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©  Steam  turbine  system. 

Steam  turbine  system  comprising  an  H.P.  (high  pressu- 
re)  turbine  unit  (1),  an  I.P.  (intermediate  pressure)  turbine  unit 
(11),  and  a  L.P.  (low  pressure)  turbine  unit  (III),  wherein  the 
said  turbine  units  are  interconnected  and  the  rotors  of  the 
H.P.  turbine  unit  and  of  the  I.P.  turbine  unit  are  coupled  (13) 
with  each  other  such  that  during  normal  operation  they 
rotate  at  the  same  speed.  According  to  the  invention  the  L.P. 
turbine  unit  (III)  comprises  a  group  of  a  relatively  large 
number  of  independent,  relatively  small  L.P.  turbines  (T1,  T2, 
T3  ...  Tn)  wherein  each  small  L.P.  turbine  forms  a  set  with  a 
corresponding  turbo-  compressor  (C1,  C2,  C3  ...  Cn)  and  in 
each  set  the  rotor  of  the  small  L.P.  turbine  is  coupled  (25), 
(26),  (27),  (28),  with  the  rotor  of  the  corresponding  turbo- 
compressor  such  that,  during  normal  operation,  they  rotate 
at  the  same  speed.  The  steam  inlet  (31,  32,  33,  34)  of  each 
small  L.P.  turbine  and  the  steam  inlet  (45, 46, 47, 48)  of  each 
corresponding  turbo-compressor  is  connected  to  the  steam 
outlet  (9)  of  the  I.P.  turbine  unit,  and  the  steam  outlet  (35,  36, 
37,  38)  of  each  small  L.P.  turbine  is  connected  to  a  steam 
exhaust.  Furthermore  the  steam  outlets  (55,  56,  57,  58)  of the 
turbo-compressors  are  connected  to  a  suitable  expansion 
stage  of  the  H.P.  or  I.P.  turbine  unit  and/or  to  other 
steam-consuming  equipment.  Finally  the  small  L.P.  turbines 
with  the  corresponding  turbo-compressors  are  constructed 
in  such  a  manner  that  during  normal  operation  their  rotors 

rotate  at  a  substantially  higher  speed  than  the  rotors  of  the 
H.P.  and  I.P.  turbine  units. 



The  i n v e n t i o n   r e l a t e s   to  a  steam  t u rb ine   system  compris ing   an 

H.P.  (high  p r e s s u r e )   t u r b i n e   un i t ,   an  I .P.   ( i n t e r m e d i a t e   p r e s s u r e )  

t u rb ine   u n i t ,   and  a  L.P.  (low  p re s su re )   t u r b i n e   u n i t ,   wherein  t h e  

steam  i n l e t   of  the  H.P.  t u r b i n e   uni t   is  connected  to  a  s t e a m  

supply,   the  steam  o u t l e t   of  the  H.P.  t u rb ine   un i t   is  connected  t o  

the  steam  i n l e t   of  the  I .P.   t u rb ine   u n i t ,   the  steam  o u t l e t   of  t h e  

I .P.   t u r b i n e   uni t   is  connected  to  the  steam  i n l e t   of  the  L . P .  

t u rb ine   u n i t ,   the  steam  o u t l e t   of  the  L.P.  t u r b i n e   un i t   is  c o n -  

nected  to  a  steam  exhaus t ,   and  wherein  the  r o t o r s   of  the  H .P .  

tu rb ine   uni t   and  of  the  I .P.   t u rb ine   uni t   are  coupled  with  e a c h  

other   such  tha t   dur ing  normal  o p e r a t i o n   they  r o t a t e   at  the  same 

s p e e d .  

Such  steam  t u r b i n e   systems  are  known.  In  a  common  type  t h e  

H.P.,   I . P . ,   and  L.P.  t u r b i n e   un i t s   are  coupled  by  means  of  a 

common  shaf t   to  a  g e n e r a t o r   for  g e n e r a t i n g   e l e c t r i c i t y .   In  n o r m a l  

o p e r a t i o n ,   t h e r e f o r e ,   the  r o t o r s   of  a l l   the  t u r b i n e   u n i t s   r o t a t e  

at  the  same  speed.  A  customary  speed  is  3000  r . p . m . ,   whereby  600 

