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(54)  Gas  mixing  devices  for  resuscitation/lung  ventilation  appara tus  

(57)  A  resuscitation/ventilation  apparatus  incorpo- 
rates  an  entrainment  mixer  with  a  nozzle  1  ,  discharging 
entraining  gas  into  an  entrainment  chamber  2,  the  nozzle 
1  being  connected  with  a  high  pressure  source  1  2  of  the 
entraining  gas.  One  entrainment  port  3a  to  the  entrain- 
ment  chamber  is  connected  to  atmosphere  and  another 
entrainment  port  3b  is  connected  to  an  oxygen  source. 

A  continuously  variable  restriction  15  is  disposed  in  the 
oxygen  supply  conduit  upstream  of  the  other  entrain- 
ment  port  3b  and  is  variable  independently  of  any  control 
of  the  entraining  gas  supply,  to  enable  delivery  of  a  cal- 
ibrated  flow  of  a  gas  mixture  of  steplessly  variable  cali- 
bratable  oxygen  concentration. 
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Description 

THIS  INVENTION  concerns  resuscitation/lung  ven- 
tilation  apparatus  of  the  type  adapted  to  deliver  pulses 
of  breathable  gas  to  the  respiratory  passages  of  a  patient  s 
to  accomplish  forced  ventilation  of  the  lungs  in  cases  of 
respiratory  failure  or  impairment.  The  invention  is  more 
especially  concerned  with  gas  mixing  devices  that  may 
be  incorporated  in  such  apparatus  to  enable  the  output 
of  a  gas  mixture  by  apparatus  powered  by  a  pressurised  10 
breathable  gas  such  as  compressed  air  or  oxygen. 

Although  of  general  applicability  to  resuscita- 
tion/ventilation  apparatus,  the  invention  is  especially  ap- 
plicable  to  portable  apparatus  such  as  may  be  used  by 
emergency  services  for  resuscitation  and  short-term  15 
ventilation  purposes.  Such  portable  apparatus  is  almost 
invariably  designed  to  deliver  pulses  of  pure  oxygen  from 
a  compressed  oxygen  source  because  not  only  is  pure 
oxygen  ventilation  beneficial  for  short  term  application 
such  as  in  resuscitation,  but  the  use  of  compressed  ox-  20 
ygen  to  power  the  apparatus  enables  the  latter  to  employ 
very  simple  and  robust  control  and  valve  devices,  resist- 
ant  to  abuse  and  easily  operated  correctly  by  personnel 
with  a  minimum  of  training.  Indeed,  these  features  of 
such  apparatus  have  led  to  its  increasing  use  for  longer  25 
term  ventilation,  as  when  patients  with  impaired  respira- 
tory  function  are  subject  to  extended  transportation. 
However,  because  long-term  ventilation  with  pure  oxy- 
gen  is  not  always  beneficial  to  a  patient  and,  moreover, 
leads  to  a  relatively  high  rate  of  oxygen  usage  by  the  30 
apparatus,  it  is  now  common  for  such  apparatus  to  be 
provided  with  a  gas  mixing  device  in  the  form  of  an  en- 
trainment  mixer  that  enables  the  apparatus  to  deliver  ei- 
ther  pure  oxygen  or  oxygen  diluted  with  entrained  air. 

Entrainment  mixers  are  devices  of  commendably  35 
simple  construction  appropriate  for  incorporation  in  ap- 
paratus  of  this  character.  However,  their  simplicity  also 
imposes  constraints  upon  their  controllability  and  per- 
formance  under  varying  operational  circumstances. 
GB-A-21  74609  discusses  these  problems  and  discloses  40 
an  arrangement  that  addresses  these  problems  in  a  pre- 
ferred  type  of  resuscitation/ventilation  apparatus.  In 
summary,  entrainment  mixers  that  can  provide  a  high 
mixing  ratio  deliver  a  gas  mixture  with  flow  rates  and  mix- 
ing  ratios  that  are  highly  dependent  upon  the  back  pres-  45 
sure  to  which  their  output  is  exposed,  whereas  those  that 
can  only  provide  a  low  mixing  ratio,  typically  in  the  range 
1:1  to  2:1  ,  are  able  to  do  so  with  relative  stability  of  flow 
rate  and  mixing  ratio  over  a  wide  back  pressure  range. 
However,  as  established  in  the  art,  resuscitation/ventila-  so 
tion  apparatus  having  an  entrainment  mixer  adapted  to 
deliver  a  stable  low  ratio  gas  mixture  has  been  arranged 
to  deliver  selectively  a  mixture  at  a  single,  fixed,  ratio  as 
an  alternative  to  delivering  100%  oxygen.  Thus,  typically, 
a  resuscitation/ventilation  apparatus  with  an  entrainment  55 
mixer  has  been  arranged  to  deliver  a  gas  mixture  at  one 
oxygen  concentration  only,  selected  from  60%,  50%  and 
45%,  as  a  single  alternative  to  the  delivery  of  100%  ox- 

