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(54)  Pressure  vessel 

(57)  A  pressure  vessel  10  includes  an  outer  con- 
tainer  12  in  combination  with  an  inner  bladder  14.  Outer 
container  12  has  an  interior  cavity  16  and  an  access 
opening  18  closed  by  a  closure  20.  Inner  bladder  14  has 
an  interior  cavity  22  and  an  access  opening  24  to 
receive  an  article  sealed  by  a  closure  26.  The  inner 
bladder  1  4  is  disposed  within  the  interior  cavity  1  6  of  the 
outer  container  12.  The  pressure  vessel  10  is  character- 
ized  by  the  outer  container  12  being  a  flexible,  air  per- 
meable  and  liquid  permeable  containment  envelope. 
The  closure  20  of  the  outer  container  remains  sealed 
and  the  containment  envelope  12  remains  dimension- 
ally  stable  at  a  maximum  intended  pressure  differential. 
The  inner  bladder  14  is  flexible,  air  tight,  liquid  impervi- 
ous,  and  separate  from  the  outer  containment  envelope 
12.  The  access  opening  24  of  the  inner  bladder  14  is 
sealed  by  an  air  impervious  closure  26.  The  inner  blad- 
der  14  is  disposed  within  the  interior  cavity  16  of  the 
containment  envelope  1  2  in  an  unexpanded  state.  The 
inner  bladder  14  in  a  fully  expanded  condition  outside  of 
the  containment  envelope  12  is  larger  than  the  interior 
cavity  16  of  the  containment  envelope  12.  When  the 
inner  bladder  14  is  positioned  within  the  interior  cavity 
16  of  the  containment  envelope  12  with  internal  pres- 
sure  exceeding  external  pressure  thereby  creating  a 
pressure  differential,  the  internal  pressure  acts  upon  the 
inner  bladder  14  to  place  the  inner  bladder  14  in  com- 
pression  within  the  interior  cavity  16  of  the  containment 
envelope  12  while  placing  the  containment  envelope  12 
in  tension. 

FIG.  1. 
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Description 

The  nations  of  the  world  are  adopting  international 
standards  relating  to  packaging  of  dangerous  goods  for 
transportation,  at  the  urging  of  organizations  such  as 
the  International  Air  Transport  Association  (IATA). 
These  international  standards  under  the  International 
Civil  Aviation  Organization  (ICAO)  require  that  the  dan- 
gerous  goods  be  contained  within  a  pressure  vessel.  A 
pressure  vessel  that  represents  the  state  of  the  art  is 
United  States  Patent  5,167,344  which  issued  to  Saf-T- 
Pak  Inc.  in  December  of  1992.  This  pressure  vessel  is  a 
polymer  plastic  container  that  has  an  annular  collar  that 
extends  outwardly  and  downwardly  from  sidewalls  adja- 
cent  a  top  rim.  The  annular  collar  has  a  threaded  exte- 
rior  surface  to  which  a  closure  lid  with  mating  threads  is 
secured.  The  threaded  connection,  as  described,  is 
insulated  from  inward  and  outward  flexing  of  the  side- 
walls  of  the  container  which  invariably  results  when  the 
container  is  exposed  to  differentials  in  pressure. 

As  diagnostic  specimens  may  contain  infectious 
substances,  IATA  has  indicated  that  all  diagnostic  spec- 
imens  should  be  treated  as  dangerous  goods  and  trans- 
ported  within  a  pressure  vessel.  The  cost  of  complying 
with  ICAO  regulations  with  existing  polymer  plastic  con- 
tainers  is  prohibitive.  The  number  of  diagnostic  speci- 
mens  transported  annually  in  the  United  States  alone  is 
in  the  billions.  Some  of  the  larger  laboratories  in  the 
United  States  perform  diagnostic  testing  on  in  excess  of 
a  quarter  of  a  million  diagnostic  specimens  per  day. 

