. 

The  integrated  output  c  is  compared  with  the  filtered 
instantaneous  signal  b  in  a  subtraction  unit  21  4,  the  dif- 

7 



13 EP  0  543  908  B1 14 

ference  d  between  the  two  signals  being  the  perturba- 
tion,  ie  the  divergence  of  the  instantaneous  signal  from 
the  rolling  average.  A  divider  circuit  216  calculates  the 
ratio  of  the  perturbation  d  to  the  current  average  value 
c,  so  that  a  non-dimensional  measure  e  of  the  deviation 
is  obtained.  The  output  e  from  the  divider  circuit  216  is 
fed  to  at  least  a  first  discriminator  218  to  be  compared 
with  a  pre-set  level  X  which  must  at  least  be  matched  if 
the  air  injection  is  to  be  operated.  The  output  f  from  the 
discriminator  is  on  if  the  magnitude  of  the  division  is 
greater  than  or  equal  to  X.  The  pre-set  perturbation  op- 
eration  level  X  is  chosen  to  be  the  value  that  would  ap- 
pear  in  a  stall  condition. 

The  signals  b  obtained  from  the  individual  sensors 
and  the  outputs  f  are  used  to  actuate  an  array  of  AND- 
gates  21  9-21  9n  each  linked  to  a  respective  valve  114. 
Each  valve  is  opened  when  its  AND-gate  receives  both 
an  output  f  and  a  signal  from  the  sensor  circumferentially 
associated  with  its  valve,  and  so  produces  an  output 
which  operates  relay  220  of  the  valve.  Each  of  the  valves 
is  therefore  opened  in  turn  in  coordination  with  the  cir- 
cumferential  position  of  the  flow  signal  sensed  when  that 
signal  has  generated  the  perturbation  output  f.  It  will  be 
seen  that  the  valve  to  be  opened  may  be  for  the  same 
segment  of  the  compressor  air  passage  as  that  in  which 
the  perturbation  was  sensed,  or  it  may  be  for  a  sector 
that  follows  in  the  direction  of  rotation  if  it  is  necessary 
to  compensate  for  a  lag  in  the  response. 

A  further  discriminator  218'  in  the  circuit  of  Fig.  18 
may  also  receive  the  signal  e  and  be  tuned  to  respond 
with  an  output  f  at  a  level  X'  that  is  greater  than  the  value 
that  would  appear  in  normal  engine  operating  conditions 
such  as  acceleration  and  deceleration,  but  is  less  than 
the  level  that  would  appear  in  a  stall  condition.  This  can 
for  example  be  used  to  counter  flow  distortion  at  ex- 
treme  flight  altitudes,  for  example. 

Additional  and/or  alternative  ways  of  providing  the 
required  recirculation  flow  may  be  achieved  by  process- 
ing  the  outputs  f  or  f  as  shown  in  Fig.  18.  In  the  circuit 
of  Fig.  18,  a  store  222  has  addresses  223  for  the  outputs 
from  the  discriminators  21  8  for  all  of  the  sensors,  of  each 
stage.  When  an  output  f!(e>X)  occurs,  that  signal  is  held 
for  at  least  the  rolling  period  of  the  integrator  212,  as 
determined  by  the  input  signal  of  compressor  speed  N. 
The  values  held  in  the  store  are  extracted  in  step  with 
the  scanning  of  the  addresses  223  and  are  summed  in 
an  addition  circuit  224  for  all  of  the  sensors  in  the  stage. 
Comparator  228  determines  if  the  summed  signals  ex- 
ceed  predetermined  values,  whereupon  a  valve  control 
circuit  232  is  actuated  to  open  the  injection  valve  or 
valves  1  1  4  to  the  appropriate  compressor  locations.  Si- 
multaneously,  a  timer  234  is  actuated  to  close  the  valves 
114  again  after  a  set  period,  which  may  correspond  to 
as  little  as  one  or  two  revolutions  of  the  compressor. 

If  it  is  desired  to  monitor  the  need  for  a  recirculatory 
flow,  such  as  from  the  ports  110a  to  the  ports  108a,  by 
means  of  flow  sensors  at  a  number  of  stages  between 
these  two  sets  of  ports,  the  circuit  of  Fig.  18  can  be  fur- 

ther  expanded  by  including  a  respective  further  addition 
circuit  226  for  the  sensors  of  different  stages  but  similar 
circumferential  position.  It  can  be  expected  that  these 
signals  will  reinforce  each  other  if  rotating  stall  is 

5  present.  A  comparator  230  determines  if  the  summed 
signals  exceed  predetermined  values  to  open  the  valve 
control  circuit  232  in  the  manner  already  described. 

Fig.  19  shows  a  gas  turbine  having  an  installation 
according  to  the  invention  with  isolation  valves  250 

10  which  are  similar  to  the  valves  1  1  4  but  are  designed  for 
3-way  operation.  Each  valve  250  has  three  alternative 
positions,  (i)  closed,  in  which  the  conduits  252,254,256 
communicating  with  the  valve  are  isolated  from  each 
other,  (ii)  a  first  operative  position,  in  which  conduits 

is  252,254  are  connected  together  and  the  conduit  256  re- 
mains  isolated,  and  (iii)  a  second  operative  position  in 
which  the  conduits  254,256  are  connected  together  and 
the  conduit  252  is  isolated.  The  valve  250  illustrated  and 
its  associated  conduits  of  course  represent  only  one  of 

20  a  series  of  such  air  circulation  devices  distributed  at 
spaced  intervals  around  the  circumference  of  the  com- 
pressor  to  take  air  from  and  deliver  it  to  rings  of  nozzles 
at  the  chosen  take-off  and  injection  stages. 

The  control  system  shown  in  Fig.  1  9  includes  an  in- 
25  let  temperature  sensor  262  and  a  shaft  speed  sensor 

264  which  provide  inputs  through  A-D  convertors 
266,268  of  temperature  T  and  rotational  speed  N  to  an 
operating  unit  270.  The  unit  270  operates  on  the  inputs 
to  produce  an  output  Na/T  which  represents  the  correct- 

so  ed  speed,  a  parameter  of  flow  conditions  in  the  com- 
pressor. 

A  processing  unit  280  operates  in  the  manner  al- 
ready  described  with  reference  to  the  units  202,  in  ac- 
cordance  with  signals  from  static  pressure  sensors 

35  282,284  indicating  a  flow  disturbance  actuating  the 
opening  of  the  valves  250  to  produce  a  fixed  period  of 
air  injection.  In  addition,  however,  the  value  of  the  Na/T 
value  is  input  to  the  processor  280  to  determine  whether 
the  output  from  the  unit  280  actuates  the  valve  250  to 

40  open  the  path  254,252  or  the  path  256,254.  Lower  val- 
ues  of  Na/T  indicate  lower  power  operation  of  the  com- 
pressor  and  the  valve  250  is  actuated  so  that  air  tapped 
from  the  intermediate  station  is  injected  into  the  front  of 
the  compressor  via  the  conduits  252.  Higher  values  of 

45  nVT  indicate  that  any  disturbance  to  be  acted  upon  re- 
quires  correction  in  the  downstream  stages  and  the 
valve  250  so  opens  that  air  from  the  compressor  exit  is 
injected  into  the  intermediate  stage  via  the  conduits  254. 

It  will  be  noted  that,  in  contrast  to  an  active  control 
so  system,  there  is  no  linear  feedback  control  in  the  sys- 

tems  that  have  been  described.  Because  of  this  the  con- 
trol  system  can  be  considerably  simplified.  Detection  of 
a  disturbance  exceeding  a  predetermined  level  produc- 
es  a  fixed  response  (with  the  possibility  of  discrete  forms 

55  of  response  being  available  for  different  forms  of  distur- 
bances).  It  is  found  that  it  is  possible  to  take  effective 
action  even  though  this  process  requires  a  perturbation 
to  become  measurable  before  the  response  is  initiated. 

8 
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If  the  disturbance  persists  the  system  can  simply  actu- 
ate  a  further  fixed  response. 

The  method  of  control  according  to  the  invention 
can  also  operate  to  counter  a  steady  flow  distortion,  ie. 
some  element  of  circumferential  asymmetry  in  the  flow 
which,  although  not  necessarily  leading  to  a  catastroph- 
ic  disruption  of  the  flow,  reduces  the  efficiency  of  the  tur- 
bo-compressor.  For  this  purpose,  the  control  systems 
would  be  arranged  to  act  on  the  appropriate  single  in- 
jection  valves  or  selected  groups  of  the  valves  at  a  par- 
ticular  station  and  sector  when  a  steady  flow  distortion 
is  indicated  by  the  signals  sensed. 