ygen  by  the  apparatus. 
An  object  of  the  invention  is  to  make  provision  for  an 

entrainment  mixer-equipped  resuscitation/ventilation 
apparatus  to  deliver  a  gas  mixture  of  steplessly  variable 
oxygen  concentration  within  a  specific  range  of  values, 
without  compromising  the  simplicity  of  such  apparatus 
and  its  operation.  As  will  be  explained,  a  resuscita- 
tor/ventilator  equipped  with  an  entrainment  mixer  in  ac- 
cordance  with  the  invention  may  be  adapted  to  deliver  a 
gas  mixture  having  an  oxygen  concentration  of  any  se- 
lected  value  within  a  range  extending  from  below  45% 
to  1  00%,  or  with  any  selected  value  within  the  range  21  % 
to  70%  or  more,  depending  on  the  gas  used  to  power  the 
apparatus. 

The  invention  is  especially  appropriate  to  neonatal 
and  infant  ventilators  because  these  are  often  designed 
as  pressure  generators  and  hence  can  operate  with  a 
constant  gas  flow,  enabling  the  entrainment  mixer  to 
maintain  a  precisely  selected  output  gas  composition 
that  is  for  practical  purposes  independent  of  back  pres- 
sure  whilst  employing  the  simplest  physical  arrangement 
of  the  invention.  This  is  of  particular  advantage  for  this 
class  of  patient,  for  which  the  maintenance  of  a  constant 
breathing  gas  composition  can  be  of  critical  importance. 

In  existing  resuscitator/ventilators  having  entrain- 
ment  mixers  as  above  discussed,  1  00%  oxygen  delivery 
is  achieved  either  by  bypassing  the  entrainment  mixer 
or  by  supplying  oxygen  to  the  entrainment  chamber  of 
the  mixer  in  place  of  the  normal  dilution  air  supply. 

In  accordance  with  the  invention,  resuscitation/  ven- 
tilation  apparatus  having  an  entrainment  mixer  is  char- 
acterised  by  provision  for  an  adjustable  flow  of  oxygen 
to  be  supplied  to  the  entrained  gas  inlet  port  such  that  it 
raises  the  oxygen  concentration  of  the  entrained  gas 
without  affecting  the  rate  of  entrainment  flow  (i.e.  the  rate 
of  air  entrainment  automatically  decreases  to  compen- 
sate  for  the  rate  of  oxygen  addition). 

If  the  primary  entraining  gas  stream  is  oxygen  as  in 
the  normal  prior  art  arrangement,  the  delivery  of  a  vari- 
able  amount  of  oxygen  to  the  entrainment  gas  taken  by 
the  mixer  will  enable  the  apparatus  to  output  gas  having 
an  oxygen  content  ranging  steplessly  up  to  100%  from 
that  (determined  by  the  mixer  geometry)  corresponding 
to  zero  oxygen  addition  to  the  entrainment  gas. 

However,  in  accordance  with  a  further  feature  of  the 
invention,  the  primary  entraining  gas  stream  may  be  air 
so  that  the  delivery  of  oxygen  to  the  entrainment  gas  can 
serve  to  adjust  the  output  gas  oxygen  concentration  from 
21%  (standard  atmosphere  composition)  up  to  about 
70%  or  more,  as  determined  by  the  entrainment  mixer 
geometry. 

In  the  case  of  apparatus  operating  at  a  constant  out- 
put  gas  flow  rate,  the  flow  rate  of  oxygen  supplied  to  the 
entrainment  gas  directly  controls  the  output  gas  oxygen 
concentration  and  a  simple  needle  valve  control  for  the 
oxygen  supply  to  the  entrainment  port  of  the  mixer  can 
be  directly  calibrated  in  terms  of  output  gas  composition. 
Where,  however,  the  apparatus  is  intended  to  have  an 
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adjustable  output  flow  rate,  control  of  the  oxygen  supply 
to  the  entrainment  port  must  be  appropriately  related  to 
the  primary  gas  stream  flow  control.  In  preferred  embod- 
iments  of  the  invention,  provision  is  made  for  simple  and 
independent  but  coordinated  control  of  both  output  flow 
rate  and  output  gas  mixture  composition. 