A  common  manner  to  manufacture  low  cost  con- 
tainers  is  to  utilize  an  outer  container  in  combination 
with  an  inner  bladder.  An  example  of  such  a  combina- 
tion  is  United  States  2,872,760  which  issued  to  Meiss- 
ner  in  1959.  The  problem  is  that  containers  such  as 
Meissner  is  incapable  of  being  used  as  a  pressure  ves- 
sel. 

What  is  required  is  a  low  cost  pressure  vessel. 
According  to  the  present  invention  there  is  provided 

a  pressure  vessel  which  includes  a  flexible,  air  permea- 
ble,  liquid  permeable,  containment  envelope  having  an 
interior  cavity  and  an  access  opening  closed  by  a  clo- 
sure.  A  flexible,  airtight,  liquid  impervious,  inner  bladder 
is  provided  having  an  interior  cavity  and  an  access 
opening  sealed  by  a  closure.  The  inner  bladder  is  dis- 
posed  within  the  interior  cavity  of  the  containment  enve- 
lope.  The  containment  envelope  is  dimensionally  stable 
at  the  maximum  intended  pressures.  The  inner  bladder 
in  a  fully  expanded  condition  is  larger  than  the  contain- 
ment  envelope  such  that  internal  pressure  acts  upon 
the  inner  bladder  to  place  the  inner  bladder  in  compres- 
sion  within  the  interior  cavity  of  the  containment  enve- 
lope  while  placing  the  containment  envelope  in  tension. 

The  pressure  vessel,  as  described  above,  operates 
in  accordance  with  basic  principles  of  science  and  can 
be  made  from  low  cost  materials.  A  readily  available 
sealable  polymer  plastic  bag  can  be  used  for  the  inner 
bladder.  These  polymer  plastic  bags  have  little  tensile 
strength,  and  in  and  of  themselves  can  only  withstand 

pressures  of  one  or  two  pounds  per  square  inch.  How- 
ever,  when  combined  with  the  containment  envelope,  as 
described  above,  the  tensile  forces  acting  upon  the  pol- 
ymer  plastic  bag  are  negligible.  A  polymer  plastic  bag  in 

5  compression,  as  described  above,  can  take  considera- 
ble  compression  force  before  a  failure  occurs.  The  con- 
tainment  envelope  is  an  unlikely  component  for  a 
pressure  vessel.  It  will  not,  in  and  of  itself,  contain  any 
pressure  for  it  is  both  air  permeable  and  liquid  permea- 

10  ble.  The  containment  envelope  is  selected  for  its  tensile 
strength.  A  containment  envelope  can  be  chosen  to 
meet  almost  any  pressure  requirement.  The  key  factor 
is  that  the  containment  envelope  remain  dimensionally 
stable  at  the  maximum  intended  pressures.  In  other 

15  words,  the  containment  envelope  must  not  expand  like  a 
balloon.  For  example,  a  containment  envelope  fabri- 
cated  from  woven  stainless  steel  would  have  tremen- 
dous  tensile  strength.  A  preferred  material  that  can  be 
made  into  envelopes  much  in  the  same  fashion  as 

20  paper  is  a  spun  bonded  olefin  material  sold  by  Dupont 
Canada  Inc.  under  the  trademark  TYVEK.  This  material 
has  a  strip  tensile  strength  of  approximately  7.9  pounds 
per  square  inch.  However,  when  formed  into  an  enve- 
lope,  which  when  expanded  forms  a  generally  elliptical 

25  shape,  it  is  capable  of  withstanding  between  15  and  20 
pounds  per  square  inch.  A  quick  calculation  verifies  that 
TYVEK  will  meet  pressure  requirements  set  forth  in 
most,  if  not  all,  international  standards  relating  to  the 
transportation  of  diagnostic  specimens.  For  example,  a 

30  five  inch  by  7  inch  envelope  made  from  TYVEK  has  a 
surface  area  of  seventy  square  inches.  Fifteen  pounds 
per  square  inch  spread  over  a  surface  area  of  seventy 
square  inches  equates  to  a  tensile  strength  able  to 
resist  over  one  thousands  pounds  of  total  force. 