MW  is  t y p i c a l l y   gene ra t ed .   These  t u r b i n e s   u s u a l l y   employ  a  b a r r e l -  

type  H.P.  t u r b i n e ,   one,  or  more  u sua l ly   two,  d iabo lo   I .P.   t u r -  

b ines ,   and  four  d iabo lo   L.P.  t u r b i n e s .   The  e f f i c i e n c i e s   of  t h e  

va r ious   t u rb ine   un i t s   of  such  a  steam  t u rb ine   system  tend  to  d i f f e r  

c o n s i d e r a b l y .   For  example,  in  a  very  good  t u r b i n e   system  with  an  

o v e r a l l   e f f i c i e n c y   of  0.86,   the  H.P.  t u rb ine   un i t   might  achieve   an  

e f f i c i e n c y   of  0.85,  the  I .P .   tu rb ine   uni t   an  e f f i c i e n c y   of  0.9  o r  

more,  and  the  L.P.  t u r b i n e   an  e f f i c i e n c y   of  0.77  at  the  most.  A l s o  

the  costs   per  gene ra t ed   kW  vary  g r e a t l y   from  one  t u r b i n e   un i t   t o  

the  o t h e r .  

Although  the  H.P.  t u rb ine   unit   is  the  most  complex,  s ince  i t  

must  meet  very  exac t i ng   demands  due  to  the  high  p r e s s u r e s   and 

t empera tu re s   of  the  steam  it  r e c e i v e s ;   th i s   is  compensated  however  

by  the  fact   that   the  H.P.  t u rb ine   unit   has  a  very  high  power 

dens i ty   on  account  of  the  cond i t ion   of  the  steam  it  uses.   The 

costs   of  the  I .P.   t u r b i n e   uni t   per  kW  are,  however,  lower  t h a n  

those  of  the  H.P.  t u r b i n e   un i t .   This  is  due  to  the  fact   that   t h e  



p r e s s u r e s   and  t e m p e r a t u r e s   of  the  steam  used  by  the  I .P.  t u r b i n e  

un i t   are  not  extreme,   so  that   the  I .P.   t u r b i n e   uni t   can  be  con-  

s t r u c t i v e l y   s imple ,   the  fac t   that   in  the  I .P .   t u rb ine   unit   t h e  

i n c r e a s e   in  the  s t eam ' s   s p e c i f i c   volume  is  moderate ,   and  the  f a c t  

tha t   the  I .P.   t u r b i n e   u n i t ' s   e f f i c i e n c y   is  h i g h e r .  

The  dimensions  of  the  L.P.  tu rb ine   un i t   are  very  large  due  t o  

the  g rea t   volume  i n c r e a s e   of  the  steam  in  the  L.P.  turb ine   u n i t  

and  to  the  r e s t r i c t i o n s   placed  on  the  speed  of  the  steam  owing  t o  

the  r o t a t i o n a l   speed,  m a t e r i a l   s t r e n g t h ,   and  mois ture   content   o f  

the  steam.  The  power  d e n s i t y   in  the  L.P.  t u r b i n e   uni t   is  low  on 

account   of  the  grea t   i n c r e a s e   in  the  volume  flow  of  the  steam  i n  

the  L.P.  t u rb ine   un i t   for  a  comparable  heat  drop.  Together  w i t h  

the  low  e f f i c i e n c y   of  the  L.P.  t u rb ine   u n i t ,   t h i s   r e s u l t s   in  t h e  

cost   per  gene ra t ed   kW  being  the  h ighes t   for  the  L.P.  tu rb ine   u n i t .  

The  above  problems  are  caused  by  the  customary  L.P.  t u r b i n e  

u n i t s   having  to  p rocess   very  large  q u a n t i t i e s   of  wet  steam  a t  

fo rced   speeds.  The  ob j ec t   of  the  i nven t ion   is  to  e l imina te   t h e s e  

d i s a d v a n t a g e o u s   f a c t o r s   wi thout   de t r iment   to  the  e f f i c i e n c y .  

The  above  t u r b i n e   system  according  to  the  invent ion   i s  

t h e r e t o   c h a r a c t e r i z e d   in  that   the  L.P.  t u r b i n e   un i t   comprises  a 

group  of  a  r e l a t i v e l y   l a rge   number  of  i ndependen t ,   r e l a t i v e l y  

small   L.P.  t u r b i n e s ,   in  that   each  small  L.P.  t u rb ine   forms  a  s e t  

with  a  co r r e spond ing   t u r b o - c o m p r e s s o r ,   in  tha t   in  each  set  t h e  

r o t o r   of  the  small  L.P.  t u rb ine   is  coupled  with  the  rotor   of  t h e  

c o r r e s p o n d i n g   t u r b o - c o m p r e s s o r   such  t ha t ,   during  normal  o p e r a t i o n ,  

they  r o t a t e   at  the  same  speed,  in  that   the  steam  i n l e t   of  each  

smal l   L.P.  t u r b i n e   and  the  steam  i n l e t   of  each  c o r r e s p o n d i n g  

t u r b o - c o m p r e s s o r   is  connected   to  the  steam  o u t l e t   of  the  I . P .  

