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©  Method  and  apparatus  for  detecting  unwanted  liquid  contamination  in  oil  drums  prior  to  their 
filling. 

©  A  device  for  detecting  small  amounts  of  liquid  in 
metal  containers,  using  a  microwave  unit  designed 
to  sense  movement  or  change  and  an  acoustic 
source,  both  of  which  would  be  mounted  in  the  same 
transducer  head  (although  they  could  be  separate), 
to  view  the  inside  of  a  metal  container,  such  as  a 
drum  through  its  filling  hole. 
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METHOD  AND  APPARATUS  FOR  DETECTING  UNWANTED  LIQUID  CONTAMINATION  IN  OIL  DRUMS  PRIOR 
TO  THEIR  FILLING 

The  invention  relates  to  a  method  and  appara- 
tus  for  detecting  unwanted  water  or  other  contami- 
nating  liquids  in  containers,  such  as  oii  drums,  prior 
to  their  filling  with  products.  In  the  oil  industry,  in 
particular  at  luboil  installations,  empty  containers 
such  as  empty  oil  drums  have  to  be  inspected 
prior  to  their  filling  with  products. 

Usually,  the  containers  of  interest  ranges  from 
for  example  205  litre  drums  to  1  litre  cans,  many  of 
which  may  be  second  hand  and  reconditioned 
thereby  requiring  a  careful  inspection  for  clean- 
liness  prior  to  filling  with  products  which  meet  tight 
specifications. 

It  is  important  to  know  whether  or  not  the 
container  to  be  filled  is  not  contaminated  by  water 
or  other  liquids,  since  for  high  grade  oils  any  water 
or  other  contaminating  liquid  is  unacceptable. 

Usually,  for  25  litre  capacity  and  above,  the 
inspection  of  the  containers  is  done  by  an  exper- 
ienced  inspector  inserting  a  striplight  through  the 
filling  hole  of  the  container  and  observing  its  inter- 
nal  condition.  The  smaller  containers  have  a  small- 
er  filling  hole  and  the  inspection  is  made  without  an 
inserted  light. 

However,  water  or  other  liquid  contamination 
(particularly  in  reconditioned  drums)  can  not  be 
detected  easily  in  this  manner,  since  it  has  been 
found  that  for  example  in  water  contamination  a  1 
cm  droplet  would  pass  a  general  examination.  It  is 
an  object  of  the  invention  to  provide  a  method  and 
apparatus  for  detecting  small  amounts  of  liquid  in 
containers  prior  to  their  filling,  in  a  simple  and 
sensitive  manner. 

The  invention  therefore  provides  a  method  for 
detecting  the  presence  of  small  amounts  of  liquid 
in  containers  prior  to  filling,  characterized  by  the 
steps  of  probing  the  inside  of  the  container  by  a 
combination  of  a  microwave  doppler  unit  and  an 
acoustic  source;  monitoring  the  output  of  the  mi- 
crowave  unit  with  the  acoustic  source  de-ener- 
gized,  subsequently  energizing  the  acoustic  source 
with  a  signal  burst;  and  monitoring  the  output  of  the 
microwave  unit  in  order  to  detect  a  change  in 
output;  and  deriving  from  such  a  change  in  micro- 
wave  output  information  concerning  the  presence 
of  liquid  in  the  container. 

The  invention  also  provides  an  apparatus  for 
carrying  out  the  said  method  characterized  by  a 
combination  of  a  microwave  doppler  unit  and  an 
acoustic  source,  wherein  the  microwave  unit  is 
designed  to  sense  movement  of  liquid  in  the  con- 
tainer,  and  the  acoustic  means  is  designed  to 
transmit  acoustic  energy  through  the  filling  hole  of 
the  container  into  its  interior,  and  means  for  moni- 

toring  the  output  of  the  microwave  unit  in  order  to 
detect  a  change  in  output. 

The  invention  will  now  be  described  by  way  of 
example  in  more  detail  with  reference  to  the  ac- 

5  companying  drawing,  in  which  the  figure  represents 
schematically  the  principle  of  the  invention. 

