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Description 

This  invention  relates  to  a  volumetric  flow 
measuring  device  according  to  the  first  part  of 
claim  1.  Such  measuring  device  is  known  from 
US—  A—  3,735,637. 

Single  turbine,  multi  vane  volumetric  flowme- 
ters  in  which  the  rotational  velocity  of  the  turbine 
is  proportional  to  the  speed  and  volume  of  the 
fluid  stream  are  well  known.  In  such  devices  fluid 
flow  straighteners  are  customarily  positioned  at 
the  entrance  of  the  flowmeter  housing  in  order  to 
eliminate  non-axial  flow  components  that  cause 
fluid  velocity  measuring  errors.  However,  it  is  not 
always  possible  to  eliminate  such  non-axial  flow 
components  completely  so  that  single  turbine 
flowmeters  are  subject  to  speed  errors  due  to 
fluid  "swirl".  Turbine  restraining  torques  due  to 
bearing  friction  and  fluid  drag  torques  are  another 
source  of  turbine  speed  errors  in  single  turbine 
flowmeters.  These  sources  of  turbine  speed 
reduction  result  in  volumetric  flow  errors  since 
mesaurement  of  volumetric  flow  is  directly  pro- 
portional  to  measured  turbine  speed. 

Applicant  has  found  that  errors  due  to  non-axial 
or  "swirl"  components  in  the  flow  stream  may  be 
virtually  eliminated  by  providing  a  second  "sen- 
sor"  turbine  which  rotates  in  a  direction  opposite 
to  that  of  the  main  or  upstream  turbine.  A  non- 
axial  velocity  vector  component  which  affects  the 
main  turbine  speed  produces  the  opposite  effect 
on  the  sensor  turbine  speed.  As  a  result,  the  net 
change  of  the  sum  of  the  turbine  and  sensor 
speed  signals  is  zero  (0)  and  errors  due  to  "swirl" 
effect  are  virtually  eliminated. 

Flowmeters  having  two  rotors  with  helical 
vanes  are  known  from  e.g.  US  —  A  —  3710622, 
US—  A—  3301052  and  US—  A—  3934473. 

Applicant  has  also  discovered  that  by  operating 
the  downstream  sensor  turbine  at  a  lower  speed 
than  the  main  turbine,  i.e.,  the  turbines  have 
different  vane  angles  so  that  for  any  flow  rate  the 
main  and  sensor  turbine  speeds  are  maintained  at 
a  predetermined  ratio,  the  main  turbine  "slip" 
error  is  eliminated  and  replaced  by  a  sensor 
turbine  "slip"  error  which  is  significantly  smaller, 
i.e.,  by  a  factor  proportional  to  the  ratio  of  the 
main  and  sensor  turbine  speeds. 

Turbine  "slip"  is  a  speed  error  term  due  to 
turbine  restraining  torques  and  causes  the  turbine 
rotational  speed  to  be  less  than  the  theoretical 
speed  which  is  exactly  proportional  to  volumetric 
flow  rate.  This  relationship  of  the  theoretical 
turbine  angular  velocity  to  the  volumetric  flow 
rate  can  be  described  by  the  following  equation: 

A=area  of  flow  stream  through  the  turbine 
In  actual  practice,  however,  some  torque  is 

required  to  drive  the  turbine  to  overcome 
restraining  torques  on  the  turbine.  The  generated 
driving  torque  is  proportional  to  the  product  of 
mass  flow  rate  and  resulting  change  in  fluid 
velocity  AV  and  is  necessary  to  overcome  the 
turbine  restraining  torque  Tr.  Turbine  restraining 
torque  is  typically  due  to  bearing  friction  and 
certain  fluid  drag  torques  which  are  proportional 
to  the  square  of  the  volumetric  flow  rate  and  in 
some  cases  a  function  of  Reynolds  number.  The 
turbine  restraining  torque  is  essentially  described 
by  the  equation: 

10 

15 
Tr=pQr2Aco (2) 

where: 
xr=restraining  torque 
p=fluid  density 
Au=change  in  turbine  speed  from  ideal  and  Q 

and  r  are  as  previously  described. 
Rearranging  and  dividing  by  Q  results  in: 

20 

Aco 

Q 

25 xr 
(3) 

p?Q2 

Expression  u/Q  for  the  actual,  as  opposed  to  the 
ideal,  flowmeter  thus  is  written  in  terms  of  a 
theoretical  term  for  a  perfect  flowmeter  less  the 
"slip"  term  due  to  the  restraining  torques. 