t u r b i n e   u n i t ,   in  tha t   the  steam  o u t l e t   of  each  small  L.P.  t u r b i n e  

is  connected   to  a  steam  exhaus t ,   and  in  that   the  steam  o u t l e t s   o f  

the  t u r b o - c o m p r e s s o r s   are  connected  to  a  s u i t a b l e   expansion  s t a g e  

of  the  H.P.  or  I .P .   t u r b i n e   unit   and/or  to  o ther   s team-consuming 

equipment ,   the  small  L.P.  t u r b i n e s   with  the  corresponding  t u r b o -  

compressors   being  c o n s t r u c t e d   such  that   during  normal  o p e r a t i o n  



t h e i r   r o t o r s   r o t a t e   at  a  s u b s t a n t i a l l y   h igher   speed  than  t h e  

ro to r s   of  the  H.P.  and  I .P.   tu rb ine   u n i t s .  

In  the  system  accord ing   to  the  i n v e n t i o n   the  exhaust   s t e a m  

from  the  I .P.   t u rb ine   un i t   can  be  allowed  to  expand  via  t h e  

independant   small  L.P.  t u rb ines   under  optimum  c o n d i t i o n s ,   so  t h a t  

optimum  e f f i c i e n c y   is  achieved.   The  speed  of  r o t a t i o n   of  t h e s e  

small  L.P.  t u r b i n e s   can  then  ad jus t   i t s e l f   to  the  idea l   f l o w  

c o n d i t i o n s   without   c o n t r o l .   In  a d d i t i o n ,   the  system  accord ing   t o  

the  i nven t ion   enables   the  mechanical   energy  produced  by  the  s m a l l  

L.P.  t u r b i n e s   to  be  used  for  d r iv ing   the  t u r b o - c o m p r e s s o r s   i n  

order  to  compress  exhaust   steam  from  the  I .P .   t u rb ine   un i t   t o  

t empera tu re s   and  p r e s s u r e s   s u i t a b l e   for  the  steam  c o n d i t i o n s   o f  

one  of  the  expansion  s tages   of  the  H.P.  or  I .P .   t u rb ine   u n i t s ,   so  

that   the  steam  a f t e r   compression  can  be  fed  to  said  e x p a n s i o n  

stage  of  the  H.P.  or  I .P.   turb ine   u n i t .  

The  said  t u rbo -compres so r s   can  be  cheap  and  compact  i f ,  

according   to  the  i n v e n t i o n ,   they  have  at  l e a s t   two  c o m p r e s s i o n  

s t ages ,   an  i n t e r c o o l e r   being  connected  between  each  pai r   o f  

compression  s t a g e s .  

The  energy  e f f i c i e n c y   of  said  compression  can  be  boosted  t o  

100%  if  the  heat  r e l e a s e d   by  the  i n t e r c o o l i n g   is  used  for  p r e -  

hea t ing   b o i l e r   f e e d w a t e r .  

To  th is   end,  according   to  the  i n v e n t i o n   the  i n t e r c o o l e r s   a r e  

arranged  such  that   they  can  serve  to  p rehea t   the  water  for  f e e d i n g  

the  b o i l e r   of  the  steam  tu rb ine   sy s t em.  

In  an  advantageous   embodiment  of  the  steam  t u rb ine   s y s t e m  

according   to  the  i n v e n t i o n   the  small  L.P.  t u r b i n e   and  the  c o r r e -  

sponding  t u rbo -compres so r   of  each  set  have  a  common  s h a f t .  

The  steam  t u rb ine   system  according  to  the  i n v e n t i o n   w i l l   now 

be  desc r ibed   with  r e f e r e n c e   to  the  d r a w i n g .  

A  conven t iona l   t u rb ine   system  of  600  MW,  which  during  n o r m a l  

ope ra t i on   has  a  ro to r   speed  of  3000  r . p . m . ,   comprises  an  H.P.  

tu rb ine   unit   with  7  expansion  s t ages ,   an  I .P.   t u rb ine   uni t   a l s o  

with  7  expansion  s t ages ,   and  an  L.P.  t u r b i n e   uni t   with  5  e x p a n s i o n  

s t a g e s .  



