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Description 

Background  of  the  Invention 

The  present  invention  relates  to  a  control  5 
system  for  a  cogeneration  system  and  a  method 
for  controlling  a  cogeneration  system  according 
to  the  first  part  of  claims  1  and  6,  respectively. 
Such  system  and  method  are  known  from  FR-A-1 
168  070.  jo 

A  cogeneration  system  typically  uses  the  tor- 
que  output  of  the  gas  turbine  for  generating 
electric  power  or  for  some  other  consuming 
process.  Steam  generated  by  the  heat  recovery 
steam  generator  may  be  applied  to  an  auxiliary  15 
steam  turbine  for  generating  additional  torque,  or 
applied  to  a  using  process  which  is  capable  of 
direct  use  of  the  steam  without  intermediate 
conversion  to  torque.  The  total  output  of  a 
cogeneration  system  offers  an  attractive  20 
thermodynamic  conversion  efficiency. 

As  is  well  known,  improved  efficiency  in  an 
internal  combustion  engine,  including  a  gas 
turbine  engine,  is  attained  with  lean  fuel-air 
mixtures  at  elevated  combustion  temperatures.  25 
Unfortunately,  elevated  combustion  temper- 
atures  increase  the  production  of  NOx  com- 
pounds  in  the  exhaust.  The  desire  to  improve 
efficiency  thus  comes  into  conflict  with  the 
desire  to  reduce  NOx  compounds  in  the  exhaust.  30 
Government  regulations  increasingly  place  more 
stringent  limits  on  the  amount  of  NOx  which  an 
internal  combustion  engine  is  permitted  to  emit 
into  the  atmosphere. 

NOx  emissions  can  be  reduced  by  brute-force  35 
methods  such  as,  for  example,  reacting  the 
exhaust  with  a  catalyst  or  adding  additional 
chemicals  to  the  exhaust  stream  to  react  the  NOx 
components  into  chemical  compounds  which  are 
more  easily  removed  from  the  exhaust  stream  40 
before  it  exits  the  stack.  Catalytic  reaction  and 
chemical  addition  both  require  additional 
structure  and  operating  expense  to  support. 

It  is  conventional  to  employ  water  of  steam 
injection  into  the  combustion  zone  of  a  gas  45 
turbine  combustor  to  reduce  the  reaction  tem- 
perature  and  thereby  to  reduce  NOx  emissions. 

It  is  also  conventional  to  inject  excess  steam, 
which  may  not  otherwise  be  needed  in  the  using 
process  of  a  cogeneration  system,  into  the  output  50 
of  the  compressor  of  the  gas  turbine  engine.  The 
mass  flow  added  to  the  output  of  the  compressor 
augments  the  power  produced  by  the  turbine 
portion  of  the  gas  turbine  engine.  A  portion  of  the 
steam  thus  injected  into  the  output  of  the  55 
compressor  for  power  augmentation  enters  the 
combustion  zone  of  the  combustor.  This  steam 
also  reduces  the  combustion  reaction  tem- 
perature  and  thereby  the  NOx  emissions. 

60 
Objects  and  Summary  of  the  Invention 

nated  use  of  excess  steam  and  water  injection 
provides  a  predetermined  reduction  in  NOx 
emissions  together  with  a  maximum  increase  in 
output  power  from  the  gas  turbine  portion  of  the 
cogeneration  system. 

It  is  a  further  object  of  the  invention  to  provide 
a  control  system  in  which  an  excess  steam  flow  is 
blended  with  an  output  of  a  compressor  of  a  gas 
turbine.  An  amount  of  water  injected  into  the 
combustion  zone  of  a  combustor  of  the  gas 
turbine  engine  is  modulated  to  produce  a  total 
water  flow  to  the  combustion  zone  which  is 
appropriate  for  maintaining  a  predetermined 
value  of  NOx  emission  reduction. 

It  is  a  still  further  object  of  the  invention  to 
provide  a  control  system  in  which  injection  of  a 
first  excess  of  steam  flow  into  a  combustor  is 
substituted  for  the  injection  of  a  water  flow  into 
the  combustor  of  a  gas  turbine  engine  of  the 
cogeneration  system.  The  amount  of  steam 
substituted  for  the  water  maintains  a  prede- 
termined  reduction  in  NOx  emissions.  Once  the 
available  excess  steam  exceeds  the  total  steam 
requirements  for  NOx  reduction,  a  further  excess 
steam  is  applied  as  power  augmentation  steam 
to  the  output  of  the  compressor. 

As  the  further  excess  steam  is  added  to  the 
output  of  the  compressor,  the  NOx  reduction 
steam  injected  into  the  combustor  zone  is  redu- 
ced  to  compensate  for  the  fraction  of  the  power 
augmentation  steam  which  enters  the  combus- 
tion  zone. 

Briefly  stated,  the  present  invention,  as  claim- 
ed,  provides  a  control  system  for  a  cogeneration 
system  which  measures  the  flow  of  steam 
exceeding  the  requirements  of  the  steam-using 
process.  Water  is  injected  into  a  combustion 
zone  of  a  combustor  within  a  gas  turbine  portion 
of  the  cogeneration  system  to  provide  a  prede- 
termined  reduction  in  NOx  compounds.  The 
excess  steam  is  added  to  an  output  of  the 
compressor  portion  of  the  gas  turbine  to  aug- 
ment  the  gas  turbine  power  output  due  to  the 
augmented  mass  flow.  The  control  system  redu- 
ces  the  water  injection  in  proportion  to  the  steam 
flow  to  maintain  the  total  water  flow  to  the 
combustion  zone  at  a  level  which  maintains  the 
preferred  level  of  NOx  reduction.  In  a  second 
embodiment,  the  excess  steam  is  first  injected 
into  the  combustion  zone  with  a  one-for-one 
equivalent  reduction  in  water  injection.  When  the 
excess  steam  exceeds  the  amount  required  for 
NOx  reduction,  the  excess  is  added  to  the  output 
of  the  air  compressor  for  power  augmentation. 
As  the  power  augmentation  steam  is  added,  a 
proportionate  reduction  is  made  in  the  NOx 
reduction  steam  to  account  for  water  content  in  a 
fraction  of  the  output  of  the  air  compressor 
which  passes  through  the  combustion  zone. 