The  invention  will  be  further  explained  by  reference 
to  the  accompanying  drawings  in  which 

FIGURE  1  is  a  schematic  illustration  of  the  principal 
features  of  an  entrainment  mixer; 

FIGURE  2a  is  a  schematic  illustration  of  one  prior 
art  arrangement  of  an  entrainment  mixer  in  a  resus- 
citation/ventilation  apparatus; 

FIGURE  2b  illustrates  modification  of  the  arrange- 
ment  of  Figure  2a  in  accordance  with  the  invention; 

FIGURE  3  schematically  illustrates  another  prior  art 
arrangement; 

FIGURE  4a  illustrates  the  principles  of  a  third  prior 
art  arrangement  and  FIGURE  4b  illustrates  the  mod- 
ification  thereof  in  accordance  with  the  invention; 
and 

FIGURE  5  illustrates  a  preferred  embodiment  of  the 
invention. 

Referring  to  the  drawings,  Figure  1  shows  the  prin- 
cipal  components  of  an  entrainment  gas  mixer  that  com- 
prises  a  nozzle  1  through  which  a  primary  or  entraining 
gas  stream  is  accelerated  to  flow  across  an  entrainment 
chamber  2  having  one  or  more  lateral  entrainment  gas 
ports  3,  to  a  pressure-recovery  section  in  the  form  of  a 
diffuser  4  of  expanding  cross-section.  The  geometry  of 
the  device  and  in  particular  the  ratio  between  the  areas 
of  the  nozzle  1  and  the  entry  5  to  the  diffuser  4  deter- 
mines  the  ratio  of  entraining  gas  to  entrained  gas  in  the 
mixture  delivered  by  the  device.  Because  this  geometry 
cannot  be  easily  varied  in  a  stepless  manner,  all  such 
devices  have  in  practice  used  a  fixed  geometry  designed 
to  produce  a  suitable,  fixed,  mixture  ratio.  As  applied  to 
resuscitation/ventilation  apparatus,  the  primary  or  en- 
training  gas  supplied  to  the  nozzle  1  is  usually  oxygen, 
delivered  in  suitably  timed  pulses  from  a  pressurized  ox- 
ygen  source.  The  generation  of  such  pulses  is  usually 
and  most  conveniently  accomplished  by  the  use  of  a 
pneumatic  oscillator,  for  instance  as  disclosed  in 
EP-A-0342883.  The  entrainment  ports  3  are  typically 
open  to  ambient  atmosphere,  directly  or  via  a  non-return 
valve,  to  enable  the  entrainment  of  air  by  the  entraining 
oxygen  stream.  The  diffuser  4  may  be  connected  to  a 
patient  valve  and  thence  to  an  oronasal  mask  or  to  an 
intratracheal  tube.  For  certain  applications,  the  diffuser 
4  may  be  constructed  in  accordance  with  the  disclosure 
of  GB-A-21  74760  to  maintain  effective  pressure  recov- 

ery  as  the  gas  flow  rate  changes  during  the  inflation/in- 
halation  phase  of  a  ventilation  cycle. 

Typically,  entrainment  mixer  geometries  have  been 
used  such  as  to  provide  a  gas  mixture  of  45%,  50%  or 

5  60%  oxygen  by  volume. 
Usually  provision  is  made  for  delivery  of  100%  oxy- 

gen  as  an  alternative  to  the  fixed  ratio  gas  mixture.  This 
may  be  accomplished  by  bypassing  the  entrainment  mix- 
er  altogether  or  by  arranging  for  the  oxygen  supply  to  be 

10  delivered  also  to  the  entrainment  ports  so  as  to  replace 
air  as  the  entrained  gas. 

Figures  2a,  3  and  4a  illustrate  typical  prior  art  ar- 
rangements  by  which  100%  oxygen  delivery  is  accom- 
plished  by  the  supply  of  oxygen  to  the  entrainment  ports 

is  of  the  mixer.  Thus,  Figure  2a  illustrates  an  arrangement 
in  which  one  entrainment  port  3a  is  connected  to  ambient 
atmosphere  via  a  non-return  valve  6  while  another  en- 
trainment  port  3b  is  connected  to  a  line  7  extending  via 
a  restrictor  8  and  an  on/off  valve  9  to  a  connection  1  0  in 