In  the  a b o v e - d e s c r i b e d   c o n v e n t i o n a l   steam  t u rb ine   system  t h e  

heat  drop  in  the  L.P.  t u r b i n e   unit   is  very  l a r g e ,   so  that   s i n g l e -  

s tage  or  two- s t age   compress ion  of  the  exhaust   steam  of  the  I . P .  

t u rb ine   uni t   to  an  a c c e p t a b l e   p r e s su re   for  d e l i v e r y   to  s a i d  

expansion  s tage  of  the  I .P .   t u rb ine   uni t   is  very  d i f f i c u l t   a n d / o r  

u n a t t r a c t i v e .   In  the  system  accord ing   to  the  i n v e n t i o n   the  f i r s t  

stage  of  the  c o n v e n t i o n a l   L.P.  t u r b i n e   u n i t ,   which  has  a  f a i r l y  

high  e f f i c i e n c y ,   is  t h e r e f o r e   added  to  the  c o n v e n t i o n a l   I . P .  

t u rb ine   u n i t ,   g iving  an  I .P .   t u r b i n e   un i t   with  e ight   s t a g e s .  

The  drawing  shows  a  supply  condui t   1  for  f resh   steam  at  h i g h  

p r e s s u r e   and  t e m p e r a t u r e .   Steam  supp l ied   by  t h i s   conduit   can  p a s s  

via  a  r e h e a t e r   2  and  a  condui t   3  to  the  steam  i n l e t   4  of  an  H.P.  

tu rb ine   uni t   I.  The  t u r b i n e   un i t   I  is  a  c o n v e n t i o n a l   H.P.  t u r b i n e  

with  7  expans ion   s t a g e s .   Af te r   pass ing   through  the  e x p a n s i o n  

s tages   of  the  H.P.  t u r b i n e   un i t   I,  the  steam  leaves   steam  o u t l e t   5 

of  the  H.P.  t u r b i n e   un i t   I  and  flows  via  a  condui t   6,  r e h e a t e r   2 

and  a  condui t   7  to  a  steam  i n l e t   8  of  an  I .P .   t u rb ine   u n i t  I I .  

This  I .P.   t u r b i n e   un i t   can  be,  for  example,  a  "d iabo lo"   t u r b i n e .  

As  customary,   t h i s   d iabolo   t u rb ine   is  of  symmetr ica l   design  and 

provided  at  each  end  with  a  steam  o u t l e t   9  from  which  steam  h a v i n g  

i d e n t i c a l   steam  c o n d i t i o n s   l eaves .   The  I .P .   t u r b i n e   uni t   I I  

d i f f e r s   from  c o n v e n t i o n a l   I .P .   t u rb ine   u n i t s   by  having  e i g h t  

i n s t ead   of  s e v e n  e x p a n s i o n   s t a g e s ,   i . e .   each  ha l f   of  the  d i a b o l o  

t u rb ine   II  has  e igh t   expans ion   s t ages ,   as  s t a t e d   above .  

The  r o t o r s   of  the  two  t u r b i n e   un i t s   I  and  II  are  f ixed  to  a 

common  sha f t   13  so  tha t   the  r o t o r  s p e e d s   of  the  two  t u rb ine   u n i t s  

I  and  II  are  equal  during  normal  o p e r a t i o n .   This  speed  could  b e ,  

for  example,  3000  r .p .m.   The  shaf t   13  d r i v e s ,   for  example,  a  

g e n e r a t o r   14  for  g e n e r a t i n g   e l e c t r i c i t y .  

The  steam  which,  a f t e r   pass ing   through  both  the  s y m m e t r i c a l l y  

arranged  e igh t   expans ion   s tages   of  the  I .P .   t u r b i n e   uni t   I I ,  

reaches  the  steam  o u t l e t s   9,  flows  from  the  steam  o u t l e t s   9  v i a  

condui t s   10  and  11  to  a  condui t   12. 