If  similar  means  for  air  injection  are  provided  at  a 
number  of  axial  stations,  the  circumferentially  corre- 
sponding  injection  conduits  at  two  or  more  stations  may 
share  the  same  control  valve.  If  injection  is  required  only 
to  counter  incipient  surge  conditions,  a  circumferential 
series  of  injection  conduits  may  be  connected  to  a  com- 
mon  control  valve. 

It  may  be  mentioned  here  that  although  reference 
has  been  made  to  the  injection  flow  being  input  in  a  cir- 
cumferentially  successive  manner  in  response  to  the 
detection  of  a  rotating  stall  cell,  it  is  also  possible  to  inject 
the  flow  simultaneously  over  the  whole  circumference, 
so  that  the  control  layout  is  simplified  even  though  the 
injection  flow  may  be  used  less  economically. 

It  is  possible  to  employ  the  collected  data  for  further 
control  functions.  If  the  rolling  average  of  the  sensor  out- 
puts  for  any  one  stage  of  the  compressor  are  added  and 
the  rolling  average  for  each  individual  sensor  is  subtract- 
ed,  a  measure  of  circumferential  steady  distortion  of  the 
air  flow  is  obtained.  If  a  number  of  transducers  in  sub- 
stantially  the  same  line  of  flow  through  the  compressor 
show  a  difference  of  sufficient  magnitude  from  the  av- 
erage  of  their  respective  stages,  the  valve  or  valves  as- 
sociated  with  that  flow  line  can  be  opened  to  reduce  or 
prevent  such  steady  state  distortion.  This  can  prevent 
distortion  of  the  intake  flow  inducing  surge  prematurely. 
Further  illustration  of  this  mode  of  operation  is  not  nec- 
essary  as  essentially  the  only  addition  required  to  per- 
form  this  function  is  an  extension  of  the  logic  algorithm 
of  the  circuit  of  Fig.  18  to  compare  the  time  average  of 
each  sensor  input  with  the  space  and  time  average  of 
its  stage. 

For  most  purposes  it  may  be  suitable  to  switch  the 
injection  flow  on  and  off  without  any  attempt  to  graduate 
the  flow.  It  is  possible,  however,  to  control  the  injection 
in  such  a  way  as  to  minimise  any  loss  of  efficiency  the 
recirculation  produces.  For  example,  instead  of  opening 
an  injection  valve  fully  when  an  instability  is  detected, 
the  amount  of  opening  may  be  graduated,  or  the  injected 
flow  volume  may  be  reduced  if  the  valve  is  opened  and 
closed  several  times  in  quick  succession.  In  the  case  of 
a  graduated  or  proportional  opening,  it  may  be  arranged 
that  an  initial  command  opens  the  valve  eg.  up  to  25%, 
and  then  if  there  is  a  further  command  from  the  logic 
circuitry  to  open  the  valve  it  is  opened  wider.  In  this  way 
detection  of  a  minor  unstable  condition  correctable  by 

partial  opening  of  the  valve  will  not  excite  an  excessive 
response  with  the  resulting  loss  of  engine  efficiency. 
Graduation  of  the  flow  shut-off  has  already  been  re- 
ferred  to  as  a  measure  to  increase  efficiency.  It  will  be 

5  seen  that  by  the  use  of  electromagnetic  control  for  the 
preferred  form  of  isolation  valve,  such  controlled  move- 
ments  can  readily  be  obtained  by  means  known  in  the 
art,  eg.  a  proportional  response. 

The  form  of  response  may  also  be  matched  to  the 
10  type  of  instability  being  detected.  In  the  case  of  rotating 

stall,  the  distortion  will  circulate  around  the  circumfer- 
ence  of  any  particular  stage  and  if  the  distortion  is 
sensed  in  sequence  by  the  associated  sensors,  it  may 
not  be  necessary  to  inject  pressure  air  through  all  the 

is  inlets  associated  with  that  stage.  A  sequential  injection 
in  phase  with  the  distortion  may  then  be  sufficient.  That 
does  not  apply  if  the  distortion  is  sensed  simultaneously 
by  all  the  sensors,  indicating  a  surge  condition. 

The  speed  of  response  of  the  system  is  dependent 
20  upon  the  level  of  discrimination,  which  must  be  suffi- 

ciently  low  to  enable  corrective  action  to  be  initiated  be- 
fore  any  significant  loss  of  engine  power  occurs,  yet 
must  not  be  so  sensitive  as  to  respond  to  the  normal 
and  inevitable  variations  that  occur  in  the  operation  of 

25  an  axial  flow  compressor,  such  as  the  blade  to  blade 
differences  and  the  wake  disturbances  of  each  blade 
giving  a  blade  passing  frequency  variation.  This  latter  is 
usually  the  most  significant  noise  component  in  the  axial 
flow  compressor  of  an  aero  engine  and  would  give  a  var- 

30  iation  there  of  about  2%.  The  limiting  value  for  initiating 
corrective  action,  ie.  the  value  of  X  for  the  discriminators 
218  (Fig.  17),  would  thus  be  set  above  the  2%  level  in 
such  an  installation. 

Although  the  invention  has  been  described  in  rela- 
ys  tion  to  axial  compressors,  it  is  also  applicable  to  the  con- 

trol  of  disturbances  such  as  surge  in  centrifugal  com- 
pressors. 

Whereas  the  signal  processing  elements  of  the 
above  embodiments  of  the  invention  have  been  de- 

40  scribed  in  connection  with  Figs.  17  and  18  as  discrete 
components  or  blocks  in  electronic  circuits,  it  should  be 
understood  that  the  invention  is  not  so  limited  and  em- 
braces  such  signal  processing  when  carried  out  as  pro- 
gram  steps  in  a  digital  computer,  a  microprocessor- 

's  based  control  unit  being  the  preferred  option. 

Claims 

so  1.  A  method  of  controlling  gas  flow  in  a  compressor 
(C),  comprising  the  steps  of: 

sensing  the  flow  at  a  series  of  circumferentially 
spaced  positions  (2)  around  the  compressor; 

55  detecting  variations  in  the  flow  in  one  circum- 
ferential  region  relative  to  another;  and 
upon  such  variation  being  detected,  injecting 
(8)  higher-pressure  gas  into  the  compressor, 

55 
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characterised  in  that  the  higher-pressure  gas 
is  injected  generally  in  the  direction  of  flow  through 
the  compressor; 
the  higher-pressure  gas  is  taken  from  a  higher- 
pressure  region  of  the  compressor  downstream  of  s 
said  circumferentially  spaced  positions  (2)  and  is  in- 
jected  toward  a  circumferential  region  in  which  said 
variation  has  been  detected,  the  higher  pressure 
gas  is  injected  into  the  compressor  at  a  radially  di- 
rected  angle  of  not  substantially  more  than  30°.  10 

2.  A  method  according  to  claim  1  ,  wherein  the  series 
of  circumferentially  spaced  positions  (2)  is  at  a  cho- 
sen  axial  station  in  the  direction  of  flow  through  the 
compressor  (C),  only  variations  in  the  flow  above  a  15 
predetermined  limit  of  variation  are  detected,  and 
the  higher-pressure  gas  is  injected  into  the  com- 
pressor  (C)  upstream  of  the  higher-pressure  region 
in  a  circumferentially  selective  manner  dependent 
upon  the  circumferential  origins  of  said  variations,  20 
thereby  to  act  against  flow  disturbances  indicated 
by  said  variations. 

3.  A  method  according  to  claim  1  or  claim  2,  in  which 
the  higher-pressure  gas  is  injected  in  a  series  of  dif-  25 
ferent  sectors  around  the  compressor,  the  flow  var- 
iations  being  independently  sensed  in  each  of  the 
sectors. 

4.  A  method  according  to  claim  3,  wherein  the  higher  30 
pressure  gas  is  taken  from  the  same  sector  as  that 
into  which  it  is  injected. 

5.  A  method  according  to  any  preceding  claim,  where- 
in  the  injection  of  higher-pressure  gas  is  gradually  35 
reduced  after  initiation. 

6.  A  method  according  to  any  preceding  claim,  where- 
in  the  injection  of  higher-pressure  gas  is  terminated 
after  a  predetermined  period.  40 

7.  A  method  according  to  any  one  of  claims  2  to  6, 
wherein  flow  variations  above  the  predetermined 
limit  of  variation  are  detected  at  one  of  a  plurality  of 
stations  spaced  from  each  other  in  the  flow  direction  45 
and  the  injection  of  higher-pressure  gas  is  initiated 
adjacent  said  one  station  in  response  to  said  detec- 
tion. 

