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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  high-speed  turbop- 
ump  assemblies  and  more  particularly,  to  an  integrated 
turbine  and  pump  design  whereby  the  conventional  de- 
sign  having  a  pump  or  compressor  section,  a  turbine 
section,  and  associated  bearing  and  seal  components 
are  eliminated  in  favor  of  a  unitary  turbopump  assembly. 

2.  Description  of  Related  Art 

Prior  art  turbomachinery  provides  inducer,  axial 
flow,  and  centrifugal  type  pumps  or  compressors  which 
are  coupled  to  an  axial  or  radial  flow  turbine  as  a  source 
of  power.  The  pumps  can  be  single  stage  or  multistage 
depending  on  the  discharge  pressure  or  head  required 
and  the  density  of  the  fluid  being  pumped.  The  turbines 
can  be  single  stage  or  multistage  and  can  be  of  an  im- 
pulse  or  reaction  type  depending  on  the  energy  level 
available  in  the  working  fluid.  The  pump  and  turbine  can 
be  separate  units  connected  together  by  a  coupling  for 
torque  transmission  or  can  be  mounted  on  a  common 
shaft.  Typically,  the  rotor  is  an  assembly  of  numerous 
parts  consisting  of  pump  inducers  and  impellers,  turbine 
discs  or  wheels,  bearing  journals  and  dynamic  seal  mat- 
ing  rings;  all  of  which  are  assembled  together  on  a  com- 
mon  shaft  through  splines  or  curvic  couplings  and 
preloaded  together  through  the  use  of  retainer  nuts  and 
bolts  to  make  up  the  rotor  assembly.  The  housing  con- 
sists  of  numerous  parts,  including  inlets,  interstage  dif- 
fusers,  volutes,  turbine  manifolds,  nozzles,  bearings, 
labyrinth  seal,  and  dynamic  seal;  all  bolted  together  with 
the  appropriate  static  seals  to  make  up  the  turbopump 
housing.  The  rotor  components  are  assembled  for  bal- 
ancing  purposes  but  then  must  be  disassembled  to  fa- 
cilitate  assembly  of  the  turbopump,  resulting  in  reloca- 
tion  unbalance  during  reassembly  of  the  rotor. 

Atypical  state  of  the  art  liquid  hydrogen  turbopump, 
of  the  type  discussed  above,  has  a  housing  that  pene- 
trates  the  rotating  assembly,  to  a  diameter  less  than  that 
of  either  the  pump  impellers  or  the  turbine  rotors,  at  least 
four  times  between  the  first  pump  impeller  and  the  last 
turbine  rotor.  The  reasons  for  these  penetrations  are  (a) 
the  diffuser  type  utilized,  (b)  the  pump  interstage  flow 
path  utilized,  and  (c)  the  low  speed  limitations  of  con- 
ventional  bearings  and  seals.  As  a  result,  at  least  six 
major  rotating  assembly  parts,  and  six  major  housing 
parts,  are  required  to  permit  the  unit  to  be  assembled 
and  disassembled.  In  addition,  the  large  depth  of  the 
penetrations  results  in  a  rotating  assembly  that  is  quite 
flexible  and,  therefore,  is  subject  to  operation  in  the 
range  of  several  flexural  critical  speeds.  This  large 
number  of  parts,  combined  with  the  critical  speed  limi- 
tations,  results  in  a  unit  that  is  costly  to  assemble  and 

maintain,  and  that  is  difficult  to  operate  over  a  wide  throt- 
tling  range.  In  addition,  the  rotational  speed  limitations 
of  the  conventional  bearings  and  seals  results  in  a  unit 
that  is  relatively  large  and  heavy. 

5  For  example,  U.  S.  Patent  4,482,303  of  November 
13,  1984  provides  a  turbo-compressor  apparatus  hav- 
ing  the  turbine  section  and  the  compressor  section 
back-to-back.  A  stationary  or  non-rotating  shaft  axially 
supported  in  the  apparatus  supports  an  anti-friction 

10  bearing  which,  in  turn,  rotationally  supports  a  rotor  as- 
sembly  which  has  a  turbine  wheel  disposed  within  the 
turbine  section  and  a  compressor  impeller  disposed 
within  the  compressor  section. 

U.  S.  Patent  4,260,339  of  April  7,  1981  defines  a 
is  turbo  compressor  apparatus  including  housing  means, 

rotor  means  housed  within  the  housing  means,  fixed 
shaft  means,  anchorage  means  fixedly  anchoring  the 
shaft  means  to  the  housing  means,  and  bearing  means 
axially  and  radially  locating  the  rotor  means  for  rotation 

20  with  respect  to  the  shaft  means. 
US  Patent  2,083,167  of  Dec.  24,  1935  is  a  turbop- 

ump  adapted  to  deliver  two  different  water-miscible  liq- 
uids  to  a  common  mixing  chamber.  It  utilizes  a  turbine 
to  propel  pumps  on  the  shaft.  The  device  in  2,083,167 

25  has  a  similar  construction  to  the  applicant's  design  in 
that  it  has  a  central  turbine  and  pumps  on  either  end  of 
a  common  shaft.  However,  the  applicant's  design  has 
only  two  housing  sections  and  one  rotor  having  at  least 
one  pump  section  and  a  turbine  section.  The  applicant's 

30  design  has  hydrostatic  bearings  built  into  the  housing 
and  input  and  output  manifolds  defined  by  internal  sur- 
faces  of  the  rotor  and  the  housing.  Further  the  appli- 
cant's  design  has  a  housing  which  does  not  break  the 
plane  of  the  impellers  for  simplicity  of  assembly. 