According  to  an  embodiment  of  the  invention, 
there  is  provided  a  cogeneration  system  com- 
prising  the  cogeneration  system  being  of  a  type 
having  a  gas  turbine  consisting  of  an  air  com- 
pressor,  a  combustor  and  a  turbine  effective  for 
producing  an  output  torque  and  a  flow  of  hot 

Accordingly,  it  is  an  object  of  the  invention  to 
provide  a  control  system  for  a  cogeneration 
system  and  a  control  method  in  which  coordi- 65 
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gasses,  and  a  heat  recovery  steam  generator effective  for  absorbing  heat  energy  from  the  hot 
gasses  and  for  producing  steam,  means  for 
injecting  at  least  one  of  a  steam  and  a  water  into 
a  combustion  zone  of  the  combustor  at  a  flow 
effective  for  producing  a  predetermined  level  of 
reduction  in  a  NOx  in  the  hot  gasses,  means  for 
adding  at  least  part  of  an  excess  steam  from  the 
heat  recovery  steam  generator  to  compressed  air 
from  the  air  compressor  whereby  power  output of  the  gas  turbine  is  augmented  and  means  for 
reducing  the  at  least  one  of  a  steam  and  a  water 
in  a  proportion  to  the  excess  steam  added  to  the 
compressed  air  effective  to  maintain  the  prede- 
termined  level  of  reduction  in  a  NOx  in  the  hot 
gasses. 

According  to  the  invention,  as  claimed,  there  is 
provided  a  method  for  controlling  a  cogeneration 
system  of  a  type  including  a  gas  turbine  and  a heat  recovery  steam  generator,  the  gas  turbine 
including  an  air  compressor,  a  combustor  and  a turbine  effective,  in  combination  for  producing  a 
torque,  and  a  quantity  of  hot  gasses,  the  heat 
recovery  steam  generator  being  effective  to 
absorb  heat  energy  from  the  hot  gasses  for 
producing  steam,  the  method  comprising  inject- 
ing  at  least  one  of  a  steam  and  a  water  into  a 
combustion  zone  of  the  combustor  at  a  flow 
effective  for  producing  a  predetermined  level  of 
reduction  in  a  NOx  in  the  hot  gasses,  adding  at 
least  part  of  an  excess  steam  from  the  heat 
recovery  steam  generator  to  compressed  air  from 
the  air  compressor  whereby  power  output  of  the 
gas  turbine  is  augmented  and  reducing  the  at 
least  one  of  a  steam  and  a  water  in  a  proportion 
to  the  excess  steam  added  to  the  compressed  air 
effective  to  maintain  the  predetermined  level  of 
reduction  in  a  NOx  in  the  hot  gasses. 

The  above,  and  other  objects,  features  and 
advantages  of  the  present  invention  will  become 
apparent  from  the  following  description  read  in 
conjunction  with  the  accompanying  drawings,  in 
which  like  reference  numerals  designate  the 
same  elements. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  simplified  block  and  schematic 
diagram  of  a  cogeneration  system  according  to 
an  embodiment  of  the  invention. 

Fig.  2  is  a  block  diagram  of  a  control  system  of 
Fig.  1. 

Fig.  3  is  a  block  diagram  of  a  water  flow 
command  module  of  Fig.  2. 

Fig.  4  is  a  set  of  curves  to  which  reference  will 
be  made  in  describing  the  operation  of  the 
embodiment  of  the  invention  of  Figs.  1  -  3. 

Fig.  5  is  a  simplified  block  and  schematic 
diagram  of  a  further  embodiment  of  the  inven- 
tion. 

Fig.  6  is  a  block  diagram  of  a  portion  of  a 
control  system  of  Fig.  5. 

Fig.  7  is  a  set  of  curves  to  which  reference  will 
be  made  in  describing  the  embodiment  of  the 
invention  of  Figs.  5  and  6. 

Detailed  Description  of  the  Preferred  Em- 
bodiment 

The  following  description  equates  the 
combustion  cooling  properties  of  steam  and 
water.  This  is  not  precisely  correct  since  the 
water  is  capable  of  absorbing  more  heat  per 
pound  than  steam  in  its  heat  of  vaporization  and 
in  the  additional  heating  it  requires  to  attain  the 
same  temperature  as  the  injected  steam.  The 
embodiments  of  the  invention  take  these  dif- 
ferences  into  account  by  applying  a  bias  factor  in 
the  calculation  of  the  relationships  between 
steam  and  water  flows.  For  purposes  of  descrip- 
tion,  however,  it  is  convenient  to  make  the 
simplifying  assumption  of  direct  equivalence 
between  equal  masses  of  water  and  steam. 

Referring  now  to  Fig.  1,  there  is  shown, 
generally  at  10,  a  cogeneration  system  according 
to  an  embodiment  of  the  invention.  A  gas  turbine 
11  includes  an  air  compressor  12  effective  to 
compress  ambient  air  entering  on  an  air  inlet  line 
14.  Part  of  the  compressed  air  is  connected  on  a 
combustion  air  line  16  to  a  combustion  zone  of  a 
combustor  18.  The  remainder  of  the  compressed 
air  from  air  compressor  12  is  applied  to  combu- 
stor  18  on  an  air  dilution  and  cooling  line  20.  The 
air  on  air  dilution  and  cooling  line  20  bypasses  the 
combustion  reaction  in  combustor  18  and,  in- 
stead,  is  employed  for  reducing  the  temperatures 
of  hot  gasses  and  increasing  the  mass-flow  rate 
of  the  hot  gasses  in  a  combustor  exhaust  line  22 
which  are  applied  to  a  turbine  24.  The  energetic 
hot  gasses  entering  turbine  24  rotate  an  output shaft  26  for  producing  output  torque.  The  hot 
gasses  also  rotate  an  intershaft  28  for  driving  air 
compressor  12. 