35  According  to  another  aspect  of  the  invention  there 
is  provided  a  method  of  maintaining  pressure  contain- 
ment  on  dangerous  goods,  such  as  diagnostic  speci- 
mens.  Firstly,  place  dangerous  goods  into  an  interior 
cavity  of  a  flexible,  air  tight,  liquid  impervious,  inner 

40  bladder,  and  seal  an  access  opening  into  the  interior 
cavity  with  a  closure.  Secondly,  place  the  inner  bladder 
into  an  interior  cavity  of  a  flexible,  air  permeable,  liquid 
permeable,  containment  envelope  and  close  an  access 
opening  into  the  interior  cavity  with  a  closure.  The  con- 

45  tainment  envelope  is  dimensionally  stable  at  the  maxi- 
mum  intended  pressures.  The  containment  envelope  is 
smaller  than  the  inner  bladder  in  a  fully  expanded  condi- 
tion.  Upon  internal  pressure  acting  upon  the  inner  blad- 
der  the  inner  bladder  is  placed  in  compression  within 

so  the  interior  cavity  of  the  containment  envelope  while 
placing  the  containment  envelope  in  tension. 

These  and  other  features  of  the  invention  will 
become  more  apparent  from  the  following  description  in 
which  reference  is  made  to  the  appended  drawings, 

55  wherein: 

FIGURE  1  is  a  side  elevation  view  of  the  compo- 
nents  of  a  pressure  vessel  constructed  in  accord- 
ance  with  the  teachings  of  the  present  invention. 
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FIGURE  2  is  a  partially  cut  away  perspective  view 
of  a  pressure  vessel  constructed  in  accordance 
with  the  teachings  of  the  present  invention,  out  of 
the  components  illustrated  in  FIGURE  1. 
FIGURE  3  is  a  partially  cut  away  perspective  view 
of  the  pressure  vessel  illustrated  in  FIGURE  2, 
under  a  pressure  differential. 
FIGURE  4  is  a  section  view  taken  along  section 
lines  4-4  of  FIGURE  3. 

The  preferred  embodiment,  a  pressure  vessel  gen- 
erally  identified  by  reference  numeral  10,  will  now  be 
described  with  reference  to  FIGURES  1  through  4. 

Referring  to  FIGURE  1  ,  pressure  vessel  10  has  two 
primary  components,  a  containment  envelope  12  and 
an  inner  bladder  14.  Containment  envelope  12  is  prefer- 
ably  constructed  of  a  spun  bonded  olefin  material, 
which  is  sold  by  Dupont  Canada  Inc.  under  the  Trade- 
mark  TYVEK.  The  particular  material  out  of  which  con- 
tainment  envelope  12  is  made  is  not  as  important  as  the 
properties  that  containment  envelope  1  2  must  possess. 
Containment  envelope  12  must  be  flexible  so  that  it  can 
conform  to  the  shape  of  inner  bladder  1  4.  It  must  remain 
dimensionally  stable  at  the  maximum  intended  pressure 
differential  so  that  it  effectively  confines  inner  bladder 
14.  It  must  be  air  permeable  and  liquid  permeable,  as 
no  fluid  barrier  can  be  permitted  between  containment 
envelope  1  2  and  inner  bladder  1  4.  These  same  proper- 
ties  exist  in  woven  stainless  steel  or  Kevlar  (trademark), 
such  material  is  only  cost  effective  for  applications  in 
which  high  containment  strength  is  required.  Referring 
to  FIGURE  2,  containment  envelope  12  has  an  interior 
cavity  16.  Referring  to  FIGURE  1,  containment  enve- 
lope  12  has  an  access  opening  18  into  interior  cavity  16 
which  is  closed  by  a  closure  flap  20.  Inner  bladder  14  is 
preferably  constructed  of  a  polymer  plastic  material. 
There  are  a  number  of  polymer  plastic  bags  commer- 
cially  available  that  have  built  in  sealable  closures.  The 
particular  material  out  of  which  inner  bladder  1  4  is  made 
is  not  as  important  as  the  properties  that  inner  bladder 
14  must  possess.  Inner  bladder  14  must  be  flexible  and 
air  tight,  so  that  inner  bladder  1  4  will  expand  under  pres- 
sure  in  a  fashion  similar  to  a  balloon.  Inner  bladder  14 
must  be  liquid  impervious  so  as  to  confine  leakage  from 
any  dangerous  liquids  contained  therein.  These  same 
properties  exist  in  a  rubber  bladder,  such  material  is 
only  cost  effective  for  applications  in  which  high  contain- 
ment  strength  is  required.  Referring  to  FIGURE  2,  inner 
bladder  14  has  an  interior  cavity  22.  Referring  to  FIG- 
URE  1  ,  an  access  opening  24  is  provided  into  interior 
cavity  22.  Access  opening  24  is  sealed  by  a  closure  flap 
26.  The  particular  inner  bladder  14  illustrated  is  a  com- 
mercially  available  polymer  plastic  bag  with  a  sealed 
closure.  The  polymer  plastic  bag  comes  with  adhesive 
(not  shown)  on  both  closure  flap  26  and  along  a  periph- 
eral  edge  28  of  access  opening  24.  Backer  strips  30  and 
32,  respectively,  cover  these  adhesive  areas.  Backer 
strips  30  and  32  are  removed  to  enable  closure  flap  26 
to  be  sealed  along  peripheral  edge  28.  Referring  to  FIG- 

