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(54)  Knitted  textile  fabric  with  integrated  fluid-containing  or  -conveying  tubular  segments  

(57)  A  knitted  textile  fabric  containing  integrated 
fluid-carrying  tubes  is  fabricated  of  yarn  formed  into 
interlooped  stitches  arranged  in  longitudinal  wales  and 
transverse  courses  throughout  the  fabric  structure,  with 
plural  elongate  hollow  tubular  segments  integrated  with 
the  yarn  into  the  fabric  structure  and  spaced  essentially 
in  parallel  relation  to  one  another.  The  fabric  structure  is 

preferably  warp  knitted,  one  embodiment  of  which  has 
the  tubular  segments  extending  longitudinally  in 
selected  spaced  wales  and  another  embodiment  of 
which  has  the  tubular  segments  extending  coursewise 
in  selected  spaced  courses. 

Fig.  1 

Printed  by  Xerox  (UK)  Business  Services 
2.16.7/3.6 



1 EP  0  959  163  A2 2 

Description 

BACKGROUND  OF  THE  INVENTION 

[0001]  The  present  invention  relates  generally  to  tex-  s 
tile  fabrics,  especially  knitted  textile  fabrics,  and  relates 
more  particularly  to  a  novel  knitted  textile  fabric  having 
elongate  hollow  tubular  segments  integrated  into  the 
fabric  structure  for  use  in  containing  or  conveying  fluids 
across  the  fabric  structure.  10 
[0002]  Tubes  and  pipes  of  varying  shapes  and  sizes 
are  commonly  used  for  containing  and  conveying  fluids, 
and  especially  for  conveying  heating  and/or  cooling  flu- 
ids.  In  various  environments,  such  tubes  or  pipes  may 
be  incorporated  into  a  substrate  or  the  like  for  structural  is 
support  and  to  retain  the  tubes  or  pipes  in  a  desired 
position,  orientation  or  relationship.  For  example,  in 
recent  years,  it  has  become  common  in  luxury  automo- 
biles  to  provide  active  heating  or  cooling  of  the  automo- 
bile  seats  from  interiorly  within  the  seat  structure,  in  20 
addition  to  actively  cooling  and  heating  the  atmosphere 
within  the  interior  passenger  compartment  of  the  auto- 
mobile.  One  means  of  accomplishing  the  cooling/heat- 
ing  of  an  automobile  seat  is  to  incorporate  fluid-carrying 
tubes,  pipes  or  passageways  into  the  seat  structure.  As  25 
disclosed  in  U.S.  Patent  No.  3,738,702,  assigned  to 
General  Motors  Corporation,  such  tubes,  pipes  or  pas- 
sageways  may  be  formed  or  contained  within  the  foam 
cushioning  commonly  utilized  in  such  seats. 
[0003]  While  textile  fabrics  have  found  numerous  and  30 
diverse  uses  and  applications  across  a  wide  variety  of 
differing  industries,  including  the  automobile  industry,  it 
is  believed  that  the  concept  of  incorporating  fluid-carry- 
ing  tubes  or  pipes  into  the  structure  of  a  textile  fabric 
has  not  heretofore  been  proposed  or  attempted,  but  35 
given  the  economies  which  can  be  realized  from  the 
automated  fabrication  of  textile  fabrics,  such  a  compos- 
ite  fabric  with  integrated  fluid-carrying  tubes  or  pipes 
could  offer  not  only  cost  savings  but  also  expanded 
industrial  applications  for  textile  fabrics,  such  as  in  fabri-  40 
eating  heated/cooled  automobile  seat  structures  as  one 
potential  application. 

SUMMARY  OF  THE  INVENTION 
45 

[0004]  It  is  accordingly  an  object  of  the  present  inven- 
tion  to  provide  a  textile  fabric  structure  having  hollow 
elongated  tubular  segments  integrated  therein  to 
accommodate  any  of  various  and  sundry  potential  appli- 
cations  in  which  it  would  be  desirable  or  advantageous  so 
to  provide  a  supporting  substrate  for  such  pipes  or 
tubes.  A  more  particular  object  of  the  present  invention 
is  to  form  such  a  composite  product  utilizing  a  knitted 
fabric  structure,  particularly  a  warp  knitted  fabric  struc- 
ture.  A  further  object  is  to  provide  a  means  for  selective  55 
disposition  and  orientation  of  such  pipes  or  tubes  in  the 
fabric  structure,  either  in  a  direction  longitudinally  along 
the  fabric  or  transversely  across  the  fabric. 