20  an  oxygen  supply  line  11  extending  from  an  oxygen  pulse 
source  12  to  the  nozzle  1  of  the  entrainment  mixer.  In 
between  connection  1  0  and  nozzle  1  ,  the  line  1  1  includes 
a  restrictor  1  3  that  is  adjustable  for  controlling  the  oxygen 
flow  to  the  nozzle  1  .  The  restrictor  1  3  is  coupled  to  re- 

25  stricter  8  so  that  an  adjustment  of  restrictor  13  corre- 
spondingly  adjusts  restrictor  8  to  provide  to  entrainment 
port  3b  the  appropriate  amount  of  oxygen,  when  valve  9 
is  open,  to  be  entrained  by  the  oxygen  stream  from  noz- 
zle  1  without  air  dilution,  when  100%  oxygen  delivery  is 

30  required. 
Figure  3  shows  an  arrangement  equivalent  to  that 

of  Figure  2a  but  in  which  the  on/off  valve  9  is  replaced 
by  a  relay  valve  14  connected  to  the  entrainment  ports 
3  and  switchable  to  open  a  connection  with  line  7  when 

35  required,  by  application  of  pilot  pressure  at  its  port  21  .  At 
other  times  the  valve  14  connects  ambient  atmosphere 
to  the  entrainment  ports  3. 

Figure  4a  illustrates  an  arrangement  in  which  a  pres- 
sure  regulator  16  is  interposed  between  source  12  and 

40  connection  1  0  to  cause  oxygen  to  be  delivered  at  a  reg- 
ulated  pressure  to  nozzle  1  ,  and  also  to  line  7  when  valve 
9  is  open.  In  this  arrangement,  restrictor  8  is  of  fixed  val- 
ue.  Adjustment  of  the  regulated  pressure  delivered  by 
regulator  16  controls  the  flow  without  affecting  the  rela- 

ys  tionship  between  primary  oxygen  flow  and  entrainment 
oxygen  flow.  In  known  applications  of  this  arrangement 
the  regulator  16  is  adjusted  by  means  responsive  to 
sensed  output  flow  so  as  to  maintain  a  constant  output 
flow. 

so  In  accordance  with  the  invention,  the  arrangements 
of  Figures  2a  and  4a  may  be  modified  as  shown  in  Fig- 
ures  2b  and  4b  respectively.  In  the  case  of  the  arrange- 
ment  of  Figure  2a,  the  modification  illustrated  in  Figure 
2b  consists  in  omission  of  the  on/off  valve  9  and  in  sub- 

55  stitution  of  an  independently  adjustable  restrictor  15  for 
the  restrictor  8,  to  provide  oxygen  flows  to  entrainment 
port  3b  that  may  be  steplessly  adjusted,  independently 
of  the  primary  flow  to  nozzle  1  ,  from  the  value  appropriate 
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for  obtaining  100%  oxygen  output  from  diffuser  4,  down 
to  zero,  when  the  geometry  of  the  mixer  determines  the 
minimum  output  gas  oxygen  concentration,  it  being  un- 
derstood  that  when  oxygen  flowtotheport3b  is  less  than 
that  required  for  100%  oxygen  output,  the  entrainment 
action  will  cause  air  to  be  drawn  through  valve  6  to  port 
3a  for  entrainment  in  the  primary  oxygen  stream  along 
with  such  oxygen  as  is  concurrently  being  admitted  via 
port  3b.  However,  as  it  is  not  possible  to  calibrate  this 
device  directly  in  terms  of  output  gas  oxygen  concentra- 
tion  for  a  ventilator  providing  variable  output  flow  rates, 
this  arrangement  is  only  suitable  for  constant  flow  venti- 
lators.  For  such  applications,  the  variable  restrictor  1  3  of 
Figure  2a  is  replaced  by  a  fixed  restriction  of  the  primary 
flow  nozzle. 

As  previously  mentioned,  neonatal  or  infant  ventila- 
tors  commonly  operate  as  a  pressure  generator  ar- 
ranged  to  supply  gas  at  a  constant  flow  rate  to  a  down- 
stream  patient  connection,  excess  gas  passing  through 
a  pressure  relief  valve.  Because  of  the  low  flow  rates  in- 
volved  (c.10  litres/minute  as  compared  with  c.60  li- 
tres/minute  for  adult  ventilation),  the  gas  losses  resulting 
from  constant  pressure/constant  flow  operation  are  op- 
erationally  acceptable.  Such  losses  occur  not  only 
through  the  relief  valve  but  also  through  the  uncuffed  en- 
dotracheal  tube  usually  used  for  such  applications.  The 
arrangement  of  Figure  2b  is  thus  especially  suitable  for 
neonatal  and  infant  use. 