8.  A  method  according  to  any  one  of  claims  2  to  6,  so 
wherein  flow  variations  above  the  predetermined 
limit  of  variation  are  detected  at  one  of  a  plurality  of 
stations  spaced  from  each  other  in  the  flow  direction 
and  the  injection  of  higher-pressure  gas  is  initiated 
a  substantial  distance  upstream  of  said  one  station  55 
in  response  to  said  detection. 

9.  A  method  according  to  claim  8,  wherein  flow  varia- 

tions  are  sensed  at  least  at  a  first  station  adjacent 
the  entry  of  the  compressor  and  at  a  second  station 
intermediate  the  flow  path  through  it  and  higher- 
pressure  gas  is  injected  to  act  against  flow  varia- 
tions  detected  at  each  station,  the  higher-pressure 
gas  for  the  first  station  being  bled  from  adjacent  the 
second  station  and  the  higher-pressure  gas  for  the 
second  station  being  bled  from  downstream  of  the 
second  station. 

10.  A  method  according  to  any  one  of  the  preceding 
claims,  wherein  to  detect  a  flow  disturbance,  a 
sensed  signal  of  the  flow  variations  at  each  circum- 
ferentially  spaced  position  is  averaged  over  a  rolling 
period  corresponding  to  the  sensing  of  the  flow  at 
least  at  three  circumferentially  successive  locations 
to  give  a  series  of  mean  values  of  the  sensed  signal. 

11.  A  method  according  to  claim  10,  wherein  a  differ- 
ence  signal  is  derived  from  the  sensed  signal  and 
the  mean  signal,  a  measure  of  the  relative  magni- 
tude  of  the  difference  signal  is  obtained,  and  the 
higher-pressure  gas  is  injected  if  the  relative  mag- 
nitude  of  the  difference  signal  for  each  of  a  plurality 
of  the  sensing  positions  is  above  a  predetermined 
limit  of  variation. 

12.  A  method  according  to  any  one  of  claims  1  to  11, 
wherein  the  high-pressure  injection  of  gas  is  initiat- 
ed  when  flow  variations  above  the  predetermined 
limit  of  variation  are  sensed  sequentially  for  at  least 
some  of  the  circumferentially  spaced  positions. 

13.  A  method  according  to  any  preceding  claim,  where- 
in  the  detecting  of  variations  comprises  detecting  at 
least  one  small  sharply  defined  patch  of  stalled  flow. 

1  4.  A  method  according  to  any  preceding  claim,  for  con- 
trolling  flow  in  an  axial  compressor,  in  which  the 
higher-pressure  gas  is  injected  in  a  direction  having 
a  circumferential  component  in  opposition  to  the  di- 
rection  of  rotation  of  the  compressor  rotor. 

15.  A  method  according  to  any  preceding  claim,  where- 
in  the  predetermined  limit  of  flow  variation  is  not 
substantially  less  than  2%  of  the  mean  value  of  the 
main  flow  through  the  compressor. 

16.  Apparatus  for  controlling  gas  flow  in  a  compressor 
(C),  comprising: 

an  array  of  sensors  (2)  for  sensing  the  flow  at 
a  series  of  circumferentially  spaced  positions 
around  the  compressor  and  outputting  flow-re- 
lated  signals  therefrom; 
control  means  (22)  in  communication  with  the 
sensors  to  detect  variations  in  the  flow  in  one 
circumferential  region  relative  to  another  and  to 
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output  control  signals  upon  such  variations  be- 
ing  detected;  and 
injector  means  (8,14)  operative  upon  receipt  of 
the  control  signals  to  inject  higher-pressure  gas 
into  the  compressor, 

characterised  in  that  injector  means  (8,14)  is 
arranged  to  inject  the  higher-pressure  gas  generally 
in  the  direction  of  the  main  flow  through  the  com- 
pressor  (C),  means  for  tapping  the  higher-pressure 
gas  from  a  higher-pressure  region  of  the  compres- 
sor  (C)  downstream  of  said  circumferentially 
spaced  positions  and  the  injector  means  (8,14)  be- 
ing  arranged  to  inject  the  higher-pressure  gas  to- 
ward  a  circumferential  region  in  which  said  variation 
has  been  detected,  the  injector  means  (8,14)  is  ar- 
ranged  to  inject  the  higher-pressure  gas  into  the 
compressor  (C)  at  a  radially  directed  angle  of  not 
substantially  more  than  30°. 

17.  Apparatus  according  to  claim  16,  in  which  the  injec- 
tor  means  (8,14)  comprises  a  circumferential  array 
of  injectors  (8)  and  the  control  means  (22)  is  adapt- 
ed  to  operate  the  injector  means  (8,14)  in  a  circum- 
ferentially  selective  manner  dependent  upon  the 
circumferential  positions  of  the  sensors  (2)  detect- 
ing  the  flow  variations,  thereby  to  act  against  flow 
disturbances  indicated  by  said  variations. 

18.  Apparatus  according  to  claim  16  or  claim  17,  the 
control  means  (22)  including  means  whereby  only 
sensor  signals  indicating  flow  variations  above  a 
predetermined  limit  of  flow  variation  cause  opera- 
tion  of  the  injector  means. 

19.  Apparatus  according  to  any  one  of  claims  16  to  18, 
wherein  said  sensors  (102a,  102b)  are  located  at  a 
plurality  of  stations  spaced  from  each  other  in  the 
flow  direction  and  the  injector  means  (108a,  108b, 
114a,  114b)  comprises  injectors  (108a,  108b)  pro- 
vided  at  or  adjacent  said  stations,  the  control  means 
(202a,  202b)  being  adapted  to  initiate  said  injection 
in  response  to  detection  of  said  flow  variations  at 
said  stations. 

20.  Apparatus  according  to  any  one  of  claims  1  6  to  1  8, 
wherein  the  sensors  (102a,  102b)  are  located  at  a 
plurality  of  stations  spaced  from  each  other  in  the 
flow  direction  and  the  injection  means  (1  08a,  1  08b, 
114a,  114b)  comprise  injectors  (108b)  provided  at 
a  substantial  distance  upstream  of  one  of  said  sta- 
tions  (102b),  the  control  means  (114b)  being  adapt- 
ed  to  initiate  said  injection  in  response  to  the  detec- 
tion  of  said  flow  variations  at  said  one  station. 

21.  Apparatus  according  to  claim  16,  comprising  sen- 
sors  (102a)  located  at  a  first  axial  station  adjacent 
the  entry  to  the  compressor  (C),  sensors  (102b)  lo- 

cated  at  a  second  axial  station  intermediate  the  flow 
path  through  it,  the  injector  means  comprising  a  first 
injector  means  (108a)  provided  at  or  adjacent  the 
first  station  (1  02a),  a  second  injector  means  (1  08b) 

5  provided  a  substantial  distance  upstream  of  the 
second  station  (102b),  first  conduit  means  (116)  for 
connecting  the  first  injector  means  (108a)  to  the 
main  compressor  (C)  flow  downstream  of  the  first 
station  (102a)  and  second  conduit  (118)  means  for 

10  connecting  the  second  injector  means  (1  08b)  to  the 
main  compressor  (C)  flow  downstream  of  the  sec- 
ond  station  (102b). 

22.  Apparatus  according  to  claim  21  ,  wherein  the  injec- 
ts  tor  means  comprises  valve  means  (250)  common 

to  both  conduit  means  (252,  254,  256)  to  selectively 
block  the  injection  and  either  of  said  conduit  means 
(252,  256)  in  response  to  signals  from  the  control 
means  (280). 

20 
23.  Apparatus  according  to  any  one  of  claims  16  to  21 

wherein  a  valve  means  (114)  is  provided  to  selec- 
tively  prevent  injection  of  the  higher-pressure  air, 
the  valve  means  (1  1  4)  comprising  at  least  one  semi- 

25  rotary  valve  comprising  a  cylindrical  stator  (152) 
and  a  cylindrical  rotor  (142)  in  close  sliding  fit  with 
said  stator  (152),  the  stator  (150)  and  rotor  (142) 
each  having  a  series  of  circumferentially  spaced 
openings  (1  54)  that  are  brought  into  and  out  of  reg- 

30  istration  by  rotation  of  the  rotor  (142)  to  open  and 
close  the  valve. 

24.  Apparatus  according  to  claim  23  wherein  electro- 
magnetic  drive  means  determine  end  positions  of 

35  the  rotary  movement  of  the  rotor. 

25.  Apparatus  according  to  any  one  of  claims  1  6  to  24, 
the  injector  means  including  flow  control  means  for 
controlling  flow  through  the  injector  means,  the  flow 

40  control  means  being  biased  towards  a  closed  posi- 
tion. 