[0005]  These  and  other  objects  and  advantages  are 
accomplished  in  accordance  with  the  present  invention 
by  a  knitted  textile  fabric  basically  comprising  one  or 
more  yarns  formed  into  inter-looped  stitches  defining  a 
fabric  structure  having  a  longitudinal  extent  and  a  trans- 
verse  extent  wherein  the  yarn  stitches  are  aligned  longi- 
tudinally  in  a  plurality  of  essentially  parallel  wales  and 
transversely  in  a  plurality  of  essentially  parallel  courses 
perpendicular  to  the  wales.  In  accordance  with  the 
present  invention,  a  plurality  of  elongate  hollow  tubular 
segments  are  integrated  with  such  yarn  into  the  fabric 
structure  in  spaced  essentially  parallel  relation  to  one 
another  such  that  the  tubular  segments  are  adapted  for 
carrying  a  fluid,  e.g.,  by  connecting  the  respective  ends 
of  the  tubular  segments  to  fluid-distributing  intake  and 
exhaust  manifolds  for  conveying  a  fluid  across  the  fabric 
structure. 
[0006]  Various  embodiments  of  the  knitted  textile  fab- 
ric  of  the  present  invention  are  contemplated.  For  exam- 
ple,  in  an  embodiment  presently  contemplated  to  be  a 
preferred  embodiment,  the  fabric  structure  may  be  a 
warp  knitted  structure,  preferably  formed  of  a  dimen- 
sionally  stable  stitch  pattern,  e.g.,  an  at  least  two-bar 
knitted  structure  fabricated  of  two  sets  of  warp  yarns 
one  formed  in  a  walewise  chain  stitch  pattern  (such  as 
a  repeating  0-1,  1-0  pattern)  and  the  other  formed  in  a 
coursewise  inlay  pattern  (such  as  a  4-4,  0-0  pattern), 
with  an  additional  set  of  weft  inserted  yarns  also  extend- 
ing  coursewise. 
[0007]  In  one  variation  of  such  a  warp-knitted  compos- 
ite  fabric,  the  stitches  are  omitted  from  selected  spaced 
wales  and  the  tubular  segments  are  disposed  longitudi- 
nally  within  these  selected  spaced  wales  and  retained 
therein  by  the  yarns  of  the  fabric  structure,  whereby  the 
tubular  segments  extend  walewise  (i.e.  longitudinally) 
along  the  length  of  the  knitted  fabric.  In  an  alternative 
variation  of  the  preferred  warp  knitted  fabric  embodi- 
ment,  the  tubular  segments  are  weft  inserted  course- 
wise  within  the  stitches  of  selected  spaced  courses, 
thereby  to  extend  transversely  across  the  width  of  the 
fabric  structure. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0008] 

Figure  1  is  a  schematic  diagram  depicting  the  fabric 
structure,  and  the  individual  stitch  patterns  for  the 
constituent  yarns  thereof,  in  one  variation  of  the 
preferred  warp  knitted  embodiment  of  the  textile 
fabric  of  the  present  invention;  and 
Figure  2  is  another  schematic  diagram,  similar  to 
Figure  1  ,  depicting  the  fabric  structure  and  the  indi- 
vidual  stitch  patterns  of  the  constituent  yarns 
thereof,  in  another  variation  of  the  preferred  warp 
knitted  embodiment  of  the  textile  fabric  of  the 
present  invention. 
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DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