The  calibration  problems  of  the  arrangement  of  Fig- 
ure  2b  are  avoided  by  modification  of  the  arrangement 
of  Figure  4a  in  accordance  with  the  invention,  as  illus- 
trated  in  Figure  4b.  This  modification  involves  elimination 
of  the  on/off  valve  9  and  the  substitution  of  an  adjustable 
restrictor  15  for  the  fixed  restrictor  8  of  Figure  4a.  Thus 
the  arrangement  of  Figure  4b  provides  for  flow  rate  ad- 
justment  by  adjustment  of  the  regulator  16  and  inde- 
pendent  adjustment  of  the  output  gas  oxygen  concen- 
tration  by  adjustment  of  the  restrictor  15.  However,  by 
omitting  provision  for  adjustment  of  the  pressure  regula- 
tor  1  6,  a  ventilator  as  illustrated  in  Figure  4b  can  also  be 
configured  as  a  constant  pressure  generator  for  e.g.  ne- 
onatal  or  infant  use  as  above  described  in  relation  to  Fig- 
ure  2b. 

Thus,  with  the  arrangement  shown  in  Figure  4b,  and 
irrespective  of  the  regulated  pressure  set  by  regulator 
16,  the  setting  of  the  adjustable  restrictor  15  will  directly 
determine  the  oxygen  content  of  the  output  gas  and  the 
control  for  the  restrictor  1  5  may  be  calibrated  according- 
ly. 

Arrangements  such  as  illustrated  in  Figures  2b  and 
4b  enable  a  resuscitation/ventilation  apparatus  operat- 
ing  from  a  compressed  oxygen  source  as  described  to 
deliver  breathable  gas  pulses  having  oxygen  contents 
ranging  from  100%  steplessly  down  to  45%  or  less  by 
suitable  choice  of  fixed  geometry  for  the  entrainment 
mixer. 

However,  in  each  case  by  substituting  for  pulsed  ox- 
ygen  source  1  2  a  source  of  compressed  air  that  is  deliv- 

ered  pulsewise  to  the  nozzle  1  and  by  supplying  oxygen 
separately  to  line  7,  a  resuscitation/ventilation  apparatus 
may  be  arranged  to  deliver  breathable  gas  having  an  ox- 
ygen  content  ranging  from  21%  (air  with  no  added  oxy- 

5  gen)  up  to  about  70%  or  more  as  determined  by  the  fixed 
geometry  of  the  entrainment  mixer. 

Whereas  in  the  arrangements  of  Figures  2,  3  and  4, 
the  oxygen  supply  to  line  7  derives  directly  from  the 
pulsed  output  of  source  12  in  line  11.  (in  Figure  4  from 

10  the  output  of  the  pressure  regulator  16),  an  alternative 
arrangement  would  utilise  a  relay  valve  connecting  line 
7  to  a  discrete  oxygen  source,  the  relay  valve  being  ac- 
tuated  by  the  pressure  pulses  in  line  11.  Such  an  ar- 
rangement,  which  also  overcomes  the  calibration  prob- 

15  lems  of  the  arrangement  of  Figure  2b,  would  be  appro- 
priate  also  to  control  the  supply  of  oxygen  to  line  7  for 
the  described  substitution  of  a  compressed  air  pulse 
source  for  the  oxygen  source  12. 

Figure  5  illustrates  an  embodiment  of  an  arrange- 
20  ment  with  a  discrete  oxygen  source.  In  this  arrangement, 

the  pulsed  source  of  primary  or  entraining  gas  is  shown 
at  1  2  and  feeds  the  nozzle  1  of  the  entrainment  mixer  via 
line  11  and  a  variable  restrictor  18  that  serves  to  adjust 
the  primary  gas  flow  rate.  Downstream  of  the  restrictor 

25  1  8,  a  servo  connection  1  1  a  extends  from  line  1  1  to  a  relay 
valve  1  9  that  controls  the  flow  of  oxygen  from  a  discrete 
source  20  to  line  7  that  is  connected  to  entrainment  port 
3b  via  an  adjustable  restrictor  15.  The  relay  valve  19  is 
arranged  to  close  in  the  absence  of  pressure  at  the  servo 

30  connection  11a,  so  that  the  pressure  pulses  in  line  11 
cause  corresponding  and  coordinated  flow  pulses  of  ox- 
ygen  to  the  entrainment  port  3b.  The  primary  gas  provid- 
ed  by  source  12  may  be  oxygen  or  air,  depending  upon 
the  oxygen  concentration  range  required  for  the  output 