26.  Apparatus  according  to  any  one  of  claims  1  6  to  25, 
provided  with  sensors  and  injector  means  for  each 

45  of  a  plurality  of  different  sectors  of  the  compressor 
and  conduit  means  connecting  the  injector  means 
to  a  higher-pressure  region  of  the  compressor  in 
each  sector,  the  control  means  controlling  operation 
of  the  injector  means  in  each  sector. 

50 
27.  Apparatus  according  to  claim  26  wherein  there  are 

at  least  six  sectors. 

28.  Apparatus  according  to  any  one  of  claims  16  to  27 
55  wherein  the  control  means  (22)  detects  at  least  one 

small  sharply  defined  patch  of  stalled  flow. 

29.  Apparatus  according  to  any  of  claims  16  to  28 
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wherein  the  outlet  means  comprise  nozzles  (126) 
in  which  a  projecting  portion  (30)  at  each  nozzle 
(126)  exit  deflects  the  injection  in  a  downstream  di- 
rection. 

30.  Apparatus  according  to  any  one  of  claims  17  to  29 
comprising  means  (22)  for  reducing  or  stopping  in- 
jection  of  higher-pressure  gas  in  a  predetermined 
time  period. 

31.  Apparatus  according  to  any  one  of  claims  17  to  30 
wherein  the  control  means  comprises  means  for  av- 
eraging  the  signal  sensed  at  each  said  spaced  po- 
sition  over  a  rolling  period  corresponding  to  the 
sensing  of  the  flow  at  least  at  three  circumferentially 
successive  locations  to  give  a  series  of  mean  val- 
ues  from  which  a  flow  disturbance  is  detected. 

32.  Apparatus  according  to  claim  31  comprising  means 
for  forming  a  difference  signal  between  the  instan- 
taneous  sensed  signal  and  the  mean  signal,  means 
for  measuring  the  relative  magnitude  of  said  differ- 
ence  signal  and  output  means  for  producing  an  ac- 
tuating  signal  for  the  injection  upon  detection  of  a 
relative  magnitude  above  a  predetermined  level 
from  each  of  a  plurality  of  the  sensing  positions. 

33.  Apparatus  according  to  any  one  of  claims  16  to  32 
wherein  the  injector  means  (8,14)  comprises  noz- 
zles  (126)  located  between  guide  vanes  (122). 

34.  Apparatus  according  to  any  one  of  claims  16  to  33 
wherein  the  injector  means  (8,  1  4)  comprise  nozzles 
(126)  located  in  the  inner  wall  (124)  compressor 
casing. 

35.  Apparatus  according  to  any  one  of  claims  16  to  34 
wherein  the  higher  pressure  gas  is  injected  toward 
a  circumferential  region  that  follows  in  the  direction 
of  rotation  from  said  circumferential  region  in  which 
said  variation  has  been  detected. 

Patentanspriiche 

1.  Verfahren  zur  Steuerung  einer  Gasstromung  in  ei- 
nem  Kompressor  (C),  welches  die  folgenden  Schrit- 
te  umfaBt: 

es  wird  die  Stromung  an  einer  Reihe  von  in  Um- 
fangsrichtung  urn  den  Kompressor  herum  im 
Abstand  zueinander  angeordneten  Stellen  (2) 
abgefuhlt; 

es  werden  Veranderungen  in  der  Stromung  in 
einem  Umfangsbereich  relativ  zu  einem  ande- 
ren  Umfangsbereich  festgestellt;  und 

bei  Feststellung  einer  solchen  Anderung  wird 
unter  hoherem  Druck  stehendes  Gas  in  den 
Kompressor  eingeblasen  (8), 

5  dadurch  gekennzeichnet, 

dal3  das  unter  hoherem  Druck  stehende  Gas 
allgemein  in  Richtung  der  Stromung  durch  den 
Kompressor  eingeblasen  wird; 

10 
dal3  das  unter  hoherem  Druck  stehende  Gas 
von  einem  unter  hoherem  Druckstehenden  Be- 
reich  des  Kompressors  stromab  der  in  Um- 
fangsrichtung  im  Abstand  zueinander  liegen- 

15  den  Stellen  (2)  abgenommen  und  in  einen  in 
Umfangsrichtung  liegenden  Bereich  eingebla- 
sen  wird,  in  dem  die  Anderung  festgestellt  wur- 
de,  und  dal3  das  unter  hoherem  Druck  stehen- 
de  Gas  in  den  Kompressor  unter  einem  radial 

20  gerichteten  Winkel  von  nicht  wesentlich  mehr 
als  30  °  eingeblasen  wird. 

2.  Verfahren  nach  Anspruch  1  ,  bei  welchem  die  Reihe 
der  in  Umfangsrichtung  im  Abstand  zueinander  lie- 

25  genden  Stellen  (2)  an  einer  gewahlten  axialen  Sta- 
tion  in  Stromungsrichtung  des  Kompressors  (C)  be- 
findlich  ist  und  nur  Anderungen  in  der  Stromung 
festgestellt  werden,  die  iiber  einem  vorbestimmten 
Grenzwert  der  Anderung  liegen,  und  das  unter  ho- 

30  herem  Druck  stehende  Gas  in  den  Kompressor  (C) 
stromauf  des  unter  hoherem  Druck  stehenden  Be- 
reichs  in  einer  in  Umfangsrichtung  selektiv  gewahl- 
ten  Weise  eingeblasen  wird,  in  Abhangigkeit  von 
dem  in  Umfangsrichtung  befindlichen  Ursprung  die- 

35  ser  Anderungen,  wodurch  der  durch  die  Verande- 
rungen  angegebenen  Storstromung  entgegenge- 
wirkt  wird. 

3.  Verfahren  nach  den  Anspruchen  1  oder  2,  bei  wel- 
40  chem  das  unter  hoherem  Druck  stehende  Gas  in 

eine  Reihe  von  unterschiedlichen  Sektoren  urn  den 
Kompressor  herum  eingeblasen  wird,  wobei  die 
Stromungsanderungen  unabhangig  voneinander  in 
jedem  der  Sektoren  abgefuhlt  werden. 

45 
4.  Verfahren  nach  Anspruch  3,  bei  welchem  das  unter 

hoherem  Druck  stehende  Gas  aus  dem  gleichen 
Sektor  abgenommen  wird,  in  den  es  eingeblasen 
wird. 

50 
5.  Verfahren  nach  einem  der  vorhergehenden  Anspru- 

che,  bei  welchem  das  Einblasen  des  unter  hoherem 
Druck  stehenden  Gases  nach  Beginn  allmahlich 
vermindert  wird. 

55 
6.  Verfahren  nach  einem  der  vorhergehenden  Anspru- 

che,  bei  welchem  das  Einblasen  von  unter  hoherem 
Druck  stehenden  Gas  nach  einer  vorbestimmten 

12 



23 EP  0  543  908  B1 24 

Zeitdauer  beendet  wird. 

7.  Verfahren  nach  einem  der  Anspruche  2  bis  6,  bei 
welchem  die  Stromungsanderungen,  die  iiber  ei- 
nem  vorbestimmten  Anderungsgrenzwert  liegen,  s 
an  einer  von  mehreren  Stationen  festgestellt  wer- 
den,  die  im  Abstand  zueinander  in  Stromungsrich- 
tung  angeordnet  sind,  und  wobei  das  Einblasen  von 
unter  hoherem  Druck  stehenden  Gas  benachbart 
zu  jener  einen  Station  gemaB  dieser  Feststellung  10 
eingeleitet  wird. 

8.  Verfahren  nach  einem  der  Anspruche  2  bis  6,  bei 
welchem  Stromungsanderungen,  die  iiber  dem  vor- 
bestimmten  Anderungsgrenzwert  liegen,  an  einer  15 
von  mehreren  Stationen  festgestellt  werden,  die  in 
Stromungsrichtung  im  Abstand  zueinander  liegen, 
wobei  das  Einblasen  von  unter  hoherem  Druck  ste- 
henden  Gas  in  einem  betrachtlichen  Abstand 
stromauf  dieser  einen  Station  gemaB  der  Feststel-  20 
lung  eingeblasen  wird. 