URE  2,  there  is  illustrated  the  manner  in  which  inner 
bladder  14  is  disposed  within  interior  cavity  16  of  con- 
tainment  envelope  12.  Referring  to  FIGURE  4,  for  rea- 
sons  that  will  be  more  fully  explained  in  relation  to  the 

5  method  of  use  it  is  important  that  inner  bladder  14  in  a 
fully  expanded  condition  outside  the  containment  enve- 
lope  12  be  larger  than  interior  cavity  16  of  containment 
envelope  12. 

The  method  of  use  of  pressure  vessel  1  0  will  now 
10  be  described  with  reference  to  FIGURES  1  through  4. 

Pressure  vessel  10  is  intended  to  maintain  pressure 
containment  on  dangerous  goods,  in  this  case  a  diag- 
nostic  specimen  34.  Firstly,  place  diagnostic  specimen 
34  into  interior  cavity  22  of  flexible,  air  tight,  liquid  imper- 

15  vious,  inner  bladder  14,  as  illustrated  in  FIGURE  1. 
Then,  seal  access  opening  24  into  interior  cavity  22  with 
closure  flap  26.  Secondly,  place  inner  bladder  14  into 
interior  cavity  1  6  of  flexible,  air  permeable,  liquid  perme- 
able,  containment  envelope  12,  as  illustrated  in  FIG- 

20  URE  2.  It  is  important  that  interior  cavity  16  of 
containment  envelope  is  smaller  than  inner  bladder  14, 
when  inner  bladder  is  in  a  fully  expanded  condition,  for 
the  reasons  that  will  hereinafter  be  described.  Access 
opening  18  into  interior  cavity  16  is  then  closed  with  clo- 

25  sure  flap  20.  Referring  to  FIGURE  3,  it  is  to  be  noted 
that  when  placed  under  pressure  inner  bladder  14 
expands  like  a  balloon  to  the  extent  allowed  by  contain- 
ment  envelope  12.  Referring  to  FIGURE  4,  there  is  illus- 
trated  the  various  forces  that  are  acting  upon  pressure 

30  vessel  10.  An  outward  force  created  by  internal  pres- 
sure  is  represented  by  arrows  36.  An  inward  force  cre- 
ated  by  external  pressure  and  confinement  by 
containment  envelope  12  is  represented  by  arrows  38. 
Tensile  forces  acting  upon  containment  envelope  12  are 

35  represented  by  opposed  arrows  40.  It  is  to  be  noted  that 
the  outward  force  36  caused  by  internal  pressure  com- 
presses  inner  bladder  14  against  containment  envelope 
1  2.  It  is  to  be  noted  that  containment  envelope  1  2,  being 
flexible,  conforms  to  the  shape  of  inner  bladder  14.  This 