35 
OBJECTS  OF  THE  INVENTION 

Accordingly,  it  is  an  object  of  the  present  invention 
to  provide  a  simplified  turbopump  design  typically  hav- 

40  ing  a  single  integral  rotating  element  and  two  major 
housing  elements  plus  ducting. 

Another  object  of  the  present  invention  is  to  provide 
a  turbopump  design  having  a  very  rigid  rotating  element 
whereby  flexural  critical  speeds  are  eliminated  from  the 

45  operating  speed  range. 

SUMMARY  OF  THE  INVENTION 

All  of  these  and  other  objects  are  achieved  by  the 
so  present  invention  which  provides  a  turbopump  assem- 

bly  consisting  of  a  first  pump  section,  a  second  pump 
section,  and  a  turbine  section.  The  objectives  of  a  min- 
imum  number  of  parts,  and  a  rotating  element  that  is 
free  of  flexural  critical  speeds,  are  achieved  by  design- 

55  ing  to  minimize  the  number  of  penetrations  of  the  rotat- 
ing  element  by  the  stationary  housing.  This  is  accom- 
plished  by  (a)  placing  the  centrifugal  pump  inlets  at  the 
ends  of  the  rotating  element,  (b)  combining  the  bearing 
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and  seal  functions  into  single  components  that  are 
placed  at  the  same  diameter  as  the  centrifugal  pump 
impellers,  (c)  placing  the  pump  flow  diffusers  and  flow 
collectors  at  diameters  greater  than  those  of  the  centrif- 
ugal  impellers  (d)  placing  the  turbine  rotor  between  the 
pump  elements  at  a  diameter  that  approaches,  or  even 
exceeds,  that  of  the  centrifugal  pump  impellers,  and  (e) 
integrating  the  turbine  inlet  and  exit  manifolds  and  the 
pump  inlets  and  volutes  into  a  two  piece  housing. 

The  foregoing  and  other  objects,  features  and  ad- 
vantages  of  the  present  invention  will  become  more  ap- 
parent  in  light  of  the  following  detailed  description  of  the 
embodiments  thereof  as  illustrated  in  the  accompanying 
drawings. 

BRIEF  DESCRIPTION  OF  DRAWINGS 

For  the  purpose  of  illustrating  the  invention,  there  is 
shown  in  the  drawings  embodiments  which  are  present- 
ly  preferred,  it  being  understood,  however,  that  the  in- 
vention  is  not  limited  to  the  precise  arrangements 
shown. 

Fig.  1  is  a  cross-sectional  oblique  view  of  a  turbop- 
ump  assembly  as  is  known  in  the  prior  art, 
Fig.  2  is  an  end  view  of  a  turbopump  assembly  of 
the  present  invention, 
Fig.  3  is  a  side  elevational  view  along  line  3-3  of  Fig. 
2, 
Fig.  4  is  a  cross-sectional  view  taken  along  line  4-4 
of  Fig.  2, 
Fig.  5  is  a  cross-sectional  view  of  one  embodiment 
of  the  turbopump  assembly  taken  along  line  5-5  of 
Fig.  4, 
Fig.  6  is  an  exploded  view  of  the  turbopump  assem- 
bly  of  Fig.  4, 
Fig.  7  is  a  cross-sectional  view  of  a  turbopump  as- 
sembly  having  a  single  stage  centrifugal  pump  and 
a  radial  inflowturbine,  utilizing  the  present  invention 
teachings, 
Fig.  8  is  an  end  view  along  line  8-8  of  Fig.  7,  and 
Fig.  9  is  a  cross-sectional  view  of  a  turbopump  as- 
sembly  having  a  single  stage  centrifugal  pump  and 
an  axial  flow  turbine  utilizing  the  present  invention 
teachings. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Referring  now  to  the  drawings,  wherein  like  numer- 
als  indicate  like  elements,  there  is  shown  in  Fig.  1  a  tur- 
bopump  assembly  constructed  in  accordance  with  the 
prior  art. 

As  depicted  in  Fig.  1  ,  prior  art  turbopump  assembly 
10  is  provided  with  a  forward  three  stage  pump  section 
12  and  an  aft  two  stage  turbine  section  14.  Forward 
pump  section  12  includes  a  fluid  inlet  16,  inducer  18, 
and  three  impeller  stages  20.  Common  shaft  22  is  as- 

sociated  with  forward  pump  section  12  and  aft  turbine 
section  1  4  of  assembly  1  0.  Aft  turbine  section  1  4  is  also 
provided  with  a  turbine  fluid  inlet  24,  turbine  fluid  outlet 
26,  turbine  blades  28  and  turbine  disc  30.  The  method 

5  of  operation  of  turbopump  assembly  1  0  is  characterized 
by  a  functioning  of  the  aft  turbine  section  14  by  the  in- 
troduction  of  working  fluid  via  24  which  causes  the  func- 
tioning  of  turbine  blades  28  which  in  turn  rotate  shaft  22. 
Rotating  shaft  22  functions  impellers  20  located  on  shaft 

10  22  within  the  pump  section  12  of  assembly  10  and  in- 
duces  fluid  to  flow  via  fluid  inlet  16  into  pump  section  12. 
From  pump  section  12,  the  fluid  is  transported  out  of 
section  12  as  shown  by  the  arrow  at  high  pressure  for 
further  utilization. 

is  With  reference  to  the  drawings,  Fig.  4  depicts  a  tur- 
bopump  assembly  constructed  in  accordance  with  the 
present  invention  and  designated  generally  as  40.  Tur- 
bopump  assembly  40  includes  a  first  pump  section 
housing  42  and  a  second  pump  section  housing  70, 

