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(54)  Smoke  meter. 

(57)  A  smoke  meter  is  particularly  adapted  to  me- 
ter  the  smoke  content  of  vehicle  exhaust  gases. 
The  meter  includes  a  measuring  tube  with  a 
light  at  one  end  and  a  light  detector  at  the  other 
end,  the  amount  of  light  detected  correspond- 
ing  to  the  smoke  content.  The  optical  surfaces 
are  kept  clean  by  inducing  a  flow  of  clean  air 
across  the  surfaces  using  an  air  supply  which 
also  induces  flow  of  gas  into  the  tube. 
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This  invention  relates  to  smoke  meters  and,  in 
particular,  to  metering  devices  fordetermining  the  lev- 
el  of  smoke  content  in,  for  example,  the  exhausts  of 
road  vehicles. 

The  emission  of  quantities  of  smoke  from  vehicle  5 
engines  has  become  environmentally  unacceptable. 
In  order  to  control  the  level  of  smoke  emission  it  is 
necessary  to  obtain  some  indication  as  to  the  quantity 
of  smoke  being  emitted.  Such  metering  is  necessary 
before  any  control  can  be  exercised  over  vehicles  10 
which  emit  too  much  smoke. 

The  elements  in  the  exhaust  emissions  which  the 
present  application  addresses  include  carbon  partic- 
les  and  other  particulate  material  which  may  be  pres- 
ent.  The  presence  of  water  particles  is  not  normally  15 
of  particular  concern  and  there  are  other  means  for 
determining  the  presence  of  noxious  gases. 

In  metering  the  levels  of  smoke  in  vehicle  emis- 
sions  it  has  been  proposed  to  pass  a  light  beam 
through  a  sample  of  exhaust  gas  and  to  detect  the  20 
amount  of  light  which  is  able  to  be  transmitted  from  the 
light  source  to  a  light  detector.  However  deposits  of 
materials  from  the  smoke  sample  on  the  surfaces  of 
the  light  emitting  and  the  light  detecting  means  can  af- 
fect  the  amount  of  light  passing  through  the  sample  25 
and  one  object  of  the  present  invention  is  to  reduce 
such  deposition. 

In  British  Patent  Specif  ication  No.  1135146  and  in 
European  Patent  Specification  No.  0456202  there  are 
described  smoke  meters  in  which  an  attempt  has  30 
been  made  to  keep  optical  surfaces  clear  of  deposits 
using  airflows.  In  European  Patent  370248  deposits 
on  the  optical  surfaces  are  burned  off. 

An  object  of  the  invention  is  to  provide  an  im- 
proved  smoke  meter.  35 

According  to  the  invention  a  smoke  meter  com- 
prises  a  measuring  tube  communicating  with  a  source 
of  smoke  laden  gas  to  be  sampled,  light  emitting 
means  at  one  end  of  the  tube,  light  detecting  means 
remote  from  the  light  emitting  means  for  detecting  40 
light  from  the  light  emitting  means  passing  through 
said  gas,  airflow  generating  means,  air  flow  guidance 
means  communicating  between  the  airflow  generat- 
ing  means  and  the  measuring  tube,  air  inlet  means  for 
admitting  airfrom  the  air  flow  guidance  means  into  the  45 
tube  adjacent  the  light  emitting  means  and  the  light 
detection  means  to  pass  over  the  light  detection  and 
light  emitting  means  and  inhibit  deposition  of  smoke 
content  on  such  means,  and  outlet  means  for  dis- 
charging  the  gas  and  the  air  from  the  tube,  such  dis-  50 
charge  being  induced  by  airflow  in  the  airflow  guid- 
ance  means. 

Preferably  the  meter  comprises  openings  in  the 
measuring  tube  adjacent  each  of  the  light  emitting 
means  and  the  light  detection  means,  air  being  admit-  55 
ted  to  the  tube  at  one  of  the  openings  constituting  the 
air  inlet  means  and  discharged  through  another  of  the 
openings  constituting  said  discharge  means,  the 

openings  lying  at  different  sides  of  the  tube. 
Conveniently  each  discharge  opening  is  ar- 

ranged  to  discharge  smoke  laden  gas  with  the  air  and 
has  a  larger  size  than  the  air  inlet  openings,  the  air  in- 
let  opening  being  upstream  in  the  air  flow  passing 
along  the  air  guidance  means  in  relation  to  the  outlet 
opening,  the  air  flow  guidance  means  passing  around 
said  openings  and  the  tube,  thereby  inducing  the  flow 
of  smoke  laden  gas  along  the  tube.  By  careful  regu- 
lation  of  the  size  of  the  openings,  entry  of  air  into  the 
measuring  tube  can  be  made  to  be  adequate  to  keep 
the  light  emitting  means  and  the  light  detection  means 
substantially  clear  of  smoke  deposits. 