[0009]  As  explained  more  fully  herein,  the  preferred 
embodiment  of  the  fabric  of  the  present  invention  is  pro- 
duced  on  a  warp  knitting  machine  which  may  be  of  any  5 
conventional  type  of  an  at  least  two-bar  construction 
having  two  or  more  yarn  guide  bars  and  a  needle  bar, 
e.g.,  a  conventional  tricot  warp  knitting  machine.  The 
construction  and  operation  of  such  machine  are  well 
known  in  the  warp  knitting  art  and  need  not  herein  be  to 
specifically  described  and  illustrated.  In  the  following 
description  of  exemplary  embodiments  of  the  invention, 
the  yarn  guide  bars  of  a  two-bar  knitting  machine  are 
identified  as  "top"  and  "bottom"  guide  bars  and  the  yarn 
guide  bars  of  a  three-bar  knitting  machine  are  identified  is 
as  "top,"  "middle"  and  "bottom"  guide  bars  for  refer- 
ences  purposes  only  and  not  by  way  of  limitation.  As 
those  persons  skilled  in  the  art  will  understand,  such 
terms  equally  identify  knitting  machines  whose  guide 
bars  may  be  referred  to  as  "front,"  "middle"  and  "back"  20 
guide  bars,  which  machines  of  course  are  not  to  be 
excluded  from  the  scope  and  substance  of  the  present 
invention.  As  further  used  herein,  the  "bar  construction" 
of  a  warp  knitting  machine  refers  to  the  number  of  yarn 
guide  bars  of  the  machine,  while  the  "bar  construction"  25 
of  a  warp  knitted  fabric  refers  to  the  number  of  different 
sets  of  warp  yarns  included  in  the  fabric,  all  as  is  con- 
ventional  terminology  in  the  art. 
[001  0]  Referring  now  initially  to  Figure  1  of  the  accom- 
panying  drawings,  one  particular  embodiment  of  the  30 
present  textile  fabric  is  illustrated  as  preferably  warp 
knitted  of  a  three-bar  construction  on  a  three-bar  weft 
insertion  warp  knitting  machine.  As  is  conventional,  the 
needle  bar  of  the  warp  knitting  machine  carries  a  series 
of  aligned  knitting  needles,  while  each  guide  bar  of  the  35 
machine  carries  a  series  of  guide  eyes,  the  needle  and 
guide  bars  preferably  having  the  same  gauge,  i.e.,  the 
same  number  of  needles  and  guide  eyes  per  inch. 
[001  1  ]  According  to  the  illustrated  embodiment  of  the 
present  fabric,  the  top  guide  bar  of  the  machine  is  uti-  40 
lized  for  feeding  the  elongate  tubes  T  and  therefore  is 
equipped  with  tube  guide  elements  (not  shown)  at 
selected  spacings  along  the  guide  bar.  Any  desired 
spacing  of  the  tube  guides  may  be  utilized  and  the  spac- 
ings  may  be  regular  or  irregular.  In  the  illustrated  fabric  45 
of  Figure  1  ,  the  tubes  T  are  fed  at  a  regular  spacing  of 
sixteen  intervening  needles,  merely  for  purposes  of 
illustration  and  by  way  of  example.  Within  the  area  at 
which  the  tubes  T  are  fed,  an  appropriate  number  of 
needles  are  removed  from  the  needle  bar  of  the  so 
machine  to  accommodate  and  avoid  interference  with 
the  tubes  T.  In  Figure  1  ,  two  needles  are  shown  to  have 
been  removed  for  each  tube  T,  but  it  is  to  be  understood 
that  the  number  of  removed  needles  may  be  more  or 
less  depending  upon  the  gauge  of  the  knitting  machine  55 
and  the  size  and  spacing  of  the  tubes. 
[001  2]  The  middle  guide  bar  is  threaded  with  a  set  of 
inlay  yarns  12  delivered  from  a  warp  beam  (not  shown) 