40  removes  any  tensile  strain  upon  inner  bladder  14;  ten- 
sile  strain  that  would  unavoidably  be  present  if  contain- 
ment  envelope  was  rigid.  It  is  to  be  noted  that 
containment  envelope  12  is  placed  in  tension,  as  illus- 
trated  by  arrows  40.  For  this  reason  it  is  important  that 

45  the  material  from  which  containment  envelope  12  is 
made  be  suitable  for  the  intended  application.  It  must 
have  the  tensile  strength  to  remain  dimensionally  stable 
at  the  maximum  intended  pressure  differential. 

It  will  be  apparent  to  one  skilled  in  the  art  that  the 
so  present  invention  has  application  beyond  the  field  of 

pressure  vessels  used  for  the  transportation  of  danger- 
ous  goods.  The  teachings  of  the  present  invention  has 
implications  for  any  application  in  which  it  is  necessary 
to  contain  pressure  while  meeting  practical  shipping  lim- 

55  itations.  For  example,  it  is  possible  to  construct  large 
foldable  and  readily  transportable  storage  tanks  for  the 
containment  of  liquids  or  gases  at  remote  locations. 
Although  such  storage  tanks  may  be  huge  when  set  up 
for  use,  they  may  be  shipped  in  a  collapsed  condition 

3 
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that  is  comparatively  small.  It  will  also  be  apparent  to 
one  skilled  in  the  art  that  modifications  may  be  made  to 
the  illustrated  embodiment  without  departing  from  the 
spirit  and  scope  of  the  invention  as  defined  by  the 
Claims.  5 

Claims 

1.  A  pressure  vessel  which  includes  an  outer  con- 
tainer  12  in  combination  with  an  inner  bladder  14,  10 
the  outer  container  12  having  an  interior  cavity  16 
and  an  access  opening  18  closed  by  a  closure  20, 
the  inner  bladder  14  having  an  interior  cavity  22  and 
an  access  opening  24  to  receive  an  article  sealed 
by  a  closure  26,  the  inner  bladder  14  being  dis-  is 
posed  within  the  interior  cavity  1  6  of  the  outer  con- 
tainer  12,  characterized  by: 

the  outer  container  12  being  a  flexible,  air  per- 
meable  and  liquid  permeable  containment  20 
envelope,  the  closure  20  remaining  sealed  and 
the  containment  envelope  12  remaining  dimen- 
sionally  stable  at  a  maximum  intended  pres- 
sure  differential;  and 
the  inner  bladder  14  being  flexible,  air  tight,  liq-  25 
uid  impervious,  and  separate  from  the  outer 
containment  envelope  12,  the  access  opening 
24  of  the  inner  bladder  14  being  sealed  by  an 
air  impervious  closure  26,  the  inner  bladder  14 
being  disposed  within  the  interior  cavity  16  of  30 
the  containment  envelope  12  in  an  unex- 
panded  state,  the  inner  bladder  14  in  a  fully 
expanded  condition  outside  of  the  containment 
envelope  1  2  being  larger  than  the  interior  cavity 
16  of  the  containment  envelope  12  such  that  35 
when  the  inner  bladder  14  is  positioned  within 
the  interior  cavity  16  of  the  containment  enve- 
lope  12  with  internal  pressure  exceeding  exter- 
nal  pressure  thereby  creating  a  pressure 
differential,  the  internal  pressure  acts  upon  the  40 
inner  bladder  14  to  place  the  inner  bladder  in 
compression  within  the  interior  cavity  16  of  the 
containment  envelope  12  while  placing  the 
containment  envelope  12  in  tension. 

45 
2.  The  pressure  vessel  as  defined  in  Claim  1  ,  wherein 

the  containment  envelope  1  2  is  of  spun  bonded  ole- 
fin  material. 

3.  The  pressure  vessel  as  defined  in  Claim  1  ,  wherein  so 
the  inner  bladder  14  is  a  sealable  polymer  plastic 
bag. 

55 
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