The  arrangement  is  such  that  air  is  caused  to  flow 
at  increased  velocity  in  the  vicinity  of  the  openings  to 
induce  a  flow  of  gas  into  the  tube.  Rapid  meter  re- 
sponse  is  possible  and  gas  is  rapidly  purged  from  the 
measuring  tube  at  the  end  of  a  test.  The  air  flow  gen- 
erating  means  is  located  such  that  it  passes  clear  air 
to  the  air  guidance  means  and  does  not  become  con- 
taminated  with  smoke  laden  gas. 

By  careful  arrangement  of  the  sizes  and  positions 
of  the  openings  the  induced  flow  of  gas  and  air  is  pro- 
vided.  The  pressure  within  the  tube  can  be  controlled 
to  within  10  millibar  of  the  ambient  pressure  even 
when  the  pressure  of  exhaust  gas  from  a  vehicle  is 
considerably  higher  than  the  ambient  pressure.  This 
ensures  that  accurate  and  consistent  measurements 
of  smoke  content  can  be  achieved. 

Preferably  the  smoke  meter  samples  a  portion  of 
the  total  gas  flow  by  providing  an  inlet  opening  from 
the  main  gas  flow  into  the  measuring  tube.  The  size 
of  the  sample  may  be  determined  by  constriction 
means  and  by  the  provision  and  arrangement  of  the 
airflow  generating  means. 

Preferably  the  measuring  tube  is  maintained  in  a 
heated  condition  by  heating  means  to  prevent  con- 
densation  of  water  vapour  and  volatile  hydrocarbons 
in  the  tube.  Moreover  the  entry  of  the  sample  may  be 
located  intermediate  the  ends  of  the  sampling  tube  for 
passage  towards  its  opposite  ends. 

Conveniently  the  light  emitting  means  comprises 
a  pulsed  light  source  whereby  intermittent  pulses  of 
light  are  directed  towards  the  light  detection  means, 
the  meter  comprising  means  by  which  selected  light 
pulses  are  suppressed  or  ignored. 

Further  features  of  the  invention  will  appear  from 
the  following  description  of  an  embodiment  of  the  in- 
vention  given  by  way  of  example  only  and  with  refer- 
ence  to  the  accompanying  drawing  which  shows, 
schematically,  a  smoke  meter. 

Referring  to  the  drawings  a  gas  sample  for  meter- 
ing  is  passed  along  a  sampling  pipe  10  from  a  source 
of  gas  such  as  a  vehicle  engine  exhaust.  Part  way 
along  the  pipe  10  is  located  a  tube  11  having  an  op- 
tional  constriction  12  whereby  to  inhibit  the  bulkof  the 
gas  passing  along  the  pipe  10  from  entering  the  tube 
11.  The  tube  11  communicates  with  a  measuring  tube 
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13  midway  between  the  ends  of  the  tube  13. 
At  opposite  ends  of  the  tube  1  3  are  a  light  emitting 

device  14  and  a  light  detection  device  15.  In  use  light 
is  emitted  by  the  device  14  and  is  directed  towards  the 
detector  15.  It  is  intended  that  the  amount  of  light  de-  5 
tected  by  the  detector  15  is  dependent  on  the  smoke 
content  of  the  sample  entering  the  tube  13. 

Adjacent  each  of  the  light  emitting  device  14  and 
the  light  detection  device  15  openings  20,  21  are 
formed  in  the  tube  13  and  such  openings  are  ar-  10 
ranged  similarly  at  each  end  of  the  tube  13. 

A  fan  16  provides  a  supply  of  clean  atmospheric 
air  which  is  passed  into  an  air  guidance  duct  17  ex- 
tending  towards  and  around  opposite  ends  of  the  tube 
1  3.  The  air  is  guided  to  pass  through  and  around  the  15 
ends  of  the  tube  13,  as  shown  by  the  arrows.  The 
openings  in  the  ends  of  the  tube  13  are  arranged  to 
admit  air  from  the  duct  1  7  into  the  tube  1  3  and  also  to 
allow  air  and  the  gas  sample  in  the  tube  13  to  pass  to 
discharge  outlets  1  8  of  the  duct  1  7.  Thus  the  openings  20 
at  each  end  of  the  tube  13  include  an  outlet  opening 
20  together  with  an  inlet  opening  21  to  provide  flush- 
ing  or  purging  air  for  the  light  emitting  device  14  at  one 
end  of  the  tube  and  for  the  light  detection  device  15 
at  the  other  end  of  the  tube  13.  The  cross-sectional  25 
areas  of  each  of  the  openings  20  and  21  are  carefully 
arranged  to  induce  the  entry  of  air  into  the  tube 
through  the  opening  21  whilst  allowing  the  gas  and  air 
to  be  discharged  from  the  opening  20  by  a  venturi  ac- 
tion.  The  opening  20  may  be  replaced  by  two  open-  30 
ings  on  diametrically  opposite  sides  of  the  tube  13 
with  the  air  flow  around  the  tube  arranged  to  have 
minimal  contact  with  the  tube  to  reduce  cooling  of  the 
tube  13. 