Referring  now  to  the  figure  an  oil  drum  1  is 
shown,  provided  with  a  filling  hole  1a.  The  drum  1 
can  be  inspected  through  the  filling  hole  1a  by  a 

w  transducer  or  sensor  inspection  system  2.  This 
system  will  sense  water  or  other  liquid  drops  in  the 
drum  and  comprises  a  microwave  doppler  unit  and 
an  acoustic  source.  The  microwave  doppler  unit 
operates  on  the  same  principle  as  widely  used 

75  motion  detectors  and  intruder  alarms.  Microwave 
radiation  is  emitted  from  a  transmitter  antenna. 
Some  fraction  is  returned  to  a  co-sited  receiver  and 
is  heterodyned  in  a  detector  with  a  signal  originat- 
ing  from  the  same  microwave  oscillator.  In  the 

20  absence  of  motion  the  output  of  the  detector  is 
steady,  but  any  motion  causing  a  doppler  shift  of 
the  returning  radiation  produces  a  fluctuating  volt- 
age  indicative  of  the  motion.  The  microwave  dopp- 
ler  unit  and  the  acoustic  source  can  be  mounted  in 

25  the  same  transducer  head  or  separately  to  probe 
the  inside  of  the  drum  through  the  fillinghole.  The 
output  of  the  transducer  system  is  connected  in 
any  way  suitable  for  the  purpose  to  a  suitable 
signal  processing  system  (not  shown  for  reasons  of 

30  clarity). 
The  operation  of  the  apparatus  is  as  follows: 
With  the  acoustic  source  de-energized  the  mi- 

crowave  unit  would  show  a  steady  output.  On  en- 
ergizing  the  acoustic  source  with  a  signal  burst  two 

35  conditions  could  exist:  (1)  The  clean  container  situ- 
ation:  the  acoustic  energy  would  bounce  around 
the  drum  but  not  cause  any  significant  movement 
of  the  container  walls  etc.  and  hence  the  micro- 
wave  doppler  unit  still  shows  a  steady  output.  (2) 

40  The  liquid  (e.g.  water)  in  container  situation:  in  this 
case  the  liquid  will  absorb  some  of  the  acoustic 
energy  and  start  to  move.  This  movement  can  be 
detected  by  the  microwave  doppler  unit  and  shows 
itself  as  an  AC  output.  The  exact  resolution  of  the 

45  system  would  depend  on  frequency,  power,  sen- 
sitivity  etc.  In  tests  carried  out  with  the  apparatus  of 
the  invention,  a  10  GHz  microwave  module  and  a 
few  hertz  sonic  source  were  applied  and  water 
drops  of  2  cm  and  above  could  be  sensed.  It  will 

50  be  appreciated  that  the  acoustic  source  can  be 
sub-sonic,  sonic  or  ultrasonic. 

Various  modifications  of  the  present  invention 
will  become  apparent  to  those  skilled  in  the  art 
from  the  foregoing  description  and  accompanying 
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drawing.  Such  modifications  are  intended  to  fall 
within  the  scope  of  the  appended  claims. 

Claims  5 

1.  A  method  for  detecting  the  presence  of 
small  amounts  of  liquid  in  containers  prior  to  filling, 
characterized  by  the  steps  of  probing  the  inside  of 
the  container  by  a  combination  of  a  microwave  10 
doppler  unit  and  an  acoustic  source;  monitoring  the 
output  of  the  microwave  unit  with  the  acoustic 
source  de-energized;  subsequently  energizing  the 
acoustic  source  with  a  signal  burst;  and  monitoring 
the  output  of  the  microwave  unit  in  order  to  detect  15 
a  change  in  output;  and  deriving  from  such  a 
change  in  microwave  output  information  concerning 
the  presence  of  liquid  in  the  container. 

2.  The  method  as  claimed  in  claim  1  character- 
ized  in  that  the  acoustic  source  is  sub-sonic.  20 

3.  The  method  as  claimed  in  claim  1  character- 
ized  in  that  the  acoustic  source  is  sonic. 

4.  The  method  as  claimed  in  claim  1  character- 
ized  in  that  the  acoustic  source  is  ultrasonic. 

5.  An  apparatus  for  carrying  out  the  method  as  25 
claimed  in  any  one  of  claims  1-4  characterized  by 
a  combination  of  a  microwave  doppler  unit  and  an 
acoustic  source,  wherein  the  microwave  unit  is 
designed  to  sense  movement  of  liquid  in  the  con- 
tainer,  and  the  acoustic  means  is  designed  to  30 
transmit  acoustic  energy  through  the  filling  hole  of 
the  container  into  its  interior,  and  means  for  moni- 
toring  the  output  of  the  microwave  unit  in  order  to 
detect  a  change  in  output. 

6.  The  apparatus  as  claimed  in  claim  5  char-  35 
acterized  in  that  the  microwave  unit  and  the  acous- 
tic  source  are  mounted  in  a  common  transducer 
head. 

7.  The  apparatus  as  claimed  in  claim  5  char- 
acterized  in  that  the  microwave  unit  and  the  acous-  40 
tic  source  are  mounted  separately. 
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