30 
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Because  the  flowmeter  includes  a  second, 
lower  speed  counter-rotating  turbine,  the  main 
turbine  "slip"  which  produces  a  change  in  fluid 
angular  velocity  has  an  opposite  effect  on  the 
second  turbine  so  that  the  equation  for  the 
operation  of  the  sensor  turbine  is: 

40 

45 
tanas 

Ar 
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(5) 

r2pQ2  r2pQ2 

where: 
cos=sensor  turbine  rotational  speed 
as=sensor  turbine  blade  angle 
Trs=restraining  torque  on  sensor  turbine 
Trt=restraining  torque  on  main  turbine 
It  will  be  immediately  apparent  that  in  summing 

the  main  turbine  and  sensing  turbine  registration 
terms  co/Q,  the  equation  becomes: 

50 
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(1) 
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Q 

tana,+tanas 

Ar 
60 

where: 
co=turbine  angular  velocity 
Q=volumetric  flow  rate 
r=mean  vane  radius 
a=angle  of  vane  to  direction  of  fluid  flow  at  r 

?Q2 

Where  the  subscripts  t  and  s  refer  respectively 
to  the  main  and  sensor  turbines. 

It  has  been  found  that  by  providing  a  counter- 65 
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effects  of  non-axial  or  "swirl"  components  ofthe 
flow  are  c a n c e l l e d . .   ' 

A  still  further  objective  of  the  invention  is  to 
provide  a  high  accuracy  turbine  mass  flowmeter 

5  which  combines  a  density  viscosity  sensor  with  a 
counter-rotating  sensor  multi-turbine  volumetric 
flow  meter  arrangement. 

Still  other  objectives  and  advantages  of  the 
invention  will  become  apparent  as  the  description 

10  thereof  proceeds. 
According  to  the  invention,  as  claimed,  a  flow 

measuring  device  is  provided  having  the  features 
of  claim  1.  The  device  includes  a  pair  of  turbines 
with  the  downstream  counter  rotating  sensing 

15  turbine  operating  at  a  lower  speed  than  the  main 
turbine.  Any  errors  due  to  non-axial  or  "swirl" 
flow  components  on  the  main  turbine  are 
cancelled  by  the  opposite  effect  "swirl"  has  on 
the  counter-rotating  sensor  turbine.  Errors  due  to 

20  main  turbine  "slip"  are  reduced  by  a  factor 
equivalent  to  the  speed  ratio  between  the  main 
and  sensor  turbines. 

The  vanes  on  the  main  turbine  and  sensor 
turbines  and  positioned  at  different  angles  with 

25  respect  to  the  turbine  and  flow  axes. 
Consequently,  the  impinging  flow  causes  the 
turbines  to  rotate  at  different  but  fixedly  related 
rotational  speeds  for  all  flow  rates. 

The  invention  itself,  however,  together  with 
30  further  objectives  and  advantages  thereof,  may 

best  be  understood  by  reference  to  the  following 
description  taken  in  connection  with  the 
accompanying  drawings  in  which: 

Figure  1"  is  a  schematic  view  of  a  volumetric 
35  flowmeter  and  densitometer  combination  along 

with  signal  condition  and  processing  networks 
producing  volumetric  and  mass  flow  information. 

Figure  2  is  a  partially  broken  away  view  of  the 
dual  turbine  flowmeter. 

40  Figure  1  schematically  illustrates  the  flow 
measuring  system  and  shows  the  novel  counter- 
rotating  dual  turbine  flowmeter  structure,  the 
associated  densitometer,  and  the  signal 
processing  networks  to  produce  accurate 

45  volumetric  and  mass  flow  information. 
The  flow  measuring  assembly  includes  a 

volumetric  flowmeter  1  and  a  densitometer  2 
coupled  directly  to  the  output  of  the  flowmeter. 
Flowmeter  1  consists  of  a  housing  3,  of  a  non- 

50  magnetic  material  such  as  stainless  steel,  having 
an  inlet  through  which  a  fluid  or  liquid  stream  is 
introduced.  Positioned  adjacent  to  the  inlet  is  a 
cone-shaped  hub  4  which  supports  a  plurality  of 
flow  straightening  vanes  5.  Vanes  5  are  radially 

55  disposed  around  hub  4  and  convert  rotational  or 
non-axial  flow  components  into  axial  flow.  That 
is,  the  vanes  straighten  the  incoming  flow  to 
produce  axial  flow  through  the  housing. 
However,  as  pointed  out  previously,  while  they 

60  are  effective  to  remove  most  of  the  angular  of 
"swirl"  component,  a  certain  amount  of  fluid 
"swirl"  may  still  be  present  and  its  effect  on  the 
flowmeter  turbines  must  be  compensated  for. 