9.  Verfahren  nach  Anspruch  8,  bei  welchem  die  Stro- 
mungsanderungen  wenigstens  an  einer  ersten  Sta- 
tion  benachbart  zum  EinlaB  des  Kompressors  und  25 
an  einer  zweiten  Station  im  mittleren  Teil  des  Stro- 
mungspfades  durch  den  Kompressor  abgefuhlt 
werden  und  das  unter  hoherem  Druck  stehende 
Gas  eingeblasen  wird,  urn  den  Stromungsanderun- 
gen  entgegenzuwirken,  die  an  jeder  Station  festge-  30 
stellt  werden,  wobei  das  unter  hoherem  Druck  ste- 
hende  Gas  fur  die  erste  Station  benachbart  zur 
zweiten  Station  abgezapft  wird  und  das  unter  hohe- 
rem  Druck  stehende  Gas  fur  die  zweite  Station 
stromab  der  zweiten  Station  abgezapft  wird.  35 

10.  Verfahren  nach  einem  der  vorhergehenden  Anspru- 
che,  bei  welchem  eine  Stromungsstorung  festge- 
stellt  wird  und  ein  abgefiihltes  Signal  der  Stro- 
mungsveranderung  an  jeder  der  in  Umfangsrich-  40 
tung  im  Abstand  zueinander  liegenden  Stellen  wah- 
rend  einer  Umlaufperiode  in  einen  Durchschnitts- 
wert  umgeformt  wird,  entsprechend  dem  Abfiihlen 
der  Stromung  an  wenigstens  drei  in  Umfangsrich- 
tung  aufeinanderfolgenden  Stellen,  urn  eine  Reihe  45 
von  Mittelwerten  des  abgef  iihlten  Signals  zu  liefern. 

11.  Verfahren  nach  Anspruch  10,  bei  welchem  ein  Dif- 
ferenzsignal  von  dem  abgefiihlten  Signal  und  dem 
Mittelwertsignal  abgeleitet  und  ein  Mal3  fur  die  re-  so 
lative  GroBe  des  Differenzsignals  erlangt  wird,  wo- 
bei  das  unter  hoherem  Druck  stehende  Gas  einge- 
blasen  wird,  wenn  die  relative  GroBe  des  Differenz- 
signals  fur  jede  der  Abfuhlstellen  iiber  einem  vor- 
bestimmten  Anderungsgrenzwert  liegt.  55 

12.  Verfahren  nach  einem  der  Anspruche  1  bis  11,  bei 
welchem  das  Einblasen  des  unter  hoherem  Druck 

stehenden  Gases  eingeleitet  wird,  wenn  die  Stro- 
mungsveranderungen  iiber  dem  vorbestimmten 
Anderungsgrenzwert  aufeinanderfolgend  fur  we- 
nigstens  einige  der  in  Umfangsrichtung  im  Abstand 
zueinander  liegenden  Stellen  abgefuhlt  werden. 

13.  Verfahren  nach  einem  der  vorhergehenden  Ansprii- 
che,  bei  welchem  bei  der  Feststellung  von  Veran- 
derungen  wenigstens  ein  kleiner  scharf  definierter 
Flecken  abgerissener  Stromung  festgestellt  wird. 

14.  Verfahren  nach  einem  der  vorhergehenden  Ansprii- 
che,  zur  Steuerung  der  Stromung  in  einem  Axial- 
kompressor,  bei  welchem  das  unter  hoherem  Druck 
stehende  Gas  in  einer  Richtung  eingeblasen  wird, 
die  eine  Umfangskomponente  in  Gegenrichtung  zur 
Drehrichtung  des  Kompressorrotors  hat. 

15.  Verfahren  nach  einem  der  vorhergehenden  Ansprii- 
che,  bei  welchem  der  vorbestimmte  Grenzwert  der 
Stromungsanderung  nicht  wesentlich  kleiner  ist  als 
2  %  des  Mittelwertes  der  Hauptstromung  durch  den 
Kompressor. 

16.  Vorrichtung  zur  Steuerung  einer  Gasstromung  in  ei- 
nem  Kompressor  (C)  mit  den  folgenden  Merkma- 
len: 

es  ist  ein  Feld  von  Sensoren  (2)  vorgesehen, 
urn  die  Stromung  an  einer  Reihe  von  in  Um- 
fangsrichtung  des  Kompressors  im  Abstand 
zueinander  liegenden  Stellen  abzufiihlen  und 
auf  die  Stromung  bezogene  Signale  zu  liefern; 

es  sind  Steuermittel  (22)  vorgesehen,  die  mit 
den  Sensoren  in  Verbindung  stehen,  urn  Ver- 
anderungen  in  der  Stromung  in  einem  umfang- 
lichen  Bereich  relativ  zu  der  Stromung  in  einem 
anderen  Bereich  festzustellen  und  Steuersi- 
gnale  zu  liefern,  wenn  derartige  Anderungen 
festgestellt  werden;  und 

es  ist  eine  Einblasvorrichtung  (8,  14)  vorgese- 
hen,  die  bei  Empfang  der  Steuersignale  wirk- 
sam  gemacht  wird,  urn  unter  hoherem  Druck 
stehendes  Gas  in  den  Kompressor  einzubla- 
sen, 

dadurch  gekennzeichnet,  dal3  die  Einblasvorrich- 
tung  (8,  1  4)  so  ausgebildet  ist,  dal3  das  unter  hohe- 
rem  Druck  stehende  Gas  allgemein  in  Richtung  der 
Hauptstromung  durch  den  Kompressor  (C)  einge- 
blasen  wird,  dal3  Mittel  vorgesehen  sind,  urn  das 
unter  hoherem  Druck  stehende  Gas  von  einem  Be- 
reich  des  Kompressors  (C)  mit  hoherem  Druck 
stromab  der  in  Umfangsrichtung  im  Abstand  zuein- 
ander  liegenden  Stellen  abzuziehen,  und  dal3  die 
Einblasvorrichtung  (8,  14)  so  angeordnet  und  aus- 
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gebildet  ist,  da(3  das  unter  hoherem  Druck  stehende 
Gas  in  einem  Umfangsbereich  eingeblasen  wird,  in 
dem  die  Anderung  festgestellt  wurde,  wobei  die 
Einblasvorrichtung  (8,  14)  so  angeordnet  ist,  dal3 
das  unter  hoherem  Druck  stehende  Gas  in  den 
Kompressor  (C)  unter  einem  radial  gerichteten  Win- 
kel  von  nicht  wesentlich  mehr  als  30  °  eingeblasen 
wird. 

17.  Vorrichtung  nach  Anspruch  16,  bei  welcherdie  Ein- 
blasvorrichtung  (8,  14)  aus  einer  in  Umfangsrich- 
tung  angeordneten  Reihe  von  Injektoren  (8)  besteht 
und  die  Steuervorrichtung  (22)  die  Einspritzvorrich- 
tung  (8,  14)  in  Umfangsrichtung  selektiv  in  Abhan- 
gigkeit  von  den  in  Umfangsrichtung  befindlichen 
Stellen  der  Sensoren  (2)  betatigt,  durch  welche  die 
Stromungsanderungen  festgestellt  wurden,  wo- 
durch  den  Stromungsstorungen  entgegengewirkt 
wird,  die  durch  die  Veranderungen  angezeigt  wur- 
den. 

18.  Vorrichtung  nach  einem  der  Anspruche  16  oder  17, 
bei  welcher  die  Steuervorrichtung  (22)  Mittel  auf- 
weist,  durch  die  nur  Sensorsignale,  die  Stromungs- 
anderungen  iiber  einem  vorbestimmten  Stro- 
mungsgrenzwert  anzeigen,  die  Einblasvorrichtung 
in  Tatigkeit  setzen. 

19.  Vorrichtung  nach  einem  der  Anspruche  16  bis  18, 
bei  welcher  die  Sensoren  (102a,  102b)  an  mehre- 
ren  Stellen  angeordnet  sind,  die  in  Stromungsrich- 
tung  im  Abstand  zueinander  befindlich  sind,  und  bei 
der  die  Einblasvorrichtung  (108a,  108b,  114a,  114b) 
Injektoren  (108a,  108b)aufweist,  die  an  den  Stellen 
oder  in  der  Nahe  davon  vorgesehen  sind,  wobei  die 
Steuervorrichtung  (202a,  202b)  das  Einblasen  ein- 
leitet,  wenn  an  diesen  Stellen  Stromungsverande- 
rungen  festgestellt  wurden. 

20.  Vorrichtung  nach  einem  der  Anspruche  16  bis  18, 
bei  welchem  die  Sensoren  (102a,  102b)  an  mehre- 
ren  Stellen  angeordnet  sind,  die  in  Stromungsrich- 
tung  hintereinander  im  Abstand  zueinander  ange- 
ordnet  sind,  und  bei  welcher  die  Einblasvorrichtung 
(108a,  108b,  114a,  114b)  Injektoren  (108b)  auf- 
weist,  die  in  einem  betrachtlichen  Abstand  stromauf 
von  einer  der  Stellen  (102b)  angeordnet  sind,  wobei 
die  Steuervorrichtung  (114b)  das  Einblasen  einlei- 
tet,  wenn  an  dieser  einen  Station  die  Stromungsan- 
derung  festgestellt  wurde. 