The  outlet  opening  20  or  openings  are  generally  35 
circular  and  lying  towards  the  downstream  side  of  the 
tube  13  in  each  case.  The  inlet  openings  21  may  each 
comprise  a  short  inlet  tube  communicating  with  the 
duct  17  at  the  upstream  side  of  the  tube  13  and  direct- 
ed  across  the  face  of  the  associated  light  emitting  de-  40 
vice  14  or  light  detecting  device  15  whereby  a  stream 
of  clean  air  from  the  duct  17  passes  across  the  face 
of  device  14  or  15  to  prevent  or  inhibit  deposition  of 
materials  from  the  sample  on  said  face.  It  has  been 
found  by  careful  control  of  the  sizes  of  the  openings  45 
20  and  21  that  deposition  on  the  faces  of  the  devices 
14  and  15  can  be  substantially  eliminated.  It  will  be  ap- 
preciated  that  clean  air  passing  along  the  duct  17 
passes  around  the  tube  13  at  its  ends  in  addition  to 
passing  into  the  tube  through  openings  20  and  21  .  50 

In  order  to  prevent  condensation  of  the  water  con- 
tent  of  the  sample  the  tube  is  heated  by  heating  ele- 
ments  23  disposed  to  heat  the  tube  13  and  the  light 
emitting  and  detecting  devices  14  and  15  to,  for  exam- 
ple,  70  degrees  Centigrade.  55 

It  will  be  appreciated  that  the  quantity  of  smoke 
sample  passing  from  the  outlets  18  is  small  and  is 
mixed  with  clean  air  supplied  by  the  fan  16. 

Conventionally,  smoke  meters  are  calibrated  by 
introducing  mechanically  a  translucent  filter  which 
can  obscure  a  known  percentage  of  the  light  or  by  an 
opaque  screen  which  will  obscure  a  known  percen- 
tage  of  the  light  beam.  Such  devices  cause  complica- 
tions  in  the  mechanisms  for  allowing  their  entry  and 
extraction. 

The  smoke  meter  is  arranged  to  avoid  these  com- 
plications  by  making  use  of  a  pulsed  or  intermittent 
light  source.  By  suppressing  alternate  pulses  of  light 
an  accurate  50%  total  light  signal  can  be  obtained  and 
when  a  light  detection  device  is  provided  with  linear 
detection  characteristics,  a  simple,  convenient  cali- 
bration  point  can  be  established  without  mechanical 
intervention.  Instead  of  suppressing  alternate  pulses 
of  light  two  out  of  three,  three  out  of  four  pulses  or 
other  ratios  of  light  pulses  may  be  suppressed.  In- 
stead  of  suppression  of  pulses  of  light  the  detection 
means  may  be  arranged  to  detect  only  selected  puls- 
es  of  light  ignoring  alternate  or  other  pulses.  The 
pulsed  light  source  may  be  generated  in  any  conve- 
nient  means  or  the  pulses  can  be  generated  mechan- 
ically  by  shutter  or  other  means  interposed  in  the  light 
path. 

The  device  described  is  of  relatively  simple  con- 
struction  arranged  to  keep  the  light  path  free  of  smoke 
deposits  and  to  sample  a  significant  quantity  of  gas  by 
splitting  the  original  sample  along  two  paths  and  by 
providing  a  measuring  tube  13  of  adequate  length 
which  may  be  of  the  order  of  250  mm  in  a  tube  having 
a  diameter  of  the  order  of  1  7  mm.  Moreover  the  pres- 
sure  differential  across  the  device  may  be  of  the  order 
of  10  millibars.  The  outlet  openings  20  may  be  of  the 
order  of  10  mm  in  diameter. 

The  arrangement  also  results  in  the  measuring 
tube  being  purged  of  sample  once  the  device  is  dis- 
connected  from  the  exhaust  being  sampled  or  the 
supply  of  gas  to  the  tube  1  0  is  otherwise  interrupted. 

I  nstead  ofthelightemittingdevice14andthelight 
detection  means  15  being  at  opposite  ends  of  the  tube 
1  3  they  may  be  at  the  same  end  with  means  for  de- 
flecting  the  light  beam  from  one  to  the  other. 