20  each  of  which  may  be  made  of  aluminum,  titaniam  or 
high  strength  steel  alloys  or  a  plastic  material  suitable 
for  the  design  requirements  of  assembly  40.  In  addition 
to  housings  42  and  70,  assembly  40  is  further  provided 
with  rotating  shaft  51  as  shown  in  Figs.  4  and  6  having 

25  a  largely  cylindrical  constant  diameter  external  surface. 
Rotatable  shaft  51  is  positioned  within  housings  42 

and  70  and  in  cooperation  with  said  housings  defines  a 
first  pump  43  within  first  pump  section  housing  42  and 
a  second  pump  71  within  second  pump  section  housing 

30  70  and  a  center  turbine  50  with  manifolds  94  and  86.  In 
other  words,  if  the  shaft  and  housings  of  Fig.  6  were 
joined,  then  as  shown  in  Fig.  4,  the  composite  structure 
would  provide  a  first  or  forward  pump  43  and  an  aft  pump 
71  having  first  pump  section  fluid  inlet  44  and  second 

35  pump  section  inlet  72,  respectively  and  a  center  turbine 
50  with  an  inlet  manifold  86  and  an  exit  manifold  94. 

Referring  again  to  Fig.  4,  the  first  or  forward  pump 
generally  designated  43  includes  an  inlet  44,  an  inducer 
46,  an  impeller  48,  a  diffuser  54,  andavolute56.  Internal 

40  manifolds  94  defined  by  an  internal  surface  64  (see  Fig. 
6)  of  the  first  pump  section  housing  42  and  an  external 
surface  66  of  shaft  51  embody  the  turbine  exhaust  man- 
ifolds.  In  similar  fashion,  second  pump  generally  desig- 
nated  71  includes  inlet  72,  impeller  76,  diffuser  78,  and 

45  volute  80.  Internal  manifolds  86  defined  by  an  internal 
surface  98  of  the  second  pump  housing  70  and  external 
surface  100  of  shaft  51  embody  the  turbine  inlet  mani- 
fold  86. 

By  this  configuration,  first  or  forward  pump  43,  see- 
so  ond  or  aft  pump  71  ,  and  center  turbine  50  form  an  inte- 

grated  turbine  and  dual  pump  turbopump  configuration. 
In  order  for  working  fluid  to  be  processed  by  turbop- 

ump  assembly  40,  the  first  pump  section  housing  42  in- 
cludes  fluid  inlet  44  which  directs  fluid  past  inducer  46 

55  associated  with  forward  impeller  hub  52  of  rotating  shaft 
51  .  The  forward  impeller  hub  52  also  includes  pump  im- 
peller  48  attached  thereto.  Located  within  first  pump 
section  housing  42  is  diffuser  54.  Diffuser  54  communi- 
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cates  with  volute  collector  56  which  in  turn  is  associated 
with  fluid  passage  58  which  supplies  lubricating  fluid  to 
adjacent  hydrostatic  bearing/seal  surfaces  59. 

A  forward  volute  discharge  60  is  formed  proximate 
volute  collector  56  and  via  interpump  crossover  62  al- 
lows  for  fluid  communication  between  first  pump  43  and 
second  pump  71  defined  by  housing  42,  housing  70  and 
rotating  shaft  51  . 

Second  pump  inlet  72  in  the  aft  end  of  second  pump 
section  housing  70  as  shown  in  Fig.  4  includes  impeller 
hub  74  of  shaft  51,  second  pump  impeller  76,  second 
pump  diffuser  78  and  second  pump  volute  collector  80. 
Fluid  from  volute  discharge  60  flows  through  interpump 
crossover  62,  into  inlet  72  and  second  pump  71  . 

As  will  be  explained  in  greater  detail  hereinbelow, 
volute  collector  80  communicates  with  second  pump  vo- 
lute  discharge  82  (see  Figs.  2  and  3).  The  turbine  inlet 
84  communicates  with  inlet  manifold  86  and  stationary 
inlet  nozzle  vanes  88  attached  to  second  pump  section 
housing  70  to  supply  the  working  fluid  to  the  turbine  rotor 
blades  92.  A  chamber  90  is  defined  by  second  pump 
section  housing  70  and  rotating  shaft  51  .  Within  cham- 
ber  90  as  seen  in  Fig.  4,  nozzle  vanes  88  are  positioned 
approximate  to  shaft  rotor  blades  92  which  are  attached 
to  rotating  shaft  51.  Chamber  90  also  forms  a  conduit 
between  inlet  manifold  86  and  the  turbine  exit  manifold 
94  of  the  forward  pump  housing  92.  Exit  manifold  94 
then  communicates  with  manifold  outlet  96  (see  Fig.  3) 
which  directs  the  turbine  working  fluid  out  of  turbopump 
assembly  40  to  an  end  user  such  as  a  rocket  engine 
thrust  chamber. 

In  operation  a  fluid  such  as  liquid  hydrogen  is  sup- 
plied  from  a  fuel  system  holding  tank  (not  shown)  to  the 
first  pump  inlet  44  and  gaseous  high  energy  fluid  is  sup- 
plied  to  the  turbine  inlet  84. 