After  expanding  in  turbine  24,  the  hot  gasses, 
although  now  considerably  reduced  in  tem- 
perature  and  pressure,  nevertheless  still  contain 
a  substantial  amount  of  unrecovered  energy. Therefore,  the  exhaust  gasses  from  turbine  24  are 
conducted  on  an  exhaust  line  30  to  a  heat 
recovery  steam  generator  32  wherein  the  hot 
exhaust  gasses  pass  over  tubes  containing  cooler 
water  into  which  their  heat  is  absorbed  to 
produce  steam.  The  cooled  exhaust  gasses  are then  conducted  to  a  stack  34  for  dispersion  in  the 
ambient  air. 

The  steam  generated  in  heat  recovery  steam 
generator  32  is  applied  to  a  using  process  on  a 
process  steam  line  36.  The  nature  of  the  using 
process  is  not  of  concern  to  the  present  inven- 
tion.  In  many  cogeneration  systems,  the  econ- 
omic  need  for  output  torque  on  output  shaft  26  is 
at  a  different  level  than  the  need  for  process 
steam  on  process  steam  line  36.  That  is,  if  the 
amount  of  hot  gasses  produced  to  generate  the 
required  torque  are  capable  of  generating  more 
or  less  steam  in  heat  recovery  steam  generator  32 
than  can  be  used  by  the  using  process,  an 
imbalance  exists  between  the  parts  of  the  sys- tem. 

If  an  insufficiency  of  process  steam  is 
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produced,  auxiliary  burners  (not  shown)  may  be 
employed  in  heat  recovery  steam  generator  32  to 
increase  the  amount  of  process  steam  generated 
in  heat  recovery  steam  generator  32. 

If  an  excess  of  process  steam  is  produced,  the  5 
excess  process  steam  may  be  discharged  to  the 
atmosphere.  Discharging  the  excess  steam  is 
undesirable  from  the  standpoints  of  thermo- 
dynamic  efficiency  and  the  impression  of  the 
negative  cosmetic  effect  that  a  steam  plume  has  10 
on  the  neighbors  of  the  system. 

One  measure  of  the  sufficiency  of  the  amount 
of  process  steam  on  process  steam  line  36  is  the 
pressure  in  process  steam  line  36.  When  the 
pressure  therein  exceeds  a  value  indicating  that  15 
an  excess  of  process  steam  is  available,  a 
pressure  controlled  valve  38  opens  to  admit  the 
excess  steam  to  a  power  augmentation  steam 
line  40.  The  excess  steam  flowing  through  power 
augmentation  steam  line  40  is  blended  with  the  20 
compressed  air  from  air  compressor  12  which 
flows  through  combustion  air  line  16  and  air 
dilution  and  cooling  line  20  to  combustor  18.  A 
flow-limiting  valve  42  is  actuated  in  a  manner  to 
be  described  to  prevent  a  flow  of  steam  through  25 
power  augmentation  steam  line  40  in  a  volume 
which  is  capable  of  exceeding  the  liquid  limit  of 
the  combustion  zone  of  combustor  18. 

A  NOx  reduction  water  control  valve  44  con- 
trols  a  flow  of  water  through  a  water  injection  30 
line  46  leading  to  the  combustion  zone  of 
combustor  18  at  a  rate  effective  to  produce  a 
predetermined  reduction  in  NOx  emissions.  For  a 
given  fuel  flow  to  combustor  18,  the  total  amount 
of  water,  or  the  water-equivalent  of  steam,  which  35 
can  be  injected  into  combustor  18  is  limited  by 
flame  blowout,  dynamic  pressure  pulsations. 

The  total  amount  of  water  entering  the 
combustion  zone  includes  the  water  from  water 
injection  line  46  and  the  water  equivalent  of  that  40 
portion  of  the  steam  entering  air  compressor  12 
from  power  augmentation  steam  line  40  which 
ultimately  flows  through  combustion  air  line  16 
into  the  combustion  zone  of  combustor  18.  The 
portion  of  the  injected  steam  flowing  in  air  45 
dilution  and  cooling  line  20  bypasses  the 
combustion  zone  and  therefore  need  not  enter 
the  calculation  of  maximum  water  entering  the 
combustion  zone.  Although  the  exact  division 
differs  from  machine  to  machine,  and  may  also  50 
differ  with  different  operating  conditions  in  a 
single  machine,  the  combustion  air  flowing  in 
combustion  air  line.  16  is  typically  about  one  third 
of  the  total  effluent  from  air  compressor  12.  It 
thus  is  seen  that  a  pound  of  water  flowing  in  NOx  55 
reduction  water  control  valve  44  has  about  three 
times  more  influence  on  the  combustion  zone 
than  a  pound  of  steam  flowing  in  power  aug- 
mentation  steam  line  40. 

A  control  system  48  receives  signals  rep-  60 
resentative  of  the  temperature  and  specific 
humidity  of  the  air  in  air  inlet  line  14  from  a 
temperature  and  humidity  transducer  50  on  a  line 
52.  Control  system  48  also  receives  a  signal 
representative  of  a  flow  of  steam  in  power  65 

augmentation  steam  line  40  from  a  flow  trans- 
ducer  54  on  a  line  56. 

A  fuel  valve  58  meters  fuel  to  combustor  18 
under  control  of  a  signal  on  a  fuel  control  line  60 
from  control  system  48.  The  amount  of  NOx 
reduction  water  injection  into  combustor  18  is 
controlled  by  a  water  control  signal  on  a  water 
control  line  62  from  control  system  48.  Flow- 
limiting  valve  42  is  controlled  by  a  flow-control 
signal  on  a  flow-control  line  64. 