A  shaft  6  is  supported  at  one  end  by  hub  4  and 
65  at  the  other  end  by  a  hub  element  7  located  at  the 

rotating,  lower  speed  sensor  turbine,  velocity 
errors  due  to  the  "slip"  of  the  main  turbine  are 
eliminated  in  the  combined  speed  equation  and 
only  the  reduced  sensor  "slip"  remains. 

Since  the  "slip"  term  is  roughly  a  function  of 
turbine  speed  and  the  sensor  turbine  speed  is 
approximately  one-fifth  (1/5th)  that  of  the  main 
turbine,  the  sensor  turbine  "slip"  is  also  1/5th  of 
the  main  turbine  "slip".  This  results  in  a  signifi- 
cantly  reduced  error  and,  therefore,  higher 
accuracy  and  greater  linearity. 

By  using  counter-rotating  turbines  an 
additional  advantage  of  the  invention  can  be 
realized  by  using  the  ratio  ofthe  rotational  speeds 
to  sense  the  relative  condition  of  the  bearings 
supporting  these  turbines.  That  is,  the  speed 
ratio. 

should  be  constant,  absent  any  additional 
restraining  torques,  on  one  of  the  other  turbine 
due  to  bearing  problems.  Thus,  if  the  main 
turbine  bearing  is  degrading  introducing 
additional  torques,  the  main  turbine  speed  Vs  is 
reduced,  thus  changing  the  speed  ratio  in  one 
direction  indicating  that  the  main  turbine  bearing 
is  degrading.  Similarly,  if  the  bearing  of  the 
sensing  turbine  deteriorates,  the  speed  of  the 
sensing  turbine  is  reduced  thus  changing  the 
speed  ratio  in  the  other  direction  thereby 
indicating  that  the  sensing  turbine  bearings  are 
deteriorating.  Thus  by  sensing  the  speed  ratios, 
any  changes  in  the  ratio  and  the  direction  of  the 
change  provides  an  indication  ofthe  condition  of 
the  bearings. 

An  output  signal  proportional  to  mass  flow  rate 
may  be  readily  produced  by  expanding  the  flow 
measuring  system  and  coupling  a  densitometer 
to  the  dual  turbine  volumetric  flowmeter.  The 
output  signals  from  the  flowmeter  are  processed 
in  a  suitable  network  to  produce  a  signal  p  in 
which  M=QM. 

In  summary,  a  flow  measuring  device  is 
desirable  which  incorporates  a  volumetric 
flowmeter  that  includes  two,  counter-rotating, 
differential  speed  turbines  axially  displaced  along 
the  fluid  flow  path. 

It  is,  therefore,  a  principal  objective  of  the 
instant  invention  to  provide  a  volumetric 
flowmeter  which  intrinsically  compensates  for 
errors  due  to  a  non-axial  flow  component. 

Another  objective  of  the  invention  is  to  provide 
a  flow  measuring  system  which  is  not  subject  to 
errors  resulting  from  non-axial  flow  components 
and  in  which  errors  due  to  "slip"  are  minimized. 

Yet  another  objective  of  the  invention  is  to 
provide  a  volumetric  flowmeter  which  is  highly 
accurate  and  has  a  linear  relation  over  a  larger 
dynamic  flow  range  than  a  standard  single 
element  turbine. 

Still  another  objective  of  the  invention  is  to 
provide  a  volumetric  flowmeter  in  which  the 
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magnetic  turbine-vanes  and  magnetic  pick-offs  to 
sense  turbine  speed,  the  invention  is  not  limited 
thereto  as  non-magnetic  vanes  and  other  means 
for  sensing  their  angular  velocity  may  be  used. 

The  output  signals  from  pick-offs  13  and  14  are 
also  applied  to  a  Speed  Ratio  Network  18  that 
provides  an  indication  of  the  relative  turbine 
bearing  condition.  Variation  in  the  speed  ratio 
indicates  bearing  deterioration  with  the  direction 
of  variation  indicating  which  bearing  is  deteriorat- 
ing. 

Densitometer2  is  positioned  at  the  outlet  of  the 
volumetric  flowmeter  and  consists  essentially  of 
two  fluid  couplers  23  and  24  separated  by  a 
hollow  torsional  spring  25.  Spring  25  is  supported 
at  a  nodal  point  by  a  spring-support  element  26. 
The  couplers  consist  essentially  of  a  cylindrical 
hub  with  a  plurality  (preferably  four  (4))  of  radial 
vanes  27.  The  fluid,  the  density  of  which  is  to  be 
measured,  is  contained  between  vanes  27.  A 
driver  piezo  crystal  28  is  associated  with  coupler 
23  and  a  pick-up  piezo  crystal  29  is  associated 
with  coupler  24.  The  two  couplers  vibrate  in 
torsion,  (180°  out-of-phase  —  opposite  rotation  at 
any  instant).  The  driver  and  pick-up  crystals 
respectively  drive  the  system  into  oscillation  and 
produces  an  electrical  signal  at  the  oscillating 
frequency.  The  natural  frequency  of  the  couplers 
varies  inversely  with  the  coupler  moment  of 
inertia  and  the  moment  of  intertia  varies  directly 
with  fluid  density  so  that  the  natural  frequency 
decreases  with  increasing  density  and  increases 
with  decreasing  density. 