The  pump  fluid  enters  the  first  pump  section  43 
through  inlet  duct  44,  and  passes  into  inducer  46,  which 
enables  the  pump  to  operate  at  low  inlet  pressure.  Then, 
the  majority  of  the  first  pump  section  energy  input  occurs 
in  impeller  48.  The  excess  kinetic  energy  in  the  flow 
leaving  the  impeller  is  converted  to  static  pressure  in 
diffuser  54.  The  flow  is  then  collected  in  volute  collector 
56,  and  directed  into  discharge  ducts  60,  which  lead  to 
pump  section  flow  crossover  ducts  62.  The  crossover 
ducts  then  merge  and  direct  the  flow  into  inlet  72.  All  of 
the  second  pump  section  energy  input  occurs  in  impeller 
76.  From  there,  the  flow  situation  is  analogous  to  that  at 
the  exit  to  the  first  pump  section  impeller,  i.e.,  the  flow 
is  diffused  in  diffuser  78,  collected  in  volute  collector  80, 
and  directed  into  discharge  ducts  82  (which  are  shown 
in  Figures  2  and  3).  From  there,  the  fluid  is  directed  to 
a  user  system  such  as  a  rocket  propulsion  system. 

A  portion,  or  all  of  that  pump  flow  is  returned,  after 
being  heated  by  combustion  and/or  heat  transfer,  to 
drive  the  turbine.  It  enters  the  turbine  as  a  moderately 
high  temperature  gas  through  turbine  inlet  ducts  84  (see 
Figure  4),  and  passes  into  the  turbine  inlet  manifold  86. 
Turbine  nozzle  blades  88  align  that  flowfor  efficient  pas- 

sage  through  the  turbine  rotor  blades  92,  which  convert 
the  kinetic  energy  in  the  nozzle  exit  flow  to  a  torque  that 
drives  the  two  pump  sections.  After  leaving  the  rotor 
blades,  the  flow  is  collected  in  turbine  exit  manifold  94, 

5  and  delivered  to  turbine  discharge  ducts  96  (see  Figs. 
2  and  3).  From  there,  the  flow  is  delivered,  depending 
on  the  engine  cycle,  either  to  the  main  combustion 
chamber,  or  to  a  turbine  exhaust  thruster. 

The  rotating  element  is  supported,  in  the  radial  di- 
10  rection,  by  combined  hydrostatic  bearings/seals  that  are 

located  on  both  sides  of  both  impeller  exits. 
In  conventional  turbopumps,  the  rotor  center  of  ro- 

tation  is  established  by  radial  bearings  and  the  concen- 
tricity  of  the  impeller  shroud  and  interstage  seals  must 

is  be  maintained  with  respect  to  the  bearings.  By  combin- 
ing  the  function  of  the  bearings  and  seals  into  the  hy- 
drostatic  bearings  located  on  both  sides  of  the  impeller 
discharge,  concentricity  control  between  bearings  and 
seals  is  eliminated  and  normal  differential  pressure 

20  leakage  is  utilized  to  provide  the  hydrostatic  bearing 
stiffness  and  damping. 

For  the  first  pump  section  43,  the  first  of  these  com- 
bined  bearings  is  located  in  the  radial  concentric  space 
between  the  inducer/impeller  shroud  49  and  housing  42, 

25  and  the  second  of  these  combined  bearings  is  located 
on  the  other  side  of  impeller  48,  and  is  fed  by  flow  that 
passes  from  volute  collector  56  to  secondary  bearing 
supply  58.  Similar  combined  bearings  support  the  radial 
loads  in  the  second  pump  section  71.  The  axial  thrust 

30  loads  are  pressure  balanced  by  the  balance  piston  flow 
that  is  delivered  to  the  radial  face  outside  of  inducer  46 
through  the  balance  piston  flow  duct  47  that  passes  from 
second  pump  section  volute  80  to  the  aforementioned 
radial  face. 

35  With  this  arrangement  of  turbopump  components, 
it  is  apparent  that  the  housing  consists  of  only  three 
parts;  first  pump  section  housing  42,  second  pump  sec- 
tion  housing  70,  and  pump  section  crossover  duct  62. 
The  lack  of  housing  penetration  into  rotating  element  51  , 

40  to  diameters  less  than  those  at  the  tips  of  impellers  48 
and  76,  permits  this  great  simplification.  It  also  permits 
the  rotating  assembly  to  consist  of  only  one  part.  Finally, 
it  maximizes  the  diameter  of  that  rotating  assembly, 
thereby  eliminating  flexural  critical  speeds  from  the  tur- 

45  bopump  operating  range. 
Alternate  turbopump  configurations  to  which  this 

principle  is  applied  are  illustrated  in  Figs.  7,  8,  and  9. 
These  configurations  differ  from  that  of  Fig.  4  in  that  they 
only  have  one  pump  section  (or  stage)  and,  therefore, 

so  have  their  turbines  on  the  other  end  of  the  shaft  rather 
than  in  the  middle.  The  configuration  illustrated  in  Figs. 
7  and  8  has  a  radial  inflow  turbine,  and  that  of  Fig.  9  has 
an  axial  flow  turbine.  However,  both  configurations  uti- 
lize  the  combined  hydrostatic  bearings  and  seals,  and 

55  the  principle  of  no  housing  penetration  to  a  diameter  of 
less  than  that  of  the  pump  impeller,  to  obtain  the  same 
high  degree  of  simplicity,  and  the  same  resistance  to 
critical  speeds,  as  were  obtained  with  the  configuration 

4 
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in  Fig.  4. 
Similarly,  as  in  the  turbopump  assembly  depicted  in 

Fig.  4,  the  turbopump  assemblies  shown  in  Figs.  7-9 
provide  an  inside  diameter  of  the  respective  diffuser,  col- 
lector  and  nozzle  equal  to  or  greater  than  the  turbopump 
impeller  tip.  In  addition  the  assemblies  of  Figs.  7-9,  as 
with  the  embodiment  of  Fig.  4,  provide  a  minimum  di- 
ameter,  for  each  assembly  diffuser,  collector  and  turbine 
stators,  equal  to  or  greater  than  the  impeller  tip  terminus. 