Briefly,  as  long  as  the  using  process  is  capable 
of  consuming  the  total  process  steam  available 
on  process  steam  line  36,  NOx  reduction  water 
control  valve  44  is  controlled  by  the  signal  on 
water  control  line  62  to  inject  a  flow  of  NOx 
reduction  water  into  combustor  18  appropriate  to 
produce  the  required  NOx  reduction  for  the  fuel 
flow  through  fuel  valve  58.  When  an  excess  of 
steam  is  available  in  process  steam  line  36,  it  is 
automatically  valved  into  power  augmentation 
steam  line  40  by  pressure  controlled  valve  38. 
Flow  transducer  54,  sensing  the  steam  flow, 
transmits  a  signal  representing  this  steam  flow  to 
control  system  48.  Control  system  48  calculates 
the  amount  of  the  water  in  this  steam  flow  which 
will  reach  the  combustion  zone  of  combustor  18 
and  reduces  the  water  flow  through  NOx  reduc- 
tion  water  control  valve  44  by  a  corresponding 
amount.  Thus,  the  water,  or  water-equivalent  of 
steam,  injected  into  combustor  18  for  NOx 
reduction  remains  at  the  predetermined  level 
required  to  attain  the  desired  amount  of  NOx 
reduction. 

If  the  excess  steam  available  in  process  steam 
line  36  becomes  so  great  that  the  portion  of  such 
excess  reaching  combustion  air  line  18  for  injec- 
tion  into  the  combustion  zone  of  combustor  18 
would  exceed  the  maximum  water  limit,  a  signal 
on  line  56  to  flow-limiting  valve  42  partially  closes 
flow-limiting  valve  42  to  limit  the  steam  flow  in 
power  augmentation  steam  line  40  to  a  value 
below  that  which  exceeds  the  water  injection 
requirements  of  combustor  18.  If  the  amount  of 
available  process  steam  increases  still  further, 
the  pressure  in  process  steam  line  36  may 
increase. 

Referring  now  to  Fig.  2,  control  system  48 
includes  a  fuel  control  module  66  for  calculating  a 
fuel  flow  required  to  satisfy  the  power  re- 
quirements  of  a  command  input  68.  Fuel  control 
module  66  produces  a  fuel  control  signal  for 
application  on  fuel  control  line  60  to  fuel  valve  58 
(Fig.  1).  In  addition,  fuel  control  module  66 
applies  a  signal  proportional  to  fuel  flow  on  a  line 
70  to  a  water-requirements  calculator  72.  Water- 
requirements  calculator  72  also  receives  the 
temperature  and  specific  humidity  data  on  line 
52.  In  response  to  its  inputs,  water-requirements 
calculator  72  applies  a  signal  representing  the 
total  desired  water  injection  into  the  combustion 
zone  of  combustor  18  required  to  maintain  a 
desired  level  of  NOx  reduction  for  the  existing 
level  of  fuel  flow  on  a  line  74  to  a  water  flow 
command  module  76.  Water  flow  command 
module  76  also  receives  the  flow  signal  on  line  56 
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representing  the  total  steam  flow  passing  to  air 
compressor  12  (Fig.  1). 

As  more  steam  flow  is  detected,  water  flow 
command  module  76  reduces  its  water  flow 
command  in  the  proportion  required  to  maintain  5 
the  same  effective  quantity  of  water  injection  to 
the  combustion  zone  of  combustor  18.  If  the 
steam  flow  increases  sufficiently  to  shut  off  the 
water  flow  completely,  water  flow  command 
module,  76  begins  to  produce  a  flow-limit  signal  10 
on  flow-control  line  64  in  order  to  hold  the 
maximum  steam  flow  to  air  compressor  12  at  a value  which  does  not  overinject  water,  or  water 
plus  the  water-equivalent  steam,  into  combustor 
18D  ,  .  IS 

Referring  now  to  Fig.  3,  water  flow  command 
module  76  contains  a  steam  effectiveness  module 
78  which,  based  on  the  amount  of  excess  steam 
flow,  calculates  the  amount  of  water  in  the  steam 
which  will  enter  the  combustion  zone.  For  exam-  20 
pie,  if  the  particular  system  is  one  in  which  one- third  of  the  output  of  air  compressor  12  enters 
the  combustion  zone  of  combustor  18,  then  an increase  of  one  pound  of  steam  flow  per  unit 
time  requires  a  reduction  of  one-third  of  a  pound  25 
of  water  flow  per  unit  time.  Steam  effectiveness 
module  78  applies  a  signal  representing  the 
amount  of  water  reduction  required  on  a  line  80 
to  a  minus  input  of  a  subtractor  82.  The  total 
water  requirements  signal  on  line  74  is  applied  to  30 
the  plus  input  of  subtractor  82.  A  difference 
signal  from  subtractor  82,  representing  the 
amount  of  water  which  must  be  injected  into 
combustor  18,  is  applied  to  water  control  line  62 
for  use  as  described.  35 

Referring  to  Fig.  4,  the  relationships  between 
water  injection  and  excess  steam  flows  are 
shown.  It  will  be  noted  that  the  positive  slope  of 
the  excess  steam  flow  curve  is  about  three  times 
as  great  as  the  negative  slope  of  the  water  40 
injection  curve.  This  follows  from  the  fact  that 
only  a  fraction  of  the  steam  reaches  the  combus- 
tion  zone  of  combustor  18.  With  the  relationships 
shown,  the  amount  of  water  entering  the 
combustion  zone  remains  at  the  selected  45 
combustion  water  limit. 

Referring  again  momentarily  to  Fig.  1,  although 
pressure  controlled  valve  38  and  flow-limiting 
valve  42  are  shown  as  separate  units,  in  a  further 
embodiment  of  the  invention,  flow-limiting  valve  50 
42  is  omitted  and  the  maximum  steam  flow  in 
power  augmentation  steam  line  40  is  limited  by  a 
signal  applied  from  control  system  48  to  pressure controlled  valve  38  which  adjusts  the  pressure threshold  thereof  upward  a  sufficient  amount  to  55 
limit  the  steam  flow. 