In  the  a r rangement   accord ing   to  the  i n v e n t i o n   the  L .P .  

t u rb ine   uni t   I I I   is  formed  by  a  group  of  a  r e l a t i v e l y   l a r g e  



number  of  i ndependen t ,   r e l a t i v e l y   small  L.P.  t u r b i n e s ,   which  i n  

the  f i gu re   are  i n d i c a t e d   by  T1,  T2,  T3  . . . .   Tn.  Although  only  f o u r  

are  shown  in  the  drawing,  th is   number  is  in  fac t   much  l a r g e r ,   f o r  

example  96.  The  d iameter   of  the  small  L.P.  t u r b i n e s   T1,  T2,  T3  . . .  
Tn  is  c o n s i d e r a b l y   smal le r   than  the  diameter   of  the  L.P.  t u r b i n e  

uni t   of  the  c o n v e n t i o n a l   tu rb ine   system  as  desc r ibed   above.  The 

o p e r a t i n g   speed  of  the  small  L.P.  t u rb ines   T1,  T2,  T3  . . .   Tn  i s  

s e l f - a d j u s t i n g   wi thout   con t ro l   and  is  much  h igher   than  the  o p e r -  
a t ing   speed  of  the  H.P.  and  I .P.   tu rb ine   u n i t s ;   for  example  a b o u t  

10,000  r .p .m.   The  e f f i c i e n c y   o b t a i n a b l e   with  these  small  L . P .  

t u r b i n e s   is  more  than  0 . 9 .  

The  conduit   12  is  connected  via  condui t s   21,  22,  23  and  24  t o  

steam  i n l e t s   31,  32,  33  and  34  r e s p e c t i v e l y   of  the  small  L . P .  

t u r b i n e s   T1,  T2,  T3  and  Tn  r e s p e c t i v e l y .   The  L.P.  t u r b i n e s   T1,  T2, 

T3  and  Tn  have  steam  o u t l e t s   35,  36,  37  and  38  r e s p e c t i v e l y ,   w h i c h  

are  connected  via  exhaust   condui ts   39,  40,  41  and  42  r e s p e c t i v e l y  

to  a  condenser   (not  shown).  

Turbine  T1  and  a  co r responding   t u r b o - c o m p r e s s o r   C1  have  a  

common  shaf t   25;  t u r b i n e   T2  and  a  co r responding   t u r b o - c o m p r e s s o r  

C2  have  a  common  shaf t   26,  tu rb ine   T3  and  a  co r re spond ing   t u r b o -  

compressor   C3  have  a  common  shaft   27,  and  t u rb ine   Tn  and  a  c o r r e -  

sponding  t u r b o - c o m p r e s s o r   Cn  have  a  common  shaf t   28.  Steam  i n l e t s  

45,  46,  47  and  48  of  t u rbo -compres so r s   C1,  C2,  C3  and  Cn  r e s p e c t i v e -  

ly  are  connected  via  supply  condui ts   49,  50,  51  and  52  r e s p e c t i v e -  

ly  to  the  conduit   12. 

Steam  o u t l e t s   55,  56,  57  and  58  of  the  t u r b o - c o m p r e s s o r s   C1, 

C2,  C3 and  Cn  are  connected  via  steam  exhaust   condui t s   60,  61,  62 

and  63  r e s p e c t i v e l y   to  a  conduit   65.  The  condui t   65  is  c o n n e c t e d  

to  a  steam  i n l e t   70  be longing  to  the  four th   steam  expansion  s t a g e  

of  the  I .P.   t u rb ine   unit   I I .  

The  compressors   C1,  C2,  C3  and  Cn  are  provided  with  i n t e r -  

coolers   66,  67,  68  and  69  r e s p e c t i v e l y   which  are  ar ranged  be tween  

the  two  compression  s tages   of  each  compressor.   These  i n t e r c o o l e r s  

66,  67,  68  and  69  can,  if  des i r ed ,   be  used  to  p rehea t   b o i l e r  



f e e d w a t e r .  

As  has  been  exp la ined   above,  the  ou t l e t   steam  of  the  I . P .  

t u rb ine   uni t   is  d e l i v e r e d   to  the  conduit  12.  From  th is   conduit  12, 

it   flows  via  the  condu i t s   21,  22,  23  and  24  and  the  steam  i n l e t s  

31,  32,  33  and  34  into  the  t u rb ines   11,  T2,  T3  and  Tn  r e s p e c t i v e -  

ly.  The  steam  expands  in  these  t u rb ines   and  f i n a l l y   flows  via  t h e  

steam  o u t l e t s   35,  36,  37  and  38  and  the  exhaust   conduits   39,  40,  

41  and  42  r e s p e c t i v e l y   to  the  condenser  (not  shown).  

The  expansion  of  the  steam  in  the  t u r b i n e s   T1,  T2,  T3  and  Tn 

causes  r o t a t i o n   of  the  s h a f t s   25,  26,  27  and  28  r e s p e c t i v e l y ,  

which  drive  the  t u r b o - c o m p r e s s o r s   C1,  C2,  C3  and  Cn  r e s p e c t i v e l y .  