In  this  manner  the  turbopump  assemblies  (Figs. 
1-9)  exhibit  a  housing  configuration  that  seletively  pre- 
cludes  penetration  by  the  aforementioned  components 
into  the  assembly  shaft  of  the  turbopump  assemblies. 

Referring  to  Figs.  7  and  8,  fluid  flow  of  the  type  dis- 
cussed  above,  enters  the  pump  through  inlet  100  and 
passes  through  inducer  102,  which  enables  the  pump 
to  operate  at  low  inlet  pressure.  Then,  the  bulk  of  the 
pump  energy  input  to  the  flow  occurs  in  impeller  104. 
Next,  the  flow  passes  into  radial  diffuser  1  06,  where  the 
excess  kinetic  energy  is  converted  to  static  pressure. 
From  there,  the  flow  passes  into  volute  collector  108, 
which  directs  it  into  the  pump  exit  ducts  110. 

To  drive  this  pump,  turbine  drive  gas  enters  the  tur- 
bine  through  turbine  inlet  ducts  112,  and  passes  into  the 
turbine  inlet  manifold  114.  It  is  directed  at  radial  inflow 
turbine  rotor  118,  at  the  appropriate  angle,  by  inlet  noz- 
zles  1  1  6  (see  Fig.  8).  As  the  flow  passes  radially  inward, 
rotor  118  converts  the  kinetic  energy  in  the  drive  gases 
into  mechanical  energy  to  drive  the  pump  on  the  other 
end  of  shaft  122.  The  spent  drive  gases  then  exit  the 
turbine  axially  through  duct  120. 

Shaft  1  22,  which  has  the  pump  impeller  on  one  end 
and  the  turbine  rotor  on  its  other  end,  is  supported  by 
combines  hydrostatic  bearings  and  seals  1  28,  1  30,  and 
1  32,  that  are  located  at  the  same  diameter  as  that  of  the 
pump  impeller  tip  and  the  turbine  rotor  tip.  Through  this 
arrangement,  the  configuration  in  Figures  7  and  8  re- 
quires  only  three  parts,  the  shaft/rotor/impeller  1  22,  and 
housing  parts  124  and  126.  It  thereby  achieves  the 
same  simplicity  and  ruggedness  that  was  exhibited  by 
the  configuration  shown  in  Fig.  4. 

Also  shown  in  Fig.  7  is  an  annular  gap  125  which 
thermally  isolates  the  higher  temperature  turbine  from 
the  lower  temperature  pump  during  operation. 

In  the  configuration  shown  in  Fig.  9,  the  pump  func- 
tion  is  identical  to  that  just  discussed.  The  flow  enters 
the  pump  through  inlet  200  and  passes  through  inducer 
202,  which  enables  the  pump  to  operate  at  low  inlet 
pressure.  Then,  the  bulk  of  the  energy  input  to  the  flow 
occurs  in  impeller  204.  Next,  the  flow  passes  into  radial 
diffuser  206,  where  the  excess  kinetic  energy  is  convert- 
ed  to  static  pressure.  From  there,  the  flow  passes  into 
volute  collector  208,  which  directs  it  into  a  pump  exit  duct 
(not  illustrated). 

To  drive  this  pump,  the  turbine  drive  gas  enters  the 
turbine  through  a  turbine  inlet  duct  (not  shown)  and 
passes  into  turbine  inlet  manifold  210,  which  aligns  it 
and  directs  it  into  axial  turbine  rotor  blades  212.  These 

turbine  rotor  blades  expand  and  convert  the  gas  energy 
into  mechanical  energy  to  drive  the  pump  through  shaft 
218.  Upon  leaving  the  rotor  blades,  the  gases  are  dif- 
fused  and  turned  axially  by  stationary  stator  vanes  214. 

5  The  spent  gases  then  leave  the  turbine  through  exit  duct 
216. 

Shaft  218,  which  has  the  pump  impeller  on  one  end 
and  the  turbine  rotor  on  its  other  end,  is  supported  by 
combined  hydrostatic  bearings  and  seals  224,  226,  and 

10  228,  that  are  located  at  the  same  diameter  as  that  of  the 
pump  impeller  tip.  Through  this  arrangemwent,  the  con- 
figuration  of  Fig.  9  consists  of  three  parts,  the  shaft/rotor/ 
impeller  218,  and  housing  sections  220  and  222. 

By  combining  the  bearing  and  seal  functions  into  a 
is  single  unit  and  placing  them  at  the  same  diameter  as 

that  of  the  pump  impeller  tip(s),  by  placing  the  pump  inlet 
(s)  at  the  end  of  the  shaft,  and  by  making  the  diameters 
of  the  pump  diffuser/collector  and  the  turbine  manifold 
nozzle  equal  to  or  greater  than  that  of  the  pump  impeller 

20  tip(s),  the  following  features  result: 

(a)  The  housing  that  contains  the  diffusers,  collec- 
tors,  manifolds,  and  nozzles  can  be  made  of  only 
two  parts  that,  when  unbolted,  can  be  slipped  off 

25  the  two  ends  of  the  rotating  assembly. 
(b)  The  rotating  assembly  that  contains  the  shaft, 
the  pump  impeller(s),  and  the  turbine  rotor  can  be 
made  of  only  one  part. 
(c)  The  above  features  translate  into  an  overall  tur- 

30  bopump  assembly  that  consists  of  only  four  parts  if 
there  are  two  pump  sections  (as  in  Figure  4),  and 
only  three  parts  if  there  is  one  pump  section  (as  in 
Figures  7  and  9). 
(d)  The  minimum  diameters  of  the  rotating  assem- 