21.  Vorrichtung  nach  Anspruch  16,  welche  Sensoren 
(102a)  aufweist,  die  an  einer  ersten  axialen  Station 
benachbart  zum  Einlauf  des  Kompressors  (C)  an- 
geordnet  sind,  und  bei  welcher  Sensoren  (1  02b)  an 
einer  zweiten  axialen  Station  im  mittleren  Abschnitt 
des  Stromungspfades  durch  den  Kompressor  an- 
geordnet  sind,  wobei  die  Einblasvorrichtung  einen 

ersten  Injektor  (108a)  aufweist,  der  an  der  ersten 
Station  (102a)  oder  in  der  Nahe  hiervon  vorgese- 
hen  ist,  wahrend  ein  zweiter  Injektor  (108b)  in  ei- 
nem  betrachtlichen  Abstand  stromauf  der  zweiten 

5  Station  (102b)  vorgesehen  ist  und  wobei  eine  Lei- 
tung  (116)  den  ersten  Injektor  (1  08a)  mit  der  Haupt- 
stromung  des  Kompressors  (C)  stromab  der  ersten 
Station  (102a)  verbindet,  wahrend  eine  zweite  Lei- 
tung  (118)  den  zweiten  Injektor  (108b)  mit  der 

10  Hauptstromung  des  Kompressors  (C)  stromab  der 
zweiten  Station  (102b)  verbindet. 

22.  Vorrichtung  nach  Anspruch  21  ,  bei  welcher  die  Ein- 
spritzvorrichtung  Ventile  (250)  aufweist,  die  beiden 

is  Leitungen  (252,  254,  256)  gemeinsam  sind,  urn  se- 
lektiv  das  Einblasen  iiber  eine  der  Leitungen  (252, 
256)  gemaB  Signalen  der  Steuervorrichtung  (280) 
zu  blockieren. 

20  23.  Vorrichtung  nach  einem  der  Anspruche  16  bis  21, 
bei  welcher  ein  Ventil  (114)  vorgesehen  ist,  urn  se- 
lektiv  das  Einblasen  von  unter  hoherem  Druck  ste- 
hender  Luft  zu  verhindern,  wobei  das  Ventil  (114) 
ein  begrenzt  drehbares  Ventil  ist,  das  einen  zylin- 

25  drischen  Stator  (1  52)  und  einen  zylindrischen  Rotor 
(142)  aufweist,  der  im  Gleitsitz  im  Stator  (152)  an- 
geordnet  ist,  wobei  Stator  (152)  und  Rotor  (142)  je- 
weils  mit  einer  Reihe  von  in  Umfangsrichtung  im 
Abstand  zueinander  liegenden  Offnungen  (154) 

30  versehen  sind,  die  in  und  auBer  Deckung  gebracht 
werden  konnen,  indem  der  Rotor  (142)  gedreht 
wird,  urn  das  Ventil  zu  offnen  und  zu  schlieBen. 

24.  Vorrichtung  nach  Anspruch  23,  bei  welcher  ein 
35  elektromagnetischer  Antrieb  die  Endstellungen  des 

Drehantriebs  des  Rotors  bestimmt. 

25.  Vorrichtung  nach  einem  der  Anspruche  16  bis  24, 
bei  welcher  die  Einblasvorrichtung  Stromungssteu- 

40  ermittel  aufweist,  urn  die  Stromung  durch  die  Ein- 
blasvorrichtung  zu  steuern,  wobei  die  Stromungs- 
steuervorrichtung  nach  einer  SchlieBstellung  vor- 
gespannt  ist. 

45  26.  Vorrichtung  nach  einem  der  Anspruche  16  bis  25, 
welche  mit  Sensoren  und  einer  Einblasvorrichtung 
fiir  jeden  der  unterschiedlichen  Sektoren  des  Kom- 
pressors  versehen  ist,  wobei  Leitungen  die  Einbla- 
seinrichtung  mit  einem  Bereich  hoheren  Druckes 

so  des  Kompressors  in  jedem  Sektor  verbinden  und 
die  Steuervorrichtung  die  Arbeitsweise  der  Einblas- 
vorrichtung  in  jedem  Sektor  steuert. 

27.  Vorrichtung  nach  Anspruch  26,  bei  welcher  wenig- 
55  stens  sechs  Sektoren  vorgesehen  sind. 

28.  Vorrichtung  nach  einem  der  Anspruche  16  bis  27, 
bei  welcher  die  Steuervorrichtung  (22)  wenigstens 

14 
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einen  kleinen  scharf  definierten  Fleck  der  abgeris- 
senen  Stromung  feststellt. 

29.  Vorrichtung  nach  einem  der  Anspruche  16  bis  28, 
bei  welcher  der  AuslaB  Diisen  (126)  aufweist,  bei 
denen  ein  vorspringender  Abschnitt  (30)  am  Austritt 
jeder  Diise  (1  26)  das  Ausblasen  in  stromabwartiger 
Richtung  ablenkt. 

30.  Vorrichtung  nach  einem  der  Anspruche  17  bis  29, 
welche  Mittel  (22)  aufweist,  urn  das  Einblasen  von 
unter  hoherem  Druck  stehendem  Gas  in  einer  vor- 
bestimmten  Zeitperiode  zu  vermindern  oder  abzu- 
sperren. 

31.  Vorrichtung  nach  einem  der  Anspruche  17  bis  30, 
bei  welcher  die  Steuervorrichtung  Mittel  aufweist, 
urn  die  Signale,  die  an  jeder  der  im  Abstand  zuein- 
ander  liegenden  Stellen  wahrend  einer  Umlaufpe- 
riode  abgefuhlt  wurden,  einer  Durchschnittsbildung 
zu  unterwerfen,  entsprechend  dem  Abfiihlen  der 
Stromung  an  wenigstens  drei  in  Umfangsrichtung 
aufeinanderfolgenden  Stellen,  urn  eine  Reihe  von 
Mittelwerten  zu  liefern,  von  denen  her  eine  Stro- 
mungsstorung  festgestellt  wird. 

32.  Vorrichtung  nach  Anspruch  31,  welche  Mittel  auf- 
weist,  urn  ein  Differenzsignal  zwischen  dem  augen- 
blicklich  abgefiihlten  Signal  und  dem  Mittelwertsi- 
gnal  zu  erzeugen,  wobei  Mittel  vorgesehen  sind, 
urn  die  relative  GroBe  des  Differenzsignals  festzu- 
stellen  und  ein  Betatigungssignal  fur  das  Einblasen 
zu  erzeugen,  nachdem  eine  relative  GroBe  festge- 
stellt  wurde,  die  iiber  einem  vorbestimmten  Pegel 
gegeniiber  jeder  der  Abfiihlstellen  liegt. 

33.  Vorrichtung  nach  einem  der  Anspruche  16  bis  32, 
bei  welcher  die  Einspritzeinrichtung  (8,  14)  Diisen 
(126)  aufweist,  die  zwischen  Leitschaufeln  (122) 
angeordnet  sind. 

34.  Vorrichtung  nach  einem  der  Anspruche  16  bis  33, 
bei  welcher  die  Einblasvorrichtung  (8,  14)  Diisen 
(126)  aufweist,  die  in  der  Innenwand  (124)  des 
Kompressorgehauses  angeordnet  sind. 

35.  Vorrichtung  nach  einem  der  Anspruche  16  bis  34, 
bei  welcher  das  unter  hoherem  Druck  stehende 
Gas  in  einen  in  Umfangsrichtung  befindlichen  Be- 
reich  eingeblasen  wird,  der  in  der  Drehrichtung  dem 
Umfangsbereich  folgt,  in  welchem  die  Stromungs- 
anderung  festgestellt  wurde. 

Revendications 

1.  Procede  de  controle  de  I'ecoulement  du  gaz  dans 
un  compresseur  (C)  comportant  les  etapes 

suivantes  : 

sonder  I'ecoulement  a  une  serie  de  positions 
(2)  espacees  circonferentiellement  autour  du 

5  compresseur  ; 
detecter  des  variations  de  I'ecoulement  d'une 
region  circonferentielle  par  rapport  a  une 
autre  ;  et 
apres  avoir  detectee  une  telle  variation,  injecter 

10  (8)  du  gaz  a  pression  superieure  dans  Ie  com- 
presseur, 

caracterise  en  ce  que  Ie  gaz  a  pression  superieure 
est  injecte  generalement  dans  la  direction  de  I'ecou- 

15  lement  a  travers  Ie  compresseur  ;  Ie  gaz  a  pression 
superieure  est  pris  dans  une  region  de  plus  haute 
pression  du  compresseur,  en  aval  desdites  posi- 
tions  (2)  espacees  circonferentiellement  et  est  in- 
jecte  vers  une  region  circonferentielle  dans  laquelle 

20  ladite  variation  a  ete  detectee,  Ie  gaz  a  pression  su- 
perieure  est  injecte  dans  Ie  compresseur  sous  un 
angle  pas  sensiblement  superieur  a  30°  par  rapport 
a  la  direction  axiale. 