Driver  current  and  pick-off  signal  leads  30  and 
31  are  coupled  between  densitometer  condition- 
ing  and  drive  network  32  and  the  crystals.  The 
pick-off  signals  are  fed  to  an  amplifier  in  a  closed 
loop  system  in  network  32  to  drive  the  system  to 
oscillate  at  a  frequency  which  is  representative  of 
the  inertia  of  the  couplers  and  hence  of  the 
density  of  the  fluid.  The  output  signal  from 
densitometer  conditioning  and  drive  network  32 
is  in  turn  fed  as  one  input  to  a  Mass  Flow 
Conditioning  network  33,  the  other  input  of  which 
is  from  volumetric  Flow  Conditioning  network  15. 
These  two  signals  are  combined  and  processed  in 
network  33  to  produce  an  output  signal  pro- 
portional  to  mass  flow. 

The  piezo  electric  transducers  associated  with 
the  densitometer  couplers  and  the  densitometer 
spring  are  preferably  annular  piezo  electric  crys- 
tals  which  are  circumferentially  polarized.  These 
piezo  electric  transducers  have  a  very  high 
impedance  and  are  positioned  with  their  shear 
interfaces  normal  to  the  common  axis  of  the 
springs  and  the  couplers  so  as  to  assume  the  full 
torsional  shear  load  between  the  spring  and  the 
fluid  couplers  without  contributing  to  the  spring 
effect.  Because  the  stiffness  of  the  transducer,  i.e. 
its  natural  resonant  frequency  is  high  compared 
to  that  of  the  torsional  spring,  the  piezo  electric 
transducers  act  only  as  a  stiff  intervening  layer 
without  contributing  materially  to  the  torsional 
spring  effect. 

For  further  details  of  piezo  electric  transducers 

outlet  end  of  the  flowmeter  housing.  Hub  7  is 
supported  in  the  housing  by  means  of  three  (3) 
equally  spaced  struts  8. 

Located  adjacent  to  the  straightener  assembly 
is  main  turbine  9  which  is  journaied  on  shaft  6  by  5 
suitable  bearings,  not  shown.  Main  turbine  9 
consists  of  a  light-weight  annulus  and  a  plurality 
of  helical  magnetic  vanes  1  0  disposed  around  the 
periphery  of  the  turbine.  Vanes  10  are  of  a  helical 
configuration  and  preferably  have  alead  of  1.2  10 
(helical  angle  approximately  60°  at  r).  The  axial 
fluid  flow  impinges  on  the  vanes  causing  the 
turbine  to  rotate  at  a  speed  proportional  to  the 
fluid  velocity  which  in  turn  is  proportional  to  the 
volumetric  flow  rate  Q  of  the  fluid.  is 

Positioned  immediately  downstream  of  the 
main  turbine  is  a  sensor  turbine  11  which  is 
constructed  to  cancel  turbine  speed  errors  due  to 
non-axial  flow.  Sensor  turbine  11  is  similarly 
journaied  on  shaft  6  by  suitable  bearings.  As  20 
pointed  out  previously,  sensor  turbine  11  is 
designed  to  rotate  in  a  direction  opposite  to  that 
of  the  main  turbine  so  that  a  pair  of  counter- 
rotating  turbines  are  provided  to  cancel  out 
effects  of  any  non-axial  or  "swirl"  flow  com-  25 
ponent;  i.e.,  any  "swirl"  which  has  not  been 
removed  by  the  flow  straightening  vanes  5.  Sen- 
sor  turbine  11  also  includes  plurality  of  helical 
magnetic  vanes  12  which  are,  however,  of  an 
opposite  helical  twist,  i.e.,  right  handed  vs.  left  30 
handed,  so  that  the  fluid  causes  the  sensor  tur- 
bine  1  1  to  rotate  in  an  opposite  direction  from  that 
of  the  main  turbine. 