35  gas  mixture. 
Because  relay  valve  1  9  follows  the  pressure  profile 

of  the  primary  gas  supplied  to  the  entrainment  mixer  noz- 
zle,  the  pulses  of  oxygen  delivered  by  the  valve  1  9  to  the 
entrainment  port  3b  will  be  proportional  in  volume  to  the 

40  primary  gas  pulses,  so  that  an  adjustment  of  primary  gas 
flow  rate  by  adjustment  of  restrictor  1  8  will  result  in  a  cor- 
responding  adjustment  of  the  oxygen  flow  rate  in  line  7, 
for  any  given  setting  of  restrictor  15.  Accordingly,  having 
set  restrictor  1  5  to  provide  a  required  output  gas  mixture 

45  oxygen  concentration  at  one  flow  rate  (tidal  volume  or 
constant  pressure,  as  determined  by  the  downstream 
configuration)  the  flow  rate  may  thereafter  be  adjusted 
by  adjustment  of  restrictor  18  without  affecting  the  output 
gas  mixture  oxygen  concentration. 

so  A  further  variant,  not  shown,  corresponds  to  that 
shown  in  Figure  5  with  the  variable  restrictor  1  8  omitted. 
This  variant  constitutes  a  constant  flow  device  in  which 
the  oxygen  concentration  of  the  gas  supplied  to  the  pa- 
tient  can  be  varied.  With  the  arrangement  of  Figure  5  and 

55  the  variant  just  described,  if  the  primary  gas  provided  by 
source  12  is  oxygen,  the  oxygen  concentration  of  the  gas 
supplied  to  the  patient  can  be  varied  up  to  100%  by  ad- 
justment  of  the  variable  restrictor  15,  (from  a  value  de- 

4 
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termined  by  the  mixer  geometry)  and,  if  the  primary  gas 
provided  by  source  12  is  air,  the  oxygen  concentration 
of  the  gas  supplied  to  the  patient  can  be  varied  down  to 
21  %  by  adjustment  of  restrictor  1  5.  A  changeover  valve 
may  be  provided  for  changing  the  gas  supplied  by  source  s 
12  from  air  to  oxygen  or  vice  versa. 

The  features  disclosed  in  the  foregoing  description, 
in  the  following  claims  and/or  in  the  accompanying  draw- 
ings  may,  both  separately  and  in  any  combination  there- 
of,  be  material  for  realising  the  invention  in  diverse  forms  10 
thereof. 

Claims 
15 

1.  Resuscitation/ventilation  apparatus  having  an 
entrainment  mixer  for  diluting  a  primary  entraining 
gas  stream  with  an  entrainment  gas  to  produce  a 
breathable  gas  mixture,  characterised  by  means 
providing  a  steplessly  adjustable  flow  of  oxygen  to  20 
enrich  the  entrainment  gas  to  the  gas  mixer. 

2.  Apparatus  according  to  claim  1  ,  in  which  the  primary 
entraining  gas  is  oxygen  delivered  pulsewise  to  the 
mixer  nozzle  and  a  controlled  amount  of  oxygen  is  25 
supplied  to  the  mixer  entrainment  port  to  provide  an 
output  gas  mixture  having  an  oxygen  content  rang- 
ing  steplessly  from  100%  downwards  to  a  value 
determined  by  the  geometry  of  the  mixer. 

30 
3.  Apparatus  according  to  claim  2,  in  which  said  pri- 

mary  entraining  gas  and  said  oxygen  entrainment 
gas  are  subject  to  common  pressure  regulation  at 
the  input  to  the  nozzle  and  at  the  input  to  the  oxygen 
control  respectively.  35 

4.  Apparatus  according  to  claim  1,  in  which  said  pri- 
mary  entraining  gas  is  air  delivered  pulsewise  to  the 
mixer  nozzle  to  provide  an  output  gas  mixture  having 
an  oxygen  content  ranging  from  21%  (no  oxygen  40 
supplied  to  the  entrainment  port)  up  to  a  value  deter- 
mined  by  the  fixed  geometry  of  the  mixer. 

5.  Apparatus  according  to  claim  1  ,  2  or  4,  comprising 
a  relay  valve  controlling  the  supply  of  oxygen  45 
entrainment  gas  from  a  discrete  source  thereof  and 
operated  by  the  pulsewise  delivery  of  primary 
entraining  gas. 

55 
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