25  2.  Procede  selon  la  revendication  1  ,  dans  lequel  la  se- 
rie  de  positions  (2)  espacees  circonferentiellement 
est  a  un  emplacement  axial  choisi  dans  la  direction 
de  I'ecoulement  dans  Ie  compresseur  (C),  seules 
les  variations  de  I'ecoulement  au  dessus  d'une  limi- 

30  te  de  variation  predeterminee  sont  detectees  et  Ie 
gaz  a  pression  superieure  est  injecte  dans  Ie  com- 
presseur  (C)  en  amont  de  la  region  a  plus  haute 
pression  d'une  facon  selective  circonferentielle- 
ment  dependant  des  origines  circonferentielles 

35  desdites  variations,  pour  ainsi  agir  contre  les  per- 
turbations  d'ecoulement  indiquees  par  lesdites  va- 
riations. 

3.  Procede  selon  la  revendication  1  ou  2,  dans  lequel 
40  le  gaz  a  pression  superieure  est  injecte  dans  une 

serie  de  secteurs  differents  autour  du  compresseur, 
les  variations  d'ecoulement  etant  sondees  indepen- 
damment  dans  chacun  des  secteurs. 

45  4.  Procede  selon  la  revendication  3,  dans  lequel  Ie  gaz 
a  pression  superieure  est  preleve  dans  le  meme 
secteur  que  celui  dans  lequel  il  est  injecte. 

5.  Procede  selon  I'une  quelconque  des  revendications 
so  precedentes,  dans  lequel  I'injection  gaz  a  pression 

superieure  est  reduite  graduellement  apres  I'amor- 
?age. 

6.  Procede  selon  I'une  quelconque  des  revendications 
55  precedentes,  dans  lequel  I'injection  gaz  a  pression 

superieure  est  terminee  apres  une  periode  determi- 
nee. 

15 
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7.  Procede  selon  I'une  quelconque  des  revendications 
2  a  6,  dans  lequel  les  variations  de  I'ecoulement  au 
dessus  de  la  limite  de  variation  predeterminee  sont 
detectees  a  un  d'une  pluralite  d'emplacements  es- 
paces  les  uns  des  autres  dans  la  direction  de  I'ecou-  s 
lement  et  I'injection  de  gaz  a  pression  superieure 
est  amorcee  a  un  endroit  adjacent  audit  un  empla- 
cement  en  reponse  a  ladite  detection. 

8.  Procede  selon  I'une  quelconque  des  revendications  10 
2  a  6,  dans  lequel  les  variations  de  I'ecoulement  au 
dessus  de  la  limite  de  variation  predeterminee  sont 
detectees  a  un  d'une  pluralite  d'emplacements  es- 
paces  les  uns  des  autres  dans  la  direction  de  I'ecou- 
lement  et  I'injection  de  gaz  a  pression  superieure  15 
est  amorcee  a  une  distance  sensible  en  amont  dudit 
un  emplacement  en  reponse  a  ladite  detection. 

9.  Procede  selon  la  revendication  8,  dans  lequel  les 
variations  d'ecoulement  sont  detectees  au  moins  a  20 
un  premier  emplacement  adjacent  a  I'entree  du 
compresseur,  et  a  un  second  emplacement  inter- 
mediate  sur  le  trajet  de  I'ecoulement  dans  celui-ci, 
et  le  gaz  a  pression  superieure  est  injecte  pour  agir 
contre  les  variations  d'ecoulement  detectees  a  cha-  25 
que  station,  le  gaz  a  pression  superieure  pour  le 
premier  emplacement  etant  soutire  a  un  endroit  ad- 
jacent  au  second  emplacement  et  le  gaz  a  pression 
superieure  pour  le  second  emplacement  etant  sou- 
tire  en  aval  du  second  emplacement.  30 

1  0.  Procede  selon  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  pour  detecter  une  pertur- 
bation  de  I'ecoulement,  un  signal  recu  des  varia- 
tions  de  I'ecoulement  a  chaque  position  espacee  35 
circonferentiellement  est  moyennise  sur  une  perio- 
de  courante  correspondant  au  sondage  de  I'ecou- 
lement  au  moins  a  trois  endroits  successifs  circon- 
ferentiellement  pour  donner  une  serie  de  valeurs 
moyennes  du  signal  recu.  40 

11.  Procede  selon  la  revendication  10,  dans  lequel  un 
signal  de  difference  est  derive  du  signal  recu  et  du 
signal  moyen,  une  mesure  de  I'amplitude  relative 
du  signal  de  difference  est  obtenue,  et  le  gaz  a  pres-  45 
sion  superieure  est  injecte  si  I'amplitude  relative  du 
signal  de  difference  pour  chacune  d'une  pluralite  de 
positions  de  sondage  est  au  dessus  d'une  limite  de 
variation  predeterminee. 

50 
1  2.  Procede  selon  I'une  quelconque  des  revendications 

1  a  1  1  ,  dans  lequel  I'injection  a  pression  superieure 
de  gaz  est  amorcee  quand  les  variations  de  I'ecou- 
lement  au  dessus  de  la  limite  de  variation  predeter- 
minee  sont  sondees  sequentiellement  pour  au  55 
moins  certaines  des  positions  espacees  circonfe- 
rentiellement. 

13.  Procede  selon  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  la  detection  des  varia- 
tions  comporte  la  detection  d'au  moins  un  petit  de- 
faut  defini  nettement  d'un  ecoulement  decroche. 

14.  Procede  selon  I'une  quelconque  des  revendications 
precedentes,  pour  controler  I'ecoulement  dans  un 
compresseur  axial,  dans  lequel  le  gaz  a  pression 
superieure  est  injecte  dans  une  direction  ayant  une 
composante  circonferentielle  en  opposition  au  sens 
de  rotation  du  rotor  du  compresseur. 

15.  Procede  selon  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  la  limite  predeterminee 
de  variation  d'ecoulement  n'est  pas  sensiblement 
inferieure  a  2%  de  la  valeur  moyenne  de  I'ecoule- 
ment  principal  dans  le  compresseur. 

16.  Appareil  pour  controler  I'ecoulement  du  gaz  dans 
un  compresseur  (C)  comportant: 

une  serie  de  sondes  (2)  pour  sonder  I'ecoule- 
ment  a  une  serie  de  positions  espacees  circon- 
ferentiellement  autour  du  compresseur  et  deli- 
vrant  a  partir  de  la  des  signaux  en  relation  avec 
I'ecoulement 
des  moyens  de  controle  (22)  en  communication 
avec  les  sondes  pour  detecter  des  variations 
dans  I'ecoulement  d'une  region  circonferentiel- 
le  par  rapport  a  une  autre  et  pour  delivrer  des 
signaux  de  controle  lorsque  que  de  telles  va- 
riations  sont  detectees  ;  et 
des  moyens  d'injection  (8,  14)  pouvant  fonc- 
tionner  sur  reception  des  signaux  de  controle 
pour  injecter  du  gaz  a  pression  superieure  dans 
le  compresseur, 

caracterise  en  ce  que  les  moyens  d'injection  (8,  14) 
sont  arranges  pour  injecter  le  gaz  a  pression  supe- 
rieure  generalement  suivant  la  direction  de  I'ecou- 
lement  principal  dans  le  compresseur  (C),  des 
moyens  pour  deriver  le  gaz  a  pression  superieure 
d'une  region  a  pression  superieure  (C)  en  aval  des- 
dites  positions  espacees  circonferentiellement  et 
les  moyens  d'injection  (8,  14)  etant  arranges  pour 
injecter  le  gaz  a  pression  superieure  vers  une  re- 
gion  circonferentielle  dans  laquelle  ladite  variation 
a  ete  detectee,  les  moyens  d'injection  (8,  14)  sont 
arranges  pour  injecter  le  gaz  a  pression  superieure 
dans  le  compresseur  (C)  a  un  angle  pas  sensible- 
ment  superieur  a  30°  par  rapport  a  la  direction  axia- 
le. 

17.  Appareil  selon  la  revendication  16,  dans  lequel  les 
moyens  d'injection  (8,  1  4)  comportent  une  serie  cir- 
conferentielle  d'injecteurs  (8),  et  les  moyens  de 
controle  (22)  sont  adaptes  a  faire  fonctionner  les 
moyens  d'injection  (8,  14)  d'une  maniere  circonfe- 

16 
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rentiellement  selective  en  fonction  des  positions  cir- 
conferentielles  des  sondes  2  detectant  les  varia- 
tions  d'ecoulement  indiquees  par  lesdites  varia- 
tions. 