The  angle  of  the  helical  vanes  on  sensor  turbine 
11  is  less  than  that  of  the  main  turbine  so  that  the  35 
sensor  turbine,  at  any  given  fluid  flow  rate, 
operates  at  a  speed  which  is  less  than  the  speed 
of  the  main  turbine  but  with  the  speed  ratios 
being  constant  for  different  flow  rates.  This, 
reduces  any  speed  errors  due  to  "slip"  by  a  factor  40 
equal  to  the  ratio  of  the  two  turbine  speeds. 

In  one  exemplary  form,  the  speed  ratios  are  5:1 
thus  resulting  in  a  reduction  in  the  "slip"  error 
term  by  a  factor  of  80%.  For  a  five  (5)  to  one  (1) 
speed  ratio  the  lead  of  the  sensor  turbine  is  a  45 
helical  angle  of  approximately  20°. 

Positioned  along  the  flow  path  of  the  respective 
turbines  are  main  turbine  speed  pick-off  13  and 
sensor  turbine  speed  pick-off  14  which  prdouce 
signals  proportional  to  the  rotational  speed  of  the  so 
turbines.  These  signals  are  combined  to  turbine 
speed  summing  network  15  to  produce  an  output 
signal  which  is  an  accurate  representation  of  the 
turbine  speed,  and,  hence,  of  the  volumetric  flow 
rate  Q.  55 

Each  of  the  speed  pick-offs  consist  of  a  mag- 
netic  core  16  supporting  a  winding  17.  The  pick- 
offs  are  energized  by  a  45  khz  signal.  The  passage 
of  each  turbine  blade  through  the  field  of  the  coil 
changes  the  impedance  of  the  pick-off  coil.  This  so 
results  in  amplitude  modulation  of  the  carrier  at 
the  vane  passing  frequency.  This  frequency  is 
directly  proportional  to  the  rotational  speed  of 
each  of  the  turbines. 

While  the  invention  is  described  in  terms  of  .  65 
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the  turbine  annuli,  the  supporting  hubs,  etc.  are 
fabricated  of  non-magnetic  materials  such,  as 
stainless  steel,  so  that  they  do  not  interfere  with 
the  interaction  between  the  magnetic  turbine 

5  vanes  and  the  speed  pick-off  devices. 
It  will  be  seen  from  the  above  description  that  a 

volumetric  flowmeter  has  been  provided  which 
cancels  turbine  and  flow  velocity  errors  due  to 
any  non-axial  or  "swirl"  components  in  the  fluid 

10  stream.  Furthermore,  by  operating  the  second  or 
counter-rotating  turbine  at  a  lower  speed  than  the 
main  turbine,  any  rotational  or  flow  error  due  to 
"slip"  is  reduced  by  a  factor  proportional  to  the 
speed  ratios  of  the  two  turbines. 

15 
Claims 

1.  A  volumetric  flow  measuring  device  having  a 
housing  (3)  for  providing  a  flow  path  for  fluid,  two 

20  axially  displaced  turbines  (9,  1  1  )  mounted  in  said 
housing  at  least  one  of  the  turbines  having  helical 
vanes,  sensors  (13,  14)  associated  with  said  turbi- 
nes  for  producing  electrical  signals  proportional 
to  the  rotational  speed  of  said  turbines  charac- 

25  terized  in  that  said  turbines  (9,  11)  rotate  at 
different  but  fixedly  related  speeds  proportional 
to  the  velocity  of  said  fluid,  said  turbines  rotating 
in  opposite  directions  whereby  any  non-axial  flow 
components  of  said  stream  has  opposite  effects 

30  on  the  speed  of  rotation  of  said  counter-rotating 
turbines,  each  of  said  turbines  having  a  plurality 
of  helical  vanes  (10,  12)  with  the  helical  twist4  of 
the  vanes  on  the  two  turbines  being  of  an  oppo- 
site  sense  to  cause  them  to  rotate  in  opposite 

35  directions  under  the  impact  of  said  fluid,  the 
helical  angle  with  respect  to  flow  axis  of  vanes  of 
one  turbine  differing  from  the  helical  angle  of  the 
vanes  of  the  other  turbine  whereby  the  rotational 
speed  of  one  turbine  is  different  from  the  rota- 

40  tional  speed  of  the  other  turbine  for  any  given 
flow  rate  and  a  circuit  (15)  to  combine  the  electri- 
cal  signals  to  compensate  for  effects  due  to  non- 
axial  flow  cocmponents  and  produce  an  electrical 
signal  substantially  proportional  to  the  volumetric 

45  flow  rate. 
2.  The  volumetric  flow  measuring  device 

according  to  Claim  1  wherein  each  of  said  turbi- 
nes  (9,  11)  has  a  plurality  of  magnetic  vanes, 
magnetic  pick-off  means  located  along  the  path  of 

so  each  of  said  turbines  whereby  passage  of  vanes 
past  said  pick-off  means  produce  signals  pro- 
portional  to  the  speed  of  the  turbines. 