35  bly  are  maximized,  thereby  minimizing  the  possibil- 
ity  of  operating  at  flexural  critical  speeds  which,  in 
turn,  greatly  enhances  operational  stability,  range, 
and  reliability. 

rbopump  assembly  comprising: 

a  housing  having  a  first  portion  (42)  and  a  sec- 
ond  portion  (70)  with  a  parting  plane  therebe- 
tween  to  facilitate  ease  of  assembly  of  the 
housing, 
a  one  piece  rotor  (51  )  having  at  least  one  pump 
section  (43,  71)  having  impellers  (48,  76),  and 
a  turbine  section  (50)  having  turbine  blades 
(92), 
the  housing  portions  (42,  70)  having  a  larger 
diameter  than  the  impellers  (48,  76)  on  the 
pump  section  (64,  96)  of  the  rotor  (51  ),  and  the 
housing  portions  (42,  70)  having  a  larger  diam- 
eter  than  the  turbine  sections,  for  ease  of  in- 
serting  the  rotor  (51)  in  the  housing  (40,  72), 

25  the 
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the  pump  section  (43,  71)  includes  an  internal 
manifold  (94,  86)  defined  by  an  internal  surface 
of  the  pump  section  (64,  96)  and  an  external 
surface  of  the  rotor  (66,  100),  the  housing  (40, 
72)  having  a  hydrostatic  bearing  and  seal  por-  s 
tion  (59),  the  hydrostatic  bearing  portion  being 
proximate  the  rotor  (51)  to  radially  support  the 
rotor  (51)  and  prevent  contact  between  the  ro- 
tor  and  the  housing  (42,  70)  while  the  rotor  (51  ) 
is  rotating  and  the  seal  portion  (59)  proximate  10 
the  rotor  (51  )  limiting  loss  of  a  hydrostatic  fluid. 

2.  A  turbopump  assembly  as  in  claim  1  wherein, 
the  one  piece  rotor  (51)  has  two  pump  sec- 

tions  (43,71)  with  the  turbine  section  (50)  therebe-  15 
tween. 

3.  A  turbopump  assembly  as  in  claim  1  wherein, 
there  is  an  inducer  (46)  on  the  rotor  (51  )  for  a 

first  fluid  pumping  step  before  the  fluid  is  engaged  20 
by  the  impeller  (48). 

4.  A  turbopump  assembly  as  in  claim  1  wherein, 
a  volute  collector  (56,80)  is  located  in  the 

housing  (42,70)  for  collecting  the  fluid  for  discharge.  25 

5.  A  turbopump  assembly  as  in  claim  1  wherein, 
a  diffuser  (54,78)  is  located  in  the  housing 

(42.70)  for  converting  fluid  velocity  to  static  pres- 
sure.  30 

6.  A  turbopump  assembly  as  in  claim  1  wherein, 
a  thermal  insulation  gap  (125)  is  placed  in  the 

housing  near  the  turbine  section  (118)  to  thermally 
insulate  the  pump  section  (124)  from  the  turbine  35 
section  (126). 

7.  A  turbopump  assembly  as  in  claim  2  wherein, 
the  housing  has  a  front  end  and  a  back  end 

and  the  pump  inlets  (44,72)  are  at  the  ends  of  the  40 
housing  (42,70). 

8.  A  turbopump  assembly  as  in  claim  2  wherein, 
a  balance  piston  flow  duct  (47)  in  the  housing 

provides  (42,70)  axial  stability  for  the  rotor  (51  ).  45 

9.  A  turbopump  assembly  as  in  claim  1  wherein, 
the  turbine  section  (50)  of  the  rotor  (51  )  has  a 

different  diameter  than  at  least  one  pump  section 
(43.71  )  and  the  inside  diameter  of  the  housing  por-  so 
tions  (42,70)  correspond  to  the  diameter  of  the  rotor 
(51  )  so  that  the  rotor  (51  )  slides  into  the  first  portion 
(42)  and  the  second  portion  (70)  of  the  housing  un- 
obstructed  before  the  housing  portions  are  at- 
tached.  55 

10.  A  turbopump  assembly  as  in  claim  1  ,  wherein  the 
hydrostatic  bearing  and  seal  portion  (59)  acts  as  the 

dynamic  seal  to  control  the  leakage  rate  between 
the  pump  section  (43,71)  and  the  turbine  section 
(50)  . 

11.  A  turbopump  assembly  as  in  claim  1,  wherein  the 
pump  section  (43,71),  and  the  turbine  section  (50) 
are  contained  in  the  housing  with  only  internal  leak- 
age  between  the  pump  section  (43,71  )  and  the  tur- 
bine  section  (50),  whereby  there  is  no  external  leak- 
age  of  pumped  fluids. 

12.  A  turbopump  assembly  as  in  claim  2,  wherein  hous- 
ing  (42,  70)  and  impellers  (48,  76)  have  a  uniform 
diameter  in  the  pump  sections  (43,  17)  of  the  rotor 
(51)  . 