If  the  water  injected  into  combustor  18  is  not 
extremely  pure,  harmful  chemical  reactions  and 
scale  deposits  may  limit  the  useful  life  of  the 
apparatus.  Equipment  to  obtain  the  required  level  60 of  water  purity  is  expensive.  Steam  is  inherently 
pure.  Thus,  steam  is  preferred  for  injection  into 
the  combustion  zone,  when  it  is  available,  in 
substitution  for  water. 

Referring  now  to  Fig.  5,  a  cogeneration  system  65 

is  shown,  generally  at  84,  which  substitutes 
excess  steam  for  water  injection  when  the  steam is  available.  When  more  steam  is  available  than  is 
required  to  satisfy  all  of  the  requirements  for 
NOx  reduction,  the  additional  steam  is  fed  to  the 
outlet  of  air  compressor  12  for  power  augmen- tation.  The  injected  steam  must  be  reduced  in  the 
proper  proportion  as  power  augmentation  steam is  admitted  to  maintain  the  total  steam  flow  into 
the  combustion  zone  below  a  value  which  ex- ceeds  the  maximum  water  limit  of  the  combustor. 

The  principal  difference  between  the  em- 
bodiments  of  Figs.  1  and  5  is  seen  in  the  addition 
of  a  NOx  reduction  steam  line  86  leading  to  the 
combustion  zone  of  combustor  18  and  a  control 
valve  88  responsive  to  a  signal  on  a  line  89  for 
controlling  the  amount  of  steam  flowing  therein. 
A  flow  transducer  90  feeds  a  signal  representing the  steam  flow  in  NOx  reduction  steam  line  86  on 
a  line  92  to  a  control  system  94.  As  in  the  prior 
embodiment,  flow  transducer  54  feeds  a  signal 
representing  steam  flow  in  power  augmentation 
steam  line  40  on  line  56  to  control  system  94. 

In  the  prior  embodiment,  flow-limiting  valve  42 
served  the  relatively  passive  function  of  permit- 
ting  all  of  the  excess  steam  to  flow  therethrough 
until  a  maximum  limit  is  reached.  The  em- 
bodiment  of  Fig.  5  requires  active  control  of  flow- 
limiting  valve  42  and  control  valve  88  for 
proportioning  steam  flow  in  a  predetermined 
manner  between  power  augmentation  steam  line 
40  and  NOx  reduction  steam  line  86. 

Fig.  6  shows  the  changed  portion  of  control 
system  94.  The  two  steam  flow  signals  on  lines  56 
and  92  are  applied  to  a  water  and  steam  flow 
command  module  96  along  with  a  signal  on  line 
74  indicating  the  amount  of  water  injection 
required.  A  NOx  reduction  steam  flow  command 
is  applied  to  line  89  and  to  a  minus  input  of 
subtractor  82.  The  water-requirement  command 
is  applied  to  a  plus  input  of  subtractor  82.  As  the 
NOx  reduction  steam  flow  command  on  line  89 
increases,  its  value  is  subtracted  from  the  water 
flow  command  on  line  74  to  produce  the  resultant 
water  flow  command  on  water  control  line  62 
which  controls  NOx  reduction  water  control  valve 
44  (Fig.  5). 

Referring  now  also  to  Fig.  5,  when  the  available 
excess  steam  is  sufficient  to  drive  the  water  flow 
command  on  water  control  line  62  to  zero, additional  excess  steam  is  valved  through  flow- 
limiting  valve  42  to  air  compressor  12  where  it 
mixes  with  the  compressed  air  for  power  aug- mentation.  The  amount  of  steam  flowing  through 
NOx  reduction  steam  line  86  must  be 
proportionately  reduced  to  maintain  the  total 
steam  flow  to  the  combustion  zone  at  a  value 
which  produces  the  desired  level  of  NOx  reduc- 
tion. 

Referring  now  to  Fig.  7,  the  water  and  steam 
flow  relationships  are  shown.  As  excess  steam, indicated  by  a  dashed  line,  becomes  available] 
each  increment  of  excess  steam  fed  to  combu- 
stor  18  for  NOx  reduction,  indicated  by  a  dot- 
dash  line,  is  matched  by  a  corresponding  de- 
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crease  in  water  flow,  indicated  by  a  solid  line. 
When  the  excess  steam  flow  (and  NOx  reduction 
steam  flow)  reaches  the  combustor  water  limit, 
water  flow  is  cut  off  and  power  augmentation 
steam  flow,  indicated  by  a  dotted  line,  begins  5 
with  a  proportional  reduction  in  NOx  reduction 
steam  flow.  The  maximum  steam  limit,  indicated 
by  a  horizontal  dashed  line,  is  reached  by  the 
power  augmentation  steam  flow  at  the  same  time 
that  the  NOx  reduction  steam  flow  reaches  zero.  10 
Thereafter,  the  power  augmentation  steam  flow 
is  limited  to  this  maximum  steam  limit  regardless 
of  the  availability  of  additional  excess  steam. 

The  foregoing  system  can  be  implemented 
using  any  convenient  technology.  Control  sys-  15 
terns  48  and  94,  in  particular,  may  be  automatic, 
semi-automatic  or  manually  aided  systems.  For 
example,  the  amount  of  water  injection  required 
may  be  determined  by  a  human  operator  reading 
an  existing  fuel  flow  measurement  and  looking  20 
up  a  corresponding  water  flow  required  to  attain 
the  desired  level  of  NOx  reduction  in  a  table  or 
plotted  curve.  The  operator  may  then  manually 
open  a  water  control  valve  to  admit  the  required 
amount  of  water.  In  a  similar  manner,  the  25 
operator  may  monitor  the  flow  of  excess  steam 
and  use  a  table  or  curve  to  determine  a  reduced 
value  for  water  flow.  The  operator  accordingly 
may  then  adjust  the  water  flow.  In  the  preferred 
embodiment,  the  relationships  between  fuel  30 
flow,  water  injection  and  the  one  or  two  steam 
flows  are  contained  in  a  digital  memory  as  tables 
or  mathematical  functions.  The  calculations  are 
performed  by  a  digital  computer,  preferably  a 
microprocessor.  Suitable  conventional  analog-to-  35 
digital  and  digital-to-analog  conversion  ap- 
paratus  are  required  to  convert  analog  signals  to 
digital  and  vice  versa. 