Claims 

1.  Asmoke  meter  comprising  a  measuring  tube  (13) 
communicating  with  a  source  (10)  of  smoke  laden 
gas  to  be  sampled,  light  emitting  means  (14)  at 
one  end  of  the  tube  (13),  light  detection  means 
(15)  remote  from  the  light  emitting  means  (14)  for 
detecting  lightfrom  the  light  emitting  means  pass- 
ing  through  said  gas,  airflow  generating  means 
(16)  ,  air  flow  guidance  means  (17)  communicat- 
ing  between  the  airflow  generating  means  (16) 
and  the  measuring  tube  (13),  air  inlet  means  (21) 
for  admitting  airfrom  the  air  flow  guidance  means 
into  the  tube  (13)  adjacent  the  light  emitting 
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means  (14)  and  the  light  detection  means  (15)  to 
pass  over  the  light  detection  and  light  emitting 
means  and  inhibit  deposition  of  smoke  content  on 
such  means,  and  outlet  means  (20)  for  discharg- 
ing  the  gas  and  the  air  from  the  tube,  such  dis- 
charge  being  induced  by  air  flow  in  the  air  flow 
guidance  means  (17). 

2.  A  smoke  meter  according  to  claim  1  comprising 
openings  (20,  21)  in  the  measuring  tube  (13)  ad- 
jacent  each  of  the  light  emitting  means  (14)  and 
the  light  detection  means  (15),  air  being  admitted 
to  the  tube  (1  3)  atone  of  the  openings  constituting 
the  air  inlet  means  (21)  and  discharged  through 
another  of  the  openings  (20)  constituting  said  dis- 
charge  means,  the  openings  lying  at  different 
sides  of  the  tube  (13). 

7.  A  smoke  meter  according  to  any  one  of  the  pre- 
ceding  claims  wherein  the  light  emitting  means 
(14)  comprises  a  pulsed  light  source  whereby  in- 
termittent  pulses  of  light  are  directed  towards  the 

5  light  detection  means  (1  5),  the  meter  comprising 
means  by  which  selected  light  pulses  are  sup- 
pressed  or  ignored. 

8.  Asmoke  meter  according  to  claim  7  wherein  puls- 
10  es  of  light  are  suppressed  or  ignored  to  enable 

calibration  of  the  metertotake  place  at  half  the  full 
light  emission  rate  or  at  another  emission  rate. 

9.  A  smoke  meter  according  to  any  one  of  the  pre- 
15  ceding  claims  wherein  the  pressure  of  gas  in  the 

measuring  tube  (13)  is  of  the  order  of  10  millibar 
of  the  ambient  pressure. 

3.  Asmoke  meter  according  to  claim  2  wherein  each 
discharge  opening  (20)  is  arranged  to  discharge  20 
smoke  laden  gas  with  the  air  and  has  a  larger  size 
than  the  air  inlet  opening  (21),  the  air  inlet  opening 
(21)  being  upstream  in  the  airflow  passing  along 
the  air  guidance  means  (17)  in  relation  to  the  out- 
let  opening  (20),  the  airflow  guidance  means  (17)  25 
passing  around  said  openings  (20,  21)  and  the 
tube  (13),  thereby  inducing  the  flow  of  smoke  la- 
den  gas  along  the  tube  (13). 

4.  A  smoke  meter  according  to  any  one  of  the  pre-  30 
ceding  claims  comprising  an  inlet  (11)  for  intro- 
ducing  the  smoke  laden  gas  into  the  measuring 
tube  (13)  and  disposed  at  a  position  along  the 
tube  (13)  intermediate  the  light  emitting  means 
(14)  and  the  light  detection  means  (15),  the  35 
smoke  laden  gas  passing  from  the  inlet  (11)  to- 
wards  the  light  emitting  means  (14)  and  the  light 
detection  means  (15). 

5.  A  smoke  meter  according  to  any  one  of  the  pre-  40 
ceding  claims  wherein  the  measuring  tube  (13) 
communicates  with  a  duct  (10)  arranged  to  carry 
selectively  a  flow  of  smoke  laden  air  and  atmos- 
pheric  air  through  a  connection  (11)  by  which  a 
sample  of  the  smoke  laden  air  is  caused  to  flow  45 
from  the  duct  (10)  into  the  measuring  tube  (13) 
during  a  measuring  operation  and  the  flow  of  gas 
is  replaced  with  a  flow  of  airfor  purging  of  the  gas 
from  the  tube  (1  3),  the  flow  of  gas  or  air  being  in- 
duced  by  a  venturi  effect  of  airflow  in  the  airflow  50 
guidance  means  (17). 

6.  A  smoke  meter  according  to  any  one  of  the  pre- 
ceding  claims  comprising  heating  means  (23)  for 
heating  the  measuring  tube  (13)  to  prevent  de-  55 
position  of  contents  of  the  smoke  laden  air  on  the 
tube. 
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