Via  the  supply  condu i t s   49,  50,  51  and  52  and  the  s team 

i n l e t s   45,  46,  47  and  48  r e s p e c t i v e l y   the  tu rbo-compressors   suck  

steam  from  the  condui t   12. 

In  each  compressor  C1,  C2,  C3  and  Cn  the  steam  is  compressed 

in  two  compression  s t a g e s ,   i n t e r c o o l i n g   being  appl ied   between  t h e  

s tages   with  the  aid  of  i n t e r c o o l e r s   66,  67,  68  and  69  r e s p e c t i v e -  

ly.  After   the  steam  has  been  compressed  in  the  compressors  Cl,  C2, 

C3  and  Cn,  the  compressed  steam  leaves  the  compressors  via  t h e  

steam  o u t l e t s   55,  56,  57  and  58  r e s p e c t i v e l y   and  flows  via  t h e  

condui ts   60,  61,  62  and  63  r e s p e c t i v e l y   to  the  conduit   65. 

By  being  compressed,   the  steam  is  brought   into  a  c o n d i t i o n  

cor responding   with  the  c o n d i t i o n   of  the  steam  en te r ing   the  f o u r t h  

steam  expansion  s tage  of  the  I .P.   tu rb ine   uni t   II .   The  compressed 

steam  is  fed  via  the  condui t   65  to  the  steam  i n l e t s   70a  and  70b 

be longing   to  said  expans ion   s t a g e .  

In  the  I .P.   t u r b i n e   un i t   II  the  compressed  steam makes  i t s  

c o n t r i b u t i o n   to  the  h i g h - e f f i c i e n c y   p roduc t ion   of  mechanica l  

e n e r g y .  
A  big  advantage  of  r e p l a c i n g   the  conven t iona l   large  L .P .  

t u rb ine   un i t   by  the  d e s c r i b e d   group  of  a  l a rge   number  of  s m a l l  

L.P.  t u r b i n e s   Tl,  T2,  T3  . . .   Tn  with  cor responding   compressors  C1, 

C2,  C3  . . .   Cn  is  that   these   machines  are  small  and  can  thus  b e  

made  r e l a t i v e l y   cheaply  and  in  large  p roduc t ion   r u n s .  

If  d e s i r e d ,   a  number  of  the  small  L.P.  t u r b i n e s   with  t h e i r  

co r respond ing   compressors   can  be  switched  out;  or  a  part   of  t h e  



o u t l e t   steam  of  the  I .P.   t u rb ine   unit   can  be  used  for  h e a t i n g  

purposes .   This  makes  a  f l e x i b l e   con t ro l   with  high  e f f i c i e n c y  

p o s s i b l e .  

It  should  be  pointed  out  t ha t ,   if  d e s i r e d ,   the  steam  can  a l s o  

be  compressed  to  such  a  degree  in  the  said  t u r b o - c o m p r e s s o r s   t h a t  

the  compressed  steam  can  be  fed  to  a  s u i t a b l e   expans ion   stage  o f  

the  H.P.  tu rb ine   uni t   I .  

It  is  not  s t r i c t l y   n e c e s s a r y   to  feed  the  steam  compressed  i n  

the  t u rbo -compres so r s   to  the  H.P.  or  I .P.   t u rb ine   u n i t s .   At  l e a s t  

a  par t   of  the  compressed  steam  can,  if  d e s i r e d ,   be  fed  to  o t h e r  

s team-consuming  equipment  where  it  might  be  employed,  for  example,  

for  h e a t i n g   or  p roces s ing   p u r p o s e s .  
Said  s e t s ,   each  compris ing  a  small  L.P.  t u r b i n e   and  a  c o r r e -  

sponding  t u rbo -compres so r ,   p r e f e r a b l y   have  s u b s t a n t i a l l y   the  same 

d imens ions .   This  has  the  advantage  that   these  se ts   can  be  made  i n  

la rge   runs  at  r e l a t i v e l y   low  c o s t s .  