Patentanspriiche 

1.  Turbopumpenanordnung  mit: 

einem  Gehause,  das  einen  ersten  Abschnitt 
(42)  und  einen  zweiten  Abschnitt  (70)  mit  einer 
Trennflache  dazwischen  aufweist,  urn  einen 
einfachen  Zusammenbau  des  Gehauses  zu  er- 
leichtern, 
einem  einstuckigen  Rotor  (51),  der  zumindest 
einen  Pumpenabschnitt  (43,  71  )  mit  Laufradern 
(48,  76)  und  einen  Turbinenabschnitt  (50)  mit 
Turbinenschaufeln  (92)  aufweist, 
welche  Gehauseabschnitte  (42,  70)  fur  ein  ein- 
faches  Einsetzen  des  Rotors  (51)  in  das  Ge- 
hause  (40,  72)  einen  groBeren  Durchmesser 
als  die  Laufrader  (48,  76)  an  dem  Pumpenab- 
schnitt  (64,  96)  des  Rotors  (51)  und  einen  gro- 
Beren  Durchmesser  als  die  Turbinenabschnitte 
haben, 
welcher  Pumpenabschnitt  (43,  71)  eine  durch 
eine  Innenflache  des  Pumpenabschnitts  (64, 
96)  und  eine  AuBenflache  des  Rotors  (66,  1  00) 
definierte  interne  Leitung  (94,  86)  enthalt,  wel- 
ches  Gehause  (40,  72)  einen  hydrostatischen 
Lager-  und  Dichtungsabschnitt  (59)  aufweist, 
wobei  der  hydrostatische  Lagerabschnitt  nahe 
dem  Rotor  (51)  liegt,  urn  den  Rotor  (51)  radial 
zu  tragen  und  einen  Kontakt  zwischen  dem  Ro- 
tor  und  dem  Gehause  (42,  70)  zu  verhindern, 
wahrend  sich  der  Rotor  (51)  dreht,  und  der 
Dichtungsabschnitt  (59)  nahe  dem  Rotor  (51) 
einen  Verlust  an  hydrostatischem  Fluid  be- 
grenzt. 

2.  Turbopumpenanordnung  nach  Anspruch  1  ,  bei  der 
der  einstuckige  Rotor  (51)  zwei  Pumpenab- 

schnitte  (43,  71  )  mit  dem  Turbinenabschnitt  (50)  da- 
zwischen  aufweist. 

3.  Turbopumpenanordnung  nach  Anspruch  1  ,  bei  der 
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ein  Vorlaufrad  (46)  auf  dem  Rotor  (51)  fur  ei- 
nen  ersten  Fluidpumpschritt  vorhanden  ist,  bevor 
das  Laufrad  (48)  mit  dem  Fluid  beaufschlagt  wird. 

4.  Turbopumpenanordnung  nach  Anspruch  1  ,  bei  der 
sich  ein  Ausstromraumkollektor  (56,  80)  in 

dem  Gehause  (42,  70)  zum  Sammeln  des  Fluids 
zum  Ausstromen  befindet. 

5.  Turbopumpenanordnung  nach  Anspruch  1  ,  bei  der 
sich  ein  Diffusor  (54,  78)  in  dem  Gehause  (42, 

70)  zum  Umwandeln  von  Fluidgeschwindigkeit  in 
statischen  Druck  befindet. 

6.  Turbopumpenanordnung  nach  Anspruch  1  ,  bei  der 
eine  Lucke  (125)  zur  thermischen  Isolierung 

in  dem  Gehause  nahe  dem  Turbinenabschnitt  (118) 
angeordnet  ist,  urn  den  Pumpenabschnitt  (1  24)  von 
dem  Turbinenabschnitt  (126)  thermisch  zu  isolie- 
ren. 

7.  Turbopumpenanordnung  nach  Anspruch  2,  bei  der 
das  Gehause  ein  vorderes  Ende  und  ein  hin- 

teres  Ende  aufweist  und  die  Pumpeneinlasse  (44, 
72)  an  den  Enden  des  Gehauses  (42,  70)  liegen. 

8.  Turbopumpenanordnung  nach  Anspruch  2,  bei  der 
eine  Ausgleichskolben-Stromleitung  (47)  in 

dem  Gehause  (42,  70)  fur  eine  axiale  Stabilitat  des 
Rotors  (51)  sorgt. 

9.  Turbopumpenanordnung  nach  Anspruch  1  ,  bei  der 
der  Turbinenabschnitt  (50)  des  Rotors  (51  )  ei- 

nen  verschiedenen  Durchmesser  als  zumindest  ein 
Pumpenabschnitt  (43,  71)  hat  und  die  Innendurch- 
messer  der  Gehauseabschnitte  (42,  70)  dem 
Durchmesser  des  Rotors  (51  )  so  entsprechen,  dal3 
der  Rotor  (51)  ungehindert  in  den  ersten  Abschnitt 
(42)  und  den  zweiten  Abschnitt  (70)  des  Gehauses 
gleitet,  bevor  die  Gehauseabschnitte  angebracht 
werden. 

10.  Turbopumpenanordnung  nach  Anspruch  1,  bei  der 
der  hydrostatische  Lager-  und  Dichtungsab- 

schnitt  (59)  als  die  dynamische  Dichtung  wirkt,  urn 
die  Leckrate  zwischen  dem  Pumpenabschnitt  (43, 
71)  und  dem  Turbinenabschnitt  (50)  zu  steuern. 

11.  Turbopumpenanordnung  nach  Anspruch  1,  bei  der 
der  Pumpenabschnitt  (43,  71)  und  der  Turbi- 

nenabschnitt  (50)  in  dem  Gehause  mit  allein  einem 
internen  Leckverlust  zwischen  dem  Pumpenab- 
schnitt  (43,  71  )  und  dem  Turbinenabschnitt  (50)  ent- 
halten  sind,  wodurch  es  keinen  externen  Leckver- 
lust  gepumpter  Fluide  gibt. 