3.  The  volumetric  flow  measuring  device  as  in 
Claim  1  further  including  a  flow  straightening 

55  member  (27)  in  the  flow  path  to  convert  the  fluid 
stream  flow  to  substantially  axial  flow. 

4.  The  volumetric  measuring  device  as  in  Claim 
1  wherein  the  electrical  circuit  (15)  combines  the 
output  signals  from  sensors  (13,  14)  to  cancel  the 

60  effect  to  angular  momentum  on  the  signal 
representing  the  speed  of  the  main  turbine  (9). 

5.  The  volumetric  flow  measuring  device 
according  to  Claim  1  wherein  the  second  of  said 
two  axial  displaces  turbines  (11)  is  mounted 

65  .  downstream  and  rotates  at  a  lower  speed  than  the 

of  this  sort  as  utilized  in  a  vibrating  densitometer, 
reference  is  hereby  made  to  U.S.  Patent 
#4,275,585,  issued  June  30,  1981,  in  the  name  of 

-  Colby  Buzzell,  assigned  to  General  Electric,  the 
assignee  of  the  present  invention,  and  said  patent 
is  hereby  specifically  incorporated  by  reference. 

Figure  2  illustrates  a  partially  broken-away  sec- 
tion  showing  structural  details  of  the  volumetric 
flowmeter  with  the  counter-rotating  turbines.  The 
volumetric  flow  measuring  device  includes  a  non- 
magnetic  stainless  steel  housing  41  having  an 
inlet  42  and  an  outlet  43.  The  housing  includes  a 
main  portion  as  well  as  a  receptacle  44  in  which 
the  turbine  pick-offs  are  mounted.  An  electrical 
connector  45  to  which  the  leads  from  pick-off 
windings  are  connected  is  secured  at  the  top  of 
receptacle  44. 

Positioned  along  the  housing  axis  is  a  shaft  46, 
one  end  of  which  is  supported  by  a  flow  straight- 
ener  supporting  hub  47  which  also  supports  a 
plurality  of  flow  straighteners  48.  Flow  straight- 
eners  48  are  radial  vanes  mounted  circum- 
ferentially  around  the  hub  and  force  the  incoming 
fluid  to  flow  axially  through  the  housing.  Con- 
nected  to  hub  47  is  a  reduced  diameter  turbine- 
supporting  shaft  portion  49  on  which  the  two 
counter-rotating  turbines  are  mounted.  The 
downstream  end  of  shaft  portion  49  is  threaded 
and  extends  through  hub  50.  Hub  50  is  supported 
on  the  housing  by  a  plurality  of  struts  51  .  Struts  51 
are  rigidly  supported  against  shoulder  52  on  the 
interior  of  housing  41  by  means  of  a  retaining  C- 
ring  53.  The  threaded  end  of  shaft  46  extends  into 
recessed  portion  54  in  hub  50  and  is  fixedly 
retained  there  by  means  of  the  nut  and  washer  55. 

Turbines  56  and  57  mounted  on  shaft  portion  46 
are  separated  by  a  cylindrical  spacer  58.  Main 
turbine  56  consists  of  a  thin  annulus  59  supported 
on  miniature  ball  bearings  60,  only  one  of  which 
is  shown,  and  supports  a  plurality  of  helical 
magnetic  vanes  61.  Sensor  turbine  57  is  posi- 
tioned  downstream  of  the  main  turbine  and 
similarly  consists  of  a  thin  annulus  62  supported 
by  miniature  ball  bearings  63,  only  one  of  which  is 
shown  in  Figure  2.  The  helical  magnetic  vanes  of 
sensor  turbine  57  have  an  opposite  helical  twist 
from  those  of  the  main  turbines  so  that  the 
direction  of  rotation  of  sensor  turbine  57  is  oppo- 
site  to  that  of  the  main  turbine,  i.e.,  the  two 
turbines  are  counter-rotating.  Furthermore,  the 
angles  of  the  magnetic  vanes  of  the  two  turbines 
are  different  so  that  the  sensor  turbine  rotates  at  a 
lower  speed  than  the  main  turbine  for  any  given 
flow  stream  velocity.  The  ratio  of  these  speeds  is 
determined  by  the  angle  of  the  magnetic  turbine 
vanes  since  the  driving  torque  for  the  turbines  is 
proportional  to  the  tangent  of  the  vane  angle. 

Each  of  the  pick-offs  mounted  in  receptacle  44 
consists  of  a  magnetic  core  66  surrounded  by  a 
winding  67.  The  winding  leads  are  brought  out 
through  a  plastic  encapsulant  (such  as,  733  Siles- 
tic)  to  an  electrical  connector  45  mounted  at  the 
top  of  receptacle  44. 