40 

Claims 

1.  A  control  system  for  a  cogeneration  system 
comprising:  45 

a  gas  turbine  having  an  air  compressor,  a 
combustor  and  a  turbine  effective  for  producing 
an  output  torque  and  a  flow  of  hot  gasses; 

a  heat  recovery  steam  generator  effective  for 
absorbing  heat  energy  from  said  flow  of  hot  50 
gasses  and  for  producing  steam; 

means  for  injecting  at  least  one  of  a  steam  and 
a  water  into  a  combustion  zone  of  said  combu- 
stor  at  a  flow  effective  for  producing  a  prede- 
termined  level  of  reduction  in  NOx  in  said  flow  of  55 
hot  gasses;  characterized  by 

means  for  adding  excess  steam  from  the  heat 
recovery  steam  generator  to  a  compressed  air 
from  said  air  compressor; 

means  for  introducing  a  portion  of  said  com-  60 
pressed  air  containing  part  of  the  excess  steam 
into  the  combustion  zone  of  said  combustor  in 
order  to  augment  the  power  output  of  said  gas 
turbine; 

means  for  introducing  the  remaining  portion  of  65 

said  compressed  air  containing  the  remaining 
part  of  the  excess  steam  into  the  combustor  in 
such  manner  as  to  bypass  the  combustion  zone; and 

means  for  reducing  said  at  least  one  of  a  steam 
and  a  water  in  a  proportion  to  said  excess  steam 
added  to  said  compressed  air  effective  to 
maintain  said  predetermined  level  of  reduction  in 
NOx  in  said  flow  of  hot  gasses. 

2.  A  control  system  according  to  claim  1 
wherein  said  at  least  one  of  a  steam  and  a  water 
includes  a  steam  and  a  water  in  a  flow  which, 
together,  is  effective  for  producing  said  prede- 
termined  level  of  reduction  in  NOx. 

3.  A  control  system  according  to  claim  2 
wherein  said  system  further  includes  means  for 
first  substituting  said  excess  steam  for  said  water 
and  simultaneously  reducing  said  water  in 
proportion  to  said  excess  steam  until  said  excess 
steam  is  sufficient  to  maintain  said  prede- 
termined  level  of  reduction  in  NOx  without 
requiring  said  water. 

4.  A  control  system  according  to  claim  3 
wherein  said  means  for  adding  at  least  a  part  of 
an  excess  steam  to  said  compressed  air  is 
effective  only  after  said  excess  steam  is  at  least 
sufficient  to  maintain  said  predetermined  level  of 
reduction  in  NOx  without  requiring  said  water. 

5.  A  control  system  according  to  claim  1  further 
comprising  means  for  limiting  a  flow  of  said 
excess  steam  added  to  said  compressed  air  to  a 
value  which  does  not  exceed  an  amount  required 
for  maintaining  said  predetermined  level  of 
reduction  in  NOx. 

6.  A  method  for  controlling  a  cogeneration 
system  of  a  type  including  a  gas  turbine  and  a 
heat  recovery  steam  generator,  said  gas  turbine 
including  an  air  compressor,  a  combustor  and  a 
turbine  effective,  in  combination,  for  producing  a 
torque,  and  a  quantity  of  hot  gasses,  said  heat 
recovery  steam  generator  being  effective  to 
absorb  heat  energy  from  said  quantity  of  hot 
gasses  for  producing  steam,  the  method  com- 
prising: 

injecting  at  least  one  of  a  steam  and  a  water 
into  a  combustion  zone  of  said  combustor  at  a 
flow  effective  for  producing  a  predetermined 
level  of  reduction  in  NOx  in  said  flow  of  hot 
gasses;  characterized  by 

adding  excess  steam  from  the  heat  recovery 
steam  generator  to  a  compressed  air  from  said 
air  compressor; 

introducing  a  portion  of  said  compressed  air 
containing  part  of  the  excess  steam  into  the 
combustion  zone  of  said  combustor  in  order  to 
augment  the  power  output  of  said  gas  turbine; 

introducing  the  remaining  portion  of  said 
compressed  air  containing  the  remaining  part  of 
the  excess  steam  into  the  combustor  in  such 
manner  as  to  bypass  the  combustion  zone;  and 

reducing  said  at  least  one  of  a  steam  and  a 
water  in  a  proportion  to  said  excess  steam  added 
to  said  compressed  air  effective  to  maintain  said 
predetermined  level  of  reduction  in  NOx  in  said 
flow  of  hot  gasses. 
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Patentanspriiche 

1.  Steueranordnung  fur  ein  kombiniertes  Sy- 
stem,  aufweisend: 

eine  Gasturbine  mit  einem  Luftverdichter,  5 
einem  Combustor  und  einer  Turbine,  wirksam 
zum  Erzeugen  eines  Ausgangsdrehmoments  und 
einer  Stromung  heiBer  Gase; 

einen  Warmeruckgewinnungsdampfgenerator, 
der  so  wirksam  ist,  daB  er  Warmeenergie  aus  der  10 
Stromung  heiBer  Gase  absorbiert  und  Dampf 
erzeugt; 

eine  Einrichtung,  die  von  einem  Dampf  und 
Wasser  zumindest  eine  Sorte  in  eine  Ver- 
brennungszone  des  Combustors  mit  einer  Stro-  15 
mungsmenge  injiziert,  die  zum  Erzeugen  eines 
vorbestimmten  Reduktionspegels  in  NOx  in  die- 
ser  Stromung  heiBer  Gase  wirksam  ist; 