12.  Turbopumpenanordnung  nach  Anspruch  2,  bei  der 
das  Gehause  (42,  70)  und  die  Laufrader  (48, 

76)  einen  gleichmaBigen  Durchmesser  in  den  Pum- 
penabschnitten  (43,  71)  des  Rotors  (51)  haben. 

s  Revendications 

1.  Ensemble  turbopompe  comprenant  : 

un  carter  comportant  une  premiere  partie  (42) 
10  et  une  seconde  partie  (70),  un  plan  de  separa- 

tion  etant  prevu  entre  celles-ci  pourfaciliter  I'as- 
semblage  du  carter, 
un  rotor  monobloc  (51  )  ayant  au  moins  une  par- 
tie  pompe  (43,  71)  comportant  des  roues  mo- 

15  biles  (48,  76),  et  une  partie  turbine  (50)  com- 
portant  des  aubes  de  turbine  (92), 
les  parties  (42,  70)  du  carter  ayant  un  plus 
grand  diametre  que  les  roues  mobiles  (48,  76) 
de  la  partie  pompe  (64,  96)  du  rotor  (51),  et  un 

20  plus  grand  diametre  que  les  parties  turbine, 
pourfaciliter  I'insertion  du  rotor  (51  )  dans  le  car- 
ter  (40,  72), 
la  partie  pompe  (43,  71  )  comprenant  un  collec- 
teur  interne  (94,  86)  defini  par  une  face  interne 

25  de  la  partie  pompe  (64,  96)  et  par  une  face  ex- 
terne  du  rotor  (66,  100),  le  carter  (40,  72)  ayant 
une  partie  palier  hydrostatique  et  joint  d'etan- 
cheite  (59),  la  partie  palier  hydrostatique  etant 
a  proximite  du  rotor  (51)  afin  de  supporter  ra- 

30  dialement  le  rotor  (51)  et  d'empecher  un  con- 
tact  entre  le  rotor  et  le  carter  (42,  70)  lorsque  le 
rotor  (51)  est  en  rotation,  et  la  partie  joint  d'etan- 
cheite  (59)  situee  a  proximite  du  rotor  (51  )  limi- 
tant  les  pertes  d'un  fluide  hydrostatique. 

35 
2.  Ensemble  turbopompe  selon  la  revendication  1, 

dans  lequel  le  rotor  monobloc  (51)  comporte  deux 
parties  pompes  (43,  71)  entre  lesquelles  la  partie 
turbine  (50)  est  interposee. 

40 
3.  Ensemble  turbopompe  selon  la  revendication  1, 

dans  lequel  il  est  prevu  un  aubage  d'entree  (46)  sur 
le  rotor  (51  )  pour  permettre  une  premiere  phase  de 
pompage  de  fluide  avant  que  le  fluide  ne  vienne  en 

45  contact  avec  la  roue  mobile  (48). 

4.  Ensemble  turbopompe  selon  la  revendication  1, 
dans  lequel  un  collecteur  en  volute  (56,  80)  est  situe 
dans  le  carter  (42,  70)  pour  collecter  le  fluide  a  re- 

so  fouler. 

5.  Ensemble  turbopompe  selon  la  revendication  1, 
dans  lequel  un  diffuseur  (54,  78)  est  situe  dans  le 
carter  (42,  70)  pour  convertir  la  vitesse  du  fluide  en 

55  pression  statique. 

6.  Ensemble  turbopompe  selon  la  revendication  1, 
dans  lequel  un  espace  d'isolation  thermique  (125) 
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est  prevu  dans  le  carter,  a  proximite  de  la  partie  tur- 
bine  (1  1  8),  pour  isoler  therm  iquement  la  partie  pom- 
pe  (124)  de  la  partie  turbine  (126). 

7.  Ensemble  turbopompe  selon  la  revendication  2,  s 
dans  lequel  le  carter  a  une  extremite  avant  et  une 
extremite  arriere,  les  admissions  (44,  72)  des  pom- 
pes  etant  situees  au  niveau  des  extremites  du  car- 
ter  (42,  70). 

10 
8.  Ensemble  turbopompe  selon  la  revendication  2, 

dans  lequel  un  conduit  d'ecoulement  formant  piston 
d'equilibrage  (47)  prevu  dans  le  carter  (42,70)  as- 
sure  une  stabilite  axiale  au  rotor  (51). 

15 
9.  Ensemble  turbopompe  selon  la  revendication  1, 

dans  lequel  la  partie  turbine  (50)  du  rotor  (51  )  a  un 
diametre  different  de  celui  d'au  moins  une  partie 
pompe  (43,  71),  le  diametre  interieur  des  parties 
(42,  70)  du  carter  correspondant  au  diametre  du  ro-  20 
tor  (51  )  afin  que  le  rotor  (51  )  s'insere  librement  dans 
la  premiere  partie  (42)  et  dans  la  seconde  partie 
(70)  du  carter  avant  qu'elles  ne  soient  fixees. 

10.  Ensemble  turbopompe  selon  la  revendication  1,  25 
dans  lequel  la  partie  palier  hydrostatique  et  joint 
d'etancheite  (59)  sert  de  joint  d'etancheite  dynami- 
que  pour  controler  le  debit  de  fuite  entre  la  partie 
pompe  (43,  71)  et  la  partie  turbine  (50). 

30 
11.  Ensemble  turbopompe  selon  la  revendication  1, 

dans  lequel  la  partie  pompe  (43,  71  )  et  la  partie  tur- 
bine  (50)  sont  logees  dans  le  carter  moyennant  seu- 
lement  une  fuite  interne  entre  la  partie  pompe  (43, 
71)  et  la  partie  turbine  (50),  pour  qu'ainsi  il  n'y  ait  35 
pas  de  fuite  externe  de  fluides  pompes. 

12.  Ensemble  turbopompe  selon  la  revendication  2, 
dans  lequel  le  carter  (42,  70)  et  les  roues  mobiles 
(48,  76)  ont  un  diametre  uniforme  dans  les  parties  40 
pompes  (43,  71)  du  rotor  (51). 
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