As  pointed  out  previously,  all  of  the  elements  in 
the  flow  measuring  device  such  as  the  housing. 
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main  turbine  (9)  for  any  given  flow  rate  whereby 
any  rotational  speed  and  flow  rate  error  due  to 
slip  are  reduced  by  a  factor  proportional  to  the 
ratio  of  the  speeds  of  said  turbines. 

Patentanspriiche 

1.  DurchflulSmengenmeKvorrichtung  miteinem 
Gehause  (3),  das  eine  DurchfluSbahn  fur  ein  Fluid 
aufweist,  zwei  axial  versetzten  Turbinen  (9,  11), 
die  in  dem  Gehause  befestigt  sind,  wobei  wenig- 
stens  eine  der  Turbinen  spiralformige  Flugel  auf- 
weist,  ferner  mit  Sensoren  (13,  14),  die  mit  den 
Turbinen  verbunden  sind,  um  elektrische  Signale 
zu  erzeugen,  die  der  Drehgeschwindigkeit  der 
Turbinen  entsprechen,  dadurch  gekennzeichnet, 
daU  die  Turbinen  (9,  11)  mit  unterschiedlichen 
Geschwindigkeiten,  die  jedoch  in  fester  Bezie- 
hung  stehen,  umlaufen,  die  der  Geschwindigkeit 
des  Fluids  proportional  sind,  daft  die  Turbinen  in 
entgesetzten  Richtungen  drehen,  wobei  alle  nicht- 
axialen  Stromungskomponenten  des  Stroms  ent- 
gegengesetzte  Wirkungen  auf  die  Drehgeschwin- 
digkeit  der  gegen-drehenden  Turbinen  haben, 
daB  jede  Turbine  mehrere  spiralformige  Flugel 
(10,  12)  aufweist,  wobei  die  spiralformige  Verwin- 
dung  der  Flugel  an  den  beiden  Turbinen  in  einem 
entgesetzten  Sinn  verlauft,  damit  diese  unter  dem 
Aufprall  des  Fluids  in  entgegengesetzten  Richtun- 
gen  drehen,  daB  der  spiralige  Winkel  beziiglich 
der  Stromungsachse  der  Flugel  der  einen  Turbine 
sich  von  dem  spiraligen  Winkel  der  Flugel  der 
anderen  Turbine  unterscheidet,  wodurch  die 
Drehgeschwindigkeit  der  einen  Turbine  bei  jeder 
gegebenen  FlieSgeschwindigkeit  anders  ist  als 
die  Drehgeschwindigkeit  der  anderen  Turbine, 
und  daS  eine  Schaltung  (15)  angeordnet  ist,  die 
die  elektrischen  Signale  kombiniert,  um  die  Aus- 
wirkungen  der  nicht-axialen  Stromungskompo- 
nenten  zur  kompensieren  und  ein  elektrisches 
Signal  zu  erzeugen,  das  im  wesentlichen  der 
volumetrischen  DurchflulSleistung  proportional 
ist. 

2.  DurchflulSmengenmeSvorrichtung  nach 
Anspruch  1,  dadurch  gekennzeichnet,  daft  jede 
Turbine  (9,  11)  mehrere  magnetische  Flugel  hat 
und  daB  entlang  der  Bahn  jeder  Turbine  eine 
magnetische  Abgriffeinrichtung  angeordnet  ist, 
wobei  der  Durchgang  der  Flugel  entlang  der 
Abgriffeinrichtung  Signale  erzeugt,  die  der 
Geschwindigkeit  der  Turbinen  proportional  sind. 

3.  DurchfluBmengenmeftvorrichtung  nach 
Anspruch  1,  ferner  gekennzeichnet  durch  ein 
Stromungsausrichtungshauteil  (27)  in  der  Stro- 
mungsbahn,  um  die  Fluidstrdmung  im  wesent- 
lichen  in  eine  axiale  Strdmung  umzuwandeln. 

4.  DurchfluBmengenmeftvorrichtung  nach 
Anspruch  1,  dadurch  gekennzeichnet,  daB  die 
elektrische  Schaltung  (15)  die  Ausgangssignale 
der  Sensoren  (13,  14)  kombiniert,  um  die  Auswir- 
kung  des  Drehimpulses  auf  das  die  Geschwindig- 
keit  der  Hauptturbine  (9)  angebande  Signal  auszu- 
schalten. 