gekennzeichnet  durch 
eine  Einrichtung,  die  aus  dem  Warmeruck-  20 

gewinnungsdampf  generator  UberschuBdampf 
einer  verdichteten  Luft  vom  Luftverdichter  hin- 
zufiigt; 

eine  Einrichtung,  die  einen  Anteil  dieser  ver- 
dichteten  Luft,  welche  einen  Teil  des  liber-  25 
schuSdampfes  enthalt,  in  die  Verbrennungszone 
des  Combustors  einleitet,  urn  die  Ausgangslei- 
stung  der  Gasturbine  zu  erhohen; 

eine  Einrichtung,  die  den  verbieibenden  Anteil 
der  verdichteten  Luft,  welche  den  verbieibenden  30 
Teil  des  UberschuBdampfes  enthalt,  in  einer 
solchen  Weise  in  den  Combustor  einleitet,  daB 
die  Verbrennungszone  bypassmaBig  umfiihrt 
wird;  und 

eine  Einrichtung,  die  von  einem  Dampf  und  35 
Wasser  zumindest  eine  Sorte  in  einem  solchen 
Verhaltnis  zum  UberschuSdampf,  der  der  ver- 
dichteten  Luft  hinzugefiigt  ist,  reduziert,  welches 
so  wirksam  ist,  daB  der  vorbestimmte  Reduk- 
tionspegel  in  NOx  in  der  Stromung  heiBer  Gase  40 
aufrechterhalten  wird. 

2.  Steueranordnung  nach  Anspruch  1,  in  wel- 
cher  diese  zumindest  eine  Sorte  von  einem 
Dampf  und  Wasser  einen  Dampf  und  Wasser  in 
einer  Stromungsmenge  einschlieSt,  die  zusam-  45 
men  so  wirksam  ist,  daB  sie  diesen  vorbestimm- 
ten  Reduktionspegel  in  NOx  erzeugt. 

3.  Steueranordnung  nach  Anspruch  2,  in  wel- 
cher  die  Anordnung  ferner  eine  Einrichtung 
aufweist,  urn  zunachst  den  UberschuBdampf  fur  50 
das  Wasser  zu  substituieren  und  simultan  das 
Wasser  im  Verhaltnis  zum  UberschuBdampf  zu 
reduzieren,  bis  der  UberschuBdampf  ausreicht, 
urn  den  vorbestimmten  Reduktionspegel  in  NOx, 
ohne  dieses  Wasser  zu  benotigen,  aufrecht  zu  55 
erhalten. 

4.  Steueranordnung  nach  Anspruch  3,  in  wel- 
cher  diese  Einrichtung  zum  Hinzufiigen  zumindest 
eines  Teils  eines  OberschuBdampfes  zur  verdich- 
teten  Luft  nur  wirksam  ist,  nachdem  der  Ober-  60 
schuSdampf  zumindest  ausreicht,  urn  den  vor- 
bestimmten  Reduktionspegel  in  NOx,  ohne  die- 
ses  Wasser  zu  benotigen,  aufrecht  zu  erhalten. 

5.  Steueranordnung  nach  Anspruch  1,  welche 
ferner  eine  Einrichtung  aufweist,  die  eine  Stro-  65 

mungsmenge  des  UberschuSdampfes,  der  der 
verdichteten  Luft  hinzugefiigt  ist,  auf  einen  Wert 
begrenzt,  der  ein  zur  Aufrechterhaltung  des 
vorbestimmten  Reduktionspegels  in  NOx  erfor- 
derliches  AusmaB  nicht  ubersteigt. 

6.  Verfahren  zum  Steuern  eines  kombinierten 
Systems  einer  Art,  die  eine  Gasturbine  und  einen 
Warmeruckgewinnungsdampf  generator  umfaBt, 
wobei  die  Gasturbine  einen  Luftverdichter,  einen 
Combustor  und  eine  Turbine  umfaBt,  die  in 
Kombination  wirksam  sind,  um  ein  Drehmoment 
zu  erzeugen  und  eine  Menge  heiSer  Gase,  wobei 
der  Warmeriickgewinnungsdampfgenerator  so wirksam  ist,  daB  er  Warmeenergie  aus  dieser 
Menge  heiBer  Gase  zur  Erzeugung  von  Dampf 
absorbiert,  welches  Verfahren  umfaBt: 

die  Injektion  von  zumindest  einer  Sorte  eines 
Dampfes  und  Wasser  in  eine  Verbrennungszone 
des  Combustors  mit  einer  Stromungsmenge,  die 
zur  Erzeugung  eines  vorbestimmten  Reduk- 
tionspegels  in  NOx  in  dieser  Stromung  heiSer 
Gase  wirksam  ist; 

gekennzeichnet  durch 
Hinzufiigen  von  UberschuBdampf  aus  dem 

Warmeriickgewinnungsdampfgenerator  zur  ver- 
dichteten  Luft  vom  Luftverdichter; 

Einleiten  eines  Anteils  der  verdichteten  Luft, 
die  einen  Teil  des  OberschuBdampfes  enthalt,  in 
die  Verbrennungszone  des  Combustors,  um  die 
Ausgangsleistung  der  Gasturbine  zu  erhohen; 

Einleiten  des  verbieibenden  Anteils  der  ver- 
dichteten  Luft,  die  den  verbieibenden  Teil  des 
OberschuBdampfes  enthalt,  in  den  Combustor  in 
einer  solchen  Weise,  daB  die  Verbrennungszone 
bypassmaBig  umfuhrtwird;  und 

Reduzieren  zumindest  einer  Sorte  eines  Damp- 
fes  und  Wasser  in  einem  solchen  Verhaltnis  zum 
UberschuBdampf,  der  der  verdichteten  Luft 
hinzugefiigt  ist,  welche  wirksam  ist,  den  vor- 
bestimmten  Reduktionspegel  in  NOx  in  dieser 
Stromung  heiBer  Gase  aufrecht  zu  erhalten. 