In  an  advantageous  embodiment  of  the  system  accord ing   to  t h e  

i n v e n t i o n   at  l eas t   some  of  said  sets   can  be  cut  out .   This  e n a b l e s  

one  or  more,  as  a p p r o p r i a t e ,   of  the  sets   to  be  cut  off  from  t h e  

supply  of  exhaust  steam  from  the  1. P.  t u rb ine   u n i t .   The  par t   o f  

the  steam  from  the  I .P.  t u rb ine   unit   thus  a v a i l a b l e   can  then  be  

used  for  var ious   other  pu rposes ,   such  as  for  h e a t i n g   a n d / o r  

p r o c e s s i n g   p u r p o s e s .  
The  steam  suppl ied  to  a  small  L.P.  t u rb ine   and  to  the  c o r r e -  

sponding  tu rbo-compressor   of  one  or  more  of  the  said  se ts   can,  i f  

d e s i r e d ,   be  expanded,  r e s p e c t i v e l y   compressed  to  a  p r e s s u r e  
s u i t a b l e   for  var ious   pu rposes ,   such  as  for  hea t i ng   and/or   p r o -  

cess ing   p u r p o s e s .  
The  small  L.P.  t u rb ine   and  cor responding   t u r b o - c o m p r e s s o r   o f  

at  l e a s t   one  of  said  se ts   is  p r e f e r a b l y   c o n s t r u c t e d   such  t h a t  

t h e i r   r o t o r s   are  mounted  on  a  common  shaf t   s i t u a t e d   e n t i r e l y  

wi th in   a  housing  such  that   there   are  no  shaf t   pas sages   through  t h e  

wal ls   of  the  hous ing .  

The  shaf t   of  said  set  is  p r e f e r a b l y   loca ted   in  h y d r o s t a t i c   o r  

hydrodynamic  bear ings   which  can  be  l u b r i c a t e d   by  s t e a m .  



Those  s k i l l e d   in  the  ar t   w i l l   a p p r e c i a t e   that  a l though  t h e  

steam  t u rb ine   system  accord ing   to  the  i nven t ion   will   normally  b e  

dr iven   by  steam,  if  d e s i r e d ,   i t   may  a l t e r n a t i v e l y   be  dr iven  by 

NH3,  f reon,   benzene  or  any  o the r   s u i t a b l e   f lu id   in  the  ga seous  

p h a s e .  



1.  Steam  tu rb ine   system  compris ing  an  H.P.  (high  p r e s s u r e )  

tu rb ine   un i t ,   an  I .P .   ( i n t e r m e d i a t e   p r e s s u r e )   t u rb ine   u n i t ,   and  a 

L.P.  (low  p r e s s u r e )   t u rb ine   un i t ,   wherein  the  steam  i n l e t   of  t h e  

H.P.  t u rb ine   uni t   is  connected  to  a  steam  supply,   the  steam  o u t l e t  

of  the  H.P.  t u rb ine   uni t   is  connected  to  the  steam  i n l e t   of  t h e  

I .P.   t u rb ine   un i t ,   the  steam  o u t l e t   of  the  I .P.   t u r b i n e   uni t   i s  

connected  to  the  steam  i n l e t   of  the  L.P.  t u rb ine   u n i t ,   the  s t e am 

o u t l e t   of  the  L.P.  t u r b i n e   uni t   is  connected  to  a  steam  e x h a u s t ,  

and  wherein  the  r o t o r s   of  the  H.P.  t u rb ine   uni t   and  of  the  I . P .  

t u rb ine   uni t   are  coupled  with  each  other   such  tha t   during  no rma l  

ope ra t i on   they  r o t a t e   at  the  same  speed,  c h a r a c t e r i z e d   in  that   t h e  

L.P.  t u rb ine   uni t   comprises   a  group  of  a  r e l a t i v e l y   la rge   number 

of  independen t ,   r e l a t i v e l y   small  L.P.  t u r b i n e s ,   in  tha t   each  s m a l l  

L.P.  t u rb ine   forms  a  set  with  a  co r re spond ing   t u r b o - c o m p r e s s o r ,   i n  

that   in  each  set  the  ro to r   of  the  small  L.P.  t u rb ine   is  c o u p l e d  
with  the  ro tor   of  the  co r re spond ing   t u r b o - c o m p r e s s o r   such  t h a t ,  

during  normal  o p e r a t i o n ,   they  r o t a t e   at  the  same  speed,  in  t h a t  

the  steam  i n l e t   of  each  small  L.P.  t u rb ine   and  the  steam  i n l e t   o f  

each  cor responding   t u r b o - c o m p r e s s o r   is  connected  to  the  s t eam 

o u t l e t   of  the  I .P.   t u rb ine   un i t ,   in  that   the  steam  o u t l e t   of  each  

small  L.P.  t u rb ine   is  connected  to  a  steam  exhaus t ,   and  in  t h a t  

the  steam  o u t l e t s   of  the  t u r b o - c o m p r e s s o r s   are  connected  to  a 
s u i t a b l e   expansion  s tage  of  the  H.P.  or  I .P .   t u r b i n e   un i t   a n d / o r  