18.  Appareil  selon  la  revendication  16  ou  17,  les 
moyens  de  controle  (22)  comportant  des  moyens 
ayant  pour  resultat  que  seulement  les  signaux  de 
sonde  indiquant  des  variations  d'ecoulement  au 
dessus  d'une  limite  predeterminee  de  variation 
d'ecoulement  mettent  en  fonctionnement  les 
moyens  d'injection. 

19.  Appareil  selon  I'une  quelconque  des  revendications 
16  a  18,  dans  lequel  lesdites  sondes  (102a,  102b) 
sont  situees  a  une  pluralite  d'emplacements  espa- 
ces  les  uns  des  autres  dans  la  direction  de  I'ecou- 
lement  et  les  moyens  d'injection  (108a,  108b,  114a, 
114b)  comportent  des  injecteurs  (108a,  108b)  pre- 
vus  auxdits  emplacements  ou  adjacents  a  ceux-ci, 
les  moyens  de  controle  (202a,  202b)  etant  adaptes 
a  amorcer  ladite  injection  en  reponse  a  la  detection 
desdites  variations  d'ecoulement  auxdits  emplace- 
ments. 

20.  Appareil  selon  I'une  quelconque  des  revendications 
16  a  18,  dans  lequel  lesdites  sondes  (102a,  102b) 
sont  disposees  a  une  pluralite  d'emplacement  es- 
paces  les  uns  des  autres  en  direction  de  I'ecoule- 
ment,  et  les  moyens  d'injection  (108a,  108b,  114a, 
114b)  comportent  des  injecteurs  (108b)  prevus  a 
une  distances  sensible  en  amont  d'une  desdites 
stations  (1  02b),  les  moyens  de  controle  (11  4b)  etant 
adaptes  a  amorcer  ladite  injection  en  reponse  a  la 
detection  desdites  variations  d'ecoulement  a  ladite 
une  station. 

21  .  Appareil  selon  la  revendication  16,  comprenant  des 
sondes  (102a)  disposees  a  un  premier  emplace- 
ment  axial  adjacent  a  I'entree  du  compresseur  (C), 
des  sondes  (102b)  disposees  a  un  second  empla- 
cement  axial  intermediate  sur  le  trajet  d'ecoule- 
ment  dans  celui-ci,  les  moyens  d'injection  compre- 
nant  des  premiers  moyens  d'injection  (1  08a)  prevus 
a  ou  adjacent  au  premier  emplacement  (1  02a),  des 
seconds  moyens  d'injection  (108b)  prevus  a  une 
distance  sensible  en  amont  du  second  emplace- 
ment  (102b),  des  premiers  moyens  de  conduit  (116) 
pour  connecter  les  premiers  moyens  d'injection 
(1  08a)  a  I'ecoulement  du  compresseur  principal  (C) 
en  aval  du  premier  emplacement  (102a)  et  des  se- 
conds  moyens  de  conduit  (118)  pour  connecter  les 
seconds  moyens  d'injecteur  (108b)  a  I'ecoulement 
du  compresseur  principal  (C)  en  aval  du  second 
emplacement  (102b). 

22.  Appareil  selon  la  revendication  21,  dans  lequel  les 
moyens  d'injecteur  comprennent  des  moyens  de 

soupape  (250)  commun  aux  deux  moyens  de  con- 
duit  (252,  254,  256)  pour  bloquer  selectivement  I'in- 
jection  et  chacun  desdits  moyens  de  conduit  (252, 
256)  en  reponse  a  des  signaux  provenant  des 

5  moyens  de  controle  (280). 

23.  Appareil  selon  une  quelconque  des  revendications 
16,  a  21  ,  dans  lequel  des  moyens  de  soupape  (114) 
sont  prevus  pour  empecher  selectivement  I'injec- 

10  tion  de  I'air  a  pression  superieure,  les  moyens  de 
soupape  (114)  comprenant  au  moins  une  soupape 
semi-rotative  comportant  une  stator  cylindrique 
(1  52)  et  un  rotor  cylindrique  (1  42)  en  ajustement  de 
glissement  etanche  avec  ledit  stator  (152),  le  stator 

is  (152)  et  le  rotor  (142)  ayant  chacun  une  serie 
d'ouvertures  (154)  espaces  circonferentiellement 
qui  sont  amenees  en  alignement  et  hors  d'aligne- 
ment  par  rotation  du  rotor  (142)  pourouvrir  etfermer 
la  soupape. 

20 
24.  Appareil  selon  la  revendication  23,  dans  lequel  des 

moyens  d'entraTnement  electromagnetique  deter- 
minent  les  positions  extremes  du  mouvement  rotatif 
du  rotor. 

25 
25.  Appareil  selon  une  quelconque  des  revendications 

16  a  24,  les  moyens  d'injection  comportant  des 
moyens  de  controle  d'ecoulement  pour  controler 
I'ecoulement  dans  les  moyens  d'injection,  les 

30  moyens  de  controle  d'ecoulement  etant  sollicites 
vers  une  position  fermee. 

26.  Appareil  selon  une  quelconque  des  revendications 
16  a  25,  muni  de  sondes  et  de  moyens  d'injection 

35  pour  chacun  d'une  pluralite  de  differents  secteurs 
du  compresseur  et  des  moyens  de  conduit  connec- 
tant  les  moyens  d'injection  a  une  region  de  pression 
superieure  du  compresseur  dans  chaque  secteur, 
les  moyens  de  controle  controlant  le  fonctionne- 

40  ment  des  moyens  d'injecteur  dans  chaque  secteur. 

27.  Appareil  selon  la  revendication  26,  dans  lequel  il  y 
a  au  moins  six  secteurs. 

45  28.  Appareil  selon  une  quelconque  des  revendications 
16  a  27,  dans  lequel  les  moyens  de  controle  (22) 
detectent  au  moins  un  petit  defaut  defini  nettement 
d'un  ecoulement  decroche. 

so  29.  Appareil  selon  une  quelconque  des  revendications 
16  a  28,  dans  lequel  les  moyens  de  sortie  compor- 
tent  des  tuyeres  (126)  dans  lesquelles  une  partie 
en  saillie  (30)  a  chaque  sortie  de  tuyere  (126)  de- 
flechit  I'injection  dans  une  direction  aval. 

55 
30.  Appareil  selon  une  quelconque  des  revendications 

1  7  a  29,  comprenant  des  moyens  (22)  pour  reduire 
ou  arreter  I'injection  de  gaz  a  pression  superieure 

50 

55 
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dans  une  periode  temps  predeterminee. 

31.  Appareil  selon  une  quelconque  des  revendications 
17  a  30,  dans  lequel  les  moyens  de  controle  com- 
portent  des  moyens  pour  moyenniser  le  signal  de-  s 
tecte  a  chacune  desdits  emplacement  espaces  sur 
une  periode  de  fonctionnement  correspondant  a  la 
detection  de  I'ecoulement  a  au  moins  trois  empla- 
cements  successifs  circonferentiellement  pour 
donner  une  serie  de  valeurs  moyennes  a  partir  de  10 
laquelle  une  perturbation  d'ecoulement  est  detec- 
tee. 

32.  Appareil  selon  la  revendication  31  ,  comportant  des 
moyens  pour  former  un  signal  de  difference  entre  15 
le  signal  sonde  instantanement  et  le  signal  moyen, 
des  moyens  pour  mesurer  I'amplitude  relative  dudit 
signal  de  difference  et  des  moyens  de  generation 
pour  produire  un  signal  d'actionnement  pour  I'injec- 
tion  lors  de  la  detection  d'une  amplitude  relative  su-  20 
perieure  a  un  niveau  predetermine  de  chacun  d'une 
pluralite  d'emplacements  de  detecteur. 

33.  Appareil  selon  une  quelconque  des  revendications 
16  a  32,  dans  lequel  les  moyens  d'injecteur  (8,  14)  25 
comprennent  des  tuyeres  (126)  disposees  entre 
des  aubes  de  guidage  (122). 

34.  Appareil  selon  une  quelconque  des  revendications 
16  a  33,  dans  lequel  les  moyens  d'injecteur  (8,  14)  30 
comprennent  des  tuyeres  (126)  disposees  dans  la 
paroi  interne  (124)  de  I'enveloppe  du  compresseur. 

35.  Appareil  selon  une  quelconque  des  revendications 
16  a  34,  dans  lequel  le  gaz  a  pression  superieure  35 
est  injecte  vers  une  region  circonferentielle  qui  suit 
en  direction  de  rotation  la  region  circonferentielle 
dans  laquelle  ladite  variation  a  ete  detectee. 

45 
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