45  Revendications 

1.  Systeme  de  commande  pour  un  systeme  de 
cogeneration,  comprenant: 

une  turbine  a  gaz  ayant  un  compresseur  d'air, 
une  chambre  de  combustion  et  une  turbine 
permettant  de  produire  un  couple  de  sortie  et  un 
courant  de  gaz  chauds; 

un  generateur  de  vapeur  a  recuperation  de 
chaleur  permettant  d'absorber  I'energie  ther- 
mique  du  courant  de  gaz  chauds  et  produire  de  la 
vapeur; 

un  moyen  pour  injecter  au  moins  de  la  vapeur 
ou  de  I'eau  dans  une  zone  de  combustion  de  la 
chambre  de  combustion  a  un  debit  permettant  de 
produire  une  valeur  predeterminee  de  la  reduc- 
tion  de  NOx  dans  le  courant  de  gaz  chauds, 
caracterise  par: 

un  moyen  pour  ajouter  de  la  vapeur  en  exces 
provenant  du  generateur  de  vapeur  a  recupera- tion  de  chaleur  a  de  I'air  comprime  provenant  du 
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compresseur; 
un  moyen  pour  introduire  une  partie  de  I'air 

comprime  contenant  une  partie  de  la  vapeur  en 
exces  dans  la  zone  de  combustion  de  la  chambre 
de  combustion  de  maniere  a  augmenter  la  5 
puissance  de  sortie  de  la  turbine  a  gaz; 

un  moyen  pour  introduire  le  reste  de  I'air 
comprime  contenant  le  reste  de  la  vapeur  en 
exces  dans  la  chambre  de  combustion  d'une 
maniere  telle  qu'il  y  a  contournement  de  la  zone  10 
de  combustion; 

un  moyen  pour  reduire  au  moins  la  vapeur  ou 
I'eau  dans  une  proportion  par  rapport  a  la  vapeur 
en  exces  ajoutee  a  I'air  comprime  permettant  de 
maintenir  la  valeur  predeterminee  de  la  reduction  15 
de  NOx  dans  le  courant  de  gaz  chauds. 

2.  Systeme  de  commande  selon  la  revendica- 
tion  1,  dans  lequel  au  moins  la  vapeur  ou  I'eau 
comprend  de  la  vapeur  et  de  I'eau  dans  un 
ecoulement  qui,  ensemble,  permet  de  produire  la  20 
valeur  predeterminee  de  la  reduction  de  NOx. 

3.  Systeme  de  commande  selon  la  revendica- 
tion  2,  dans  lequel  le  systeme  comprend  en  outre 
un  moyen  pour  substituer  tout  d'abord  la  vapeur 
en  exces  a  I'eau  et  reduire  simultanement  I'eau  25 
proportionnellement  a  la  vapeur  en  exces  jusqu'a 
ce  que  cette  vapeur  en  exces  soit  suffisante  pour 
maintenir  la  valeur  predeterminee  de  la  reduction 
de  NOx  sans  necessiter  ladite  eau. 

4.  Systeme  de  commande  selon  la  revendica-  30 
tion  3,  dans  lequel  le  moyen  pour  ajouter  au 
moins  une  partie  d'une  vapeur  en  exces  a  I'air 
comprime  est  efficace  seulement  apres  que  la 
vapeur  en  exces  soit  au  moins  suffisante  pour 
maintenir  la  valeur  predeterminee  de  la  reduction  35 
de  NOx  sans  necessiter  ladite  eau. 

5.  Systeme  de  commande  selon  la  revendica- 
tion  1,  comprenant  en  outre  un  moyen  pour 
limiter  I'ecoulement  de  la  vapeur  en  exces 
ajoutee  a  I'air  comprime  a  une  valeur  qui  ne  40 
depasse  pas  la  quantite  requise  pour  maintenir  la 
valeur  predeterminee  de  la  reduction  de  NOx. 

6.  Procede  pour  commander  un  systeme  de 
cogeneration  d'un  type  comprenant  une  turbine  a 
gaz  et  un  generateur  de  vapeur  a  recuperation  de  45 
chaleur,  la  turbine  a  gaz  comportant  un  compres- 
seur  d'air,  une  chambre  de  combustion  et  une 
turbine  permettant,  en  combinaison,  de  produire 
un  couple,  et  une  certaine  quantite  de  gaz 
chauds,  le  generateur  de  vapeur  a  recuperation  50 
de  chaleur  pouvant  absorber  I'energie  thermique 
de  la  quantite  de  gaz  chauds  pour  produire  de  la 
vapeur,  le  procede  consistant  a: 

injecter  au  moins  de  la  vapeur  ou  de  I'eau  dans 
une  zone  de  combustion  de  la  chambre  de  55 
combustion  a  un  debit  permettant  de  produire 
une  valeur  predeterminee  de  la  reduction  de  NOx 
dans  le  courant  de  gaz  chauds; 

caracterise  par  les  etapes  consistant  a: 
ajouter  de  la  vapeur  en  exces  provenant  du  60 

generateur  de  vapeur  a  recuperation  de  chaleur  a 
de  I'air  comprime  provenant  du  compresseur 
d'air; 

introduire  une  partie  de  I'air  comprime  conte- 
nant  une  partie  de  la  vapeur  en  exces  dans  la  65 

zone  de  combustion  de  la  chambre  de  combus- 
tion  de  maniere  a  augmenter  la  puissance  de 
sortie  de  la  turbine  a  gaz; 

introduire  le  reste  de  I'air  comprime  contenant 
le  reste  de  la  vapeur  en  exces  dans  la  chambre 
de  combustion  d'une  maniere  telle  qu'il  y  a 
contournement  de  la  zone  de  combustion; 

reduire  la  vapeur  ou  I'eau  proportionnellement 
a  la  vapeur  en  exces  ajoutee  a  I'air  comprime  afin 
de  maintenir  la  valeur  predeterminee  de  la 
reduction  de  NOx  dans  le  courant  de  gaz  chauds. 
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