5.  DurchfluBmengenmeBvorrichtung  nach 
Anspruch  1,  dadurch  gekennzeichnet,  daft  die 

zweite  der  beiden  axial  versetzten  Turbinen  (11) 
stromabwarts  angeordnet  ist  und  mit  einer 
geringeren  Geschwindigkeit  als  die  Hauptturbine 
(9)  bei  jeder  gegebenen  Stromungsgeschwindig- 
keit  dreht,  wodurch  jeder  Drehgeschwindigkeits- 
und  Durchfluftmengenfehler  infolge  Slip  um 
einen  Faktor  reduziert  ist,  der  zu  dem  Geschwin- 
digkeitsverhaltnis  der  Turbinen  proportional  ist. 

Revendications 10 

1.  Dispositif  de  mesure  de  debit  volumetrique 
comportant  un  logement  (3)  pourfournir  un  trajet 
d'ecoulement  pour  fluide,  deux  turbines  (9,  11) 

15  decalees  axialement  I'une  par  rapport  a  I'autre, 
montees  dans  le  logement,  au  moins  I'une  des 
turbines  ayant  des  aubes  helico'fdales,  des  cap- 
teurs  (13,  14)  associes  aux  turbines  pour  produire 
des  signaux  electriques  proportionnels  a  la 

20  vitesse  de  rotation  des  turbines,  caracterise  en  ce 
que  les  turbines  (9,  11)  tournent  a  des  vitesses 
differehtes  mais  liees  de  maniere  fixe,  proportion- 
nelles  a  la  vitesse  du  fluide,  les  turbines  tournant 
dans  des  directions  opposees,  d'ou  il  resulte  que 

25  toure  composante  non  axiale  de  Tecoulement  a 
des  effets  opposes  sur  la  vitesse  de  rotation  des 
turbines  contrarotatives,  chacune  des  turbines 
comportant  une  multitude  d'aubes  helicofdales 
(10,  12)  avec  le  sens  helicoidal  des  aubes  des 

30  deux  turbines  de  direction  opposee  de  maniere  a 
provoquer  leur  rotation  dans  des  sens  opposes 
sous  I'effet  de  I'impact  du  fluide.  Tangle  helicoidal 
par  rapport  a  I'axe  d'ecoulement  des  aubes  d'une 
turbine  etant  different  de  Tangle  helico'fdal  des 

35  aubes  de  I'autre  turbine,  d'ou  il  resulte  que  la 
vitesse  de  rotation  d'une  turbine  est  differente  de 
la  vitesse  de  rotation  de  I'autre  turbine  pour  un 
debit  donne,  et  un  circuit  (15)  pour  combiner  les 
signaux  electriques  afin  de  compenser  les  effets 

40  dus  aux  composantes  non  axiales  de  I'ecoule- 
ment  et  produire  un  signal  electrique  pratique- 
ment  proportionnel  au  debit  volumetrique. 

2.  Dispositif  de  mesure  de  debit  volumetrique 
selon  la  revendication  1,  dans  lequel  chacune  des 

45  turbines  (9,  11)  comporte  une  multitude  d'aubes 
magnetiques,  des  moyens  de  capteur  magneti- 
que  situes  le  long  du  trajet  de  chacune  des 
turbines,  d'ou  il  resulte  que  le  passage  des  aubes 
au  droit  des  moyens  de  capteur  produit  des 

so  signaux  proportionnels  a  la  vitesse  des  turbines. 
3.  Dispositif  de  mesure  de  debit  volumetrique 

selon  la  revendication  1,  comprenant  en  outre  un 
element  (27)  de  redressement  de  I'ecoulement 
dans  le  trajet  de  I'ecoulement  de  maniere  a 

55  transformer  I'ecoulement  du  fluide  en  ecoule- 
ment  pratiquement  axial. 

4.  Dispositif  de  mesure  de  debit  volumetrique 
selon  la  revendication  1,  dans  lequel  le  circuit 
electrique  (15)  combine  les  signaux  sortant  des 

so  capteurs  (13,  14)  pour  annuler  Teffet  du  moment 
angulaire  sur  le  signal  representant  la  vitesse  de 
la  turbine  principale  (9). 

5.  Dispositif  de  mesure  de  debit  volumetrique 
selon  la  revendication  1,  dans  lequel  la  seconde 

65  des  deux  turbines  (11)  decalees  axialement  est 
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montee  en  aval  et  tourne  a  une  vitesse  inferieure  Vitesse  de  rotation  et  le  debit  provoquee  par  le 
Hel  e  de  la  I  turbine  principale  (9)  pour  tout  debit  glissement  est  reduite  su.vant  un  facteur  propor- 
donnl  d'ou  i  6sulte  que  toute  erreur  sur  la  tionnel  au  rapport  des  vitesses  des  turbmes. 
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