to  other  s team-consuming  equipment,   the  small  L.P.  t u r b i n e s   w i t h  

cor responding   t u r b o - c o m p r e s s o r s   being  c o n s t r u c t e d   such  that   d u r i n g  
normal  ope ra t i on   t h e i r   r o t o r s   r o t a t e   at  a  s u b s t a n t i a l l y   h i g h e r  

speed  than  the  r o t o r s   of  the  H.P.  and  I .P.   t u rb ine   u n i t s .  
2.  Steam  tu rb ine   system  according  to  claim  1,  c h a r a c t e r i z e d   i n  

that   the  small  L.P.  t u r b i n e s   with  the  co r r e spond ing   t u r b o - c o m -  

p re s so r s   of  each  set  are  arranged  such  that   during  normal  o p e r -  
a t ion  t h e i r   r o to r s   r o t a t e   at  speeds  which,  f r e e l y   and  w i t h o u t  

c o n t r o l ,   can  ad jus t   themselves   in  a  s t ab l e   manner .  



3.  Steam  t u r b i n e   system  according   to  any  one  of  the  claims  1  and 

2,  c h a r a c t e r i z e d   in  tha t   the  said  sets   have  s u b s t a n t i a l l y   the  same 

d i m e n s i o n s .  

4.  Steam  t u r b i n e   system  accord ing   to  any  one  of  the  claims  1 -3 ,  

c h a r a c t e r i z e d   in  tha t   said  t u r b o - c o m p r e s s o r s   have  at  l eas t   two 

compression  s t a g e s ,   an  i n t e r c o o l e r   being  arranged  between  each  

pa i r   of  compression  s t a g e s .  

5.  Steam  t u r b i n e   system  accord ing   to  claim  4,  c h a r a c t e r i z e d   i n  

tha t   the  i n t e r c o o l e r s   are  a r ranged   such  that   they  can  serve  t o  

p rehea t   the  water   for  feeding  the  b o i l e r   of  the  steam  t u r b i n e  

s y s t e m .  

6.  Steam  t u r b i n e   system  accord ing   to  any  one  of  the  claims  1 - 5 ,  

c h a r a c t e r i z e d   in  tha t   the  small  L.P.  t u r b i n e   and  the  c o r r e s p o n d i n g  

t u r b o - c o m p r e s s o r   of  each  set  have  a  common  s h a f t .  

7.  Steam  t u r b i n e   system  accord ing   to  any  one  of  the  claims  1 - 6 ,  

c h a r a c t e r i z e d   in  tha t   at  l e a s t   some  of  said  sets   can  be  cut  o u t  

such  tha t   an  a d j u s t a b l e   par t   of  the  I .P .   o u t l e t   steam  can  be  made 

a v a i l a b l e   for  v a r i o u s   purposes   (e .g .   for  hea t ing   and/or  p r o c e s s i n g  

p u r p o s e s ) .  

8.  Steam  t u r b i n e   system  accord ing   to  any  one  of  the  claims  1 -7 ,  

c h a r a c t e r i z e d   in  tha t   i t   is  designed  such  tha t   the  steam  s u p p l i e d  

to  a  small  L.P.  t u r b i n e   and  to  the  co r re spond ing   t u r b o - c o m p r e s s o r  

of  one  or  more  se ts   can  t h e r e i n   be  expanded,  r e s p e c t i v e l y   compress -  
ed  to  a  p r e s s u r e   s u i t a b l e   for  va r ious   purposes ,   such  as  f o r  

hea t ing   and/or   p r o c e s s i n g   p u r p o s e s .  
9.  Steam  t u r b i n e   system  accord ing   to  any  one  of  the  claims  1 -8 ,  

c h a r a c t e r i z e d   in  tha t   the  small  L.P.  t u r b i n e   and  the  c o r r e s p o n d i n g  

t u r b o - c o m p r e s s o r   of  at  l e a s t   one  of  said  se ts   are  cons t ruc t ed   such 

tha t   t h e i r   r o t o r s   are  mounted  on  a  common  shaf t   s i t u a t e d   e n t i r e l y  

wi th in   a  housing  such  tha t   there   are  no  shaf t   passages  through  t h e  

wal ls   of  the  h o u s i n g .  

10.  Steam  t u r b i n e   system  accord ing   to  claim  9,  c h a r a c t e r i z e d   i n  

that   the  shaf t   of  said  set  is  l oca t ed   in  h y d r o s t a t i c   or  h y d r o -  

dynamic  bea r ings   which  can  be  l u b r i c a t e d   by  s team.  
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