through  substantially  every  guide  eye  except  two  guide 
eyes  corresponding  to  each  omitted  pair  of  needles  and 
two  additional  guide  eyes  spaced  one  needle  leftwardly 
(as  viewed  in  Fig.  1)  therefrom.  The  bottom  guide  bar  is 
threaded  with  a  set  of  ground  yarns  10  supplied  from 
another  warp  beam  (also  not  shown)  on  every  guide  eye 
except  two  guide  eyes  corresponding  to  each  pair  of 
needles  omitted  from  the  needle  bar.  The  warp  knitting 
machine  additionally  includes  a  weft  insertion  device 
supplied  with  a  filling  yarn  14  to  be  inserted  across  the 
needles  of  the  needle  bar  as  the  fabric  is  formed,  as 
more  hilly  explained  below. 
[001  3]  While  it  is  contemplated  that  a  variety  of  yarns 
may  be  suitable  for  use  as  the  ground,  inlay  and  filling 
yarns,  it  is  preferred  that  the  yarns  be  relatively  inelastic 
so  as  to  contribute,  along  with  the  stitch  construction  of 
the  fabric,  to  the  dimensional  stability  of  the  fabric.  For 
example,  any  of  a  variety  of  conventional  multifilament 
synthetic  yarns,  particularly  polyester  and  nylon  yarns, 
would  be  suitable  for  use  as  any  or  all  of  the  ground, 
inlay  and  filling  yarns.  The  denier  of  the  yarns  may  vary 
depending  upon  the  desired  weight  and  stiffness  of  the 
fabric  and  its  intended  application  or  end  use.  Various 
types  and  sizes  of  the  tubes  T  may  likewise  be  utilized 
according  to  the  intended  use  and  application  thereof, 
but  in  most  cases  it  is  contemplated  that  tubes  of  a 
thermo-plastic  material  sufficiently  flexible  to  perform  in 
the  knitting  process  but  otherwise  sufficiently  stiff  and 
rigid  to  resist  deformation  and  collapse  in  use  will  be 
preferred. 
[0014]  In  the  accompanying  Figure  1  ,  the  stitch  con- 
structions  of  the  ground,  inlay  and  filling  yarns  10,12,14, 
as  carried  out  by  the  respective  lateral  traversing  move- 
ments  of  the  guide  bars  of  the  knitting  machine  and  the 
simultaneous  action  of  the  weft  insertion  device  accord- 
ing  to  one  preferred  embodiment  of  the  present  fabric, 
are  illustrated  in  a  traditional  dot  or  point  diagram  for- 
mat,  wherein  the  individual  points  15  represent  the  nee- 
dles  of  the  needle  bar  of  the  knitting  machine  in  the 
formation  of  several  successive  fabric  courses  C  across 
several  successive  fabric  wales  W.  According  to  this 
embodiment,  the  bottom  (or  back)  guide  bar  of  the  warp 
knitting  machine  manipulates  the  set  of  ground  yarns  1  0 
as  they  are  fed  from  their  respective  warp  beam  to 
traverse  laterally  back  and  forth  relative  to  the  needle 
bar  of  the  machine  to  stitch  the  ground  yarns  10  on 
every  needle  15  present  in  the  needle  bar  of  the 
machine  in  a  repeating  0-1,  1-0  chain  stitch  pattern.  To 
assist  in  an  understanding  of  the  invention,  the  location 
of  the  needles  which  have  been  removed  from  the  nee- 
dle  bar  are  identified  at  points  15A,  it  being  understood 
that  such  points  1  5A  represent  missing  needles  and  not 
active  present  needles.  Similarly,  the  middle  guide  bar 
simultaneously  manipulates  the  set  of  inlay  yarns  12  as 
they  are  fed  from  their  respective  warp  beam  to  traverse 
back  and  forth  relative  to  the  needle  bar  by  a  travel  dis- 
tance  of  four  needle  locations  15,  1  5A  to  lay  the  yams 
12  without  stitch  formation  about  the  needles  15  in  a 
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repeating  4-4,  0-0  inlay  pattern.  Simultaneously,  the 
weft  insertion  device  of  the  knitting  machine  is  activated 
during  the  formation  of  each  successive  fabric  course  to 
insert  the  filling  yam  14  weftwise  through  the  chain 
stitch  needle  loops  of  the  ground  yarn  1  0.  As  the  relative  5 
knitting  actions  of  the  needle  bar,  the  middle  and  bottom 
guide  bars,  and  the  weft  insertion  device  are  executed, 
the  top  guide  bar  serves  to  insert  the  spaced  tubes  T 
between  the  inlay  yarns  1  2  and  the  filling  yarns  1  4  along 
the  length  of  the  fabric  in  the  spaced  areas  of  the  miss-  w 
ing  needles  15A. 
[0015]  As  will  thus  be  understood,  the  ground,  inlay 
and  filling  yarns  10,12,14  are  interknitted  with  one 
another  by  formation  of  chain  stitch  needle  loops  10n  of 
the  ground  yarns  1  0  longitudinally  within  each  wale  W  of  is 
each  course  C  of  the  resultant  fabric  except  the  wales 
W1  corresponding  to  the  removed  needle  locations 
15A,  with  the  inlay  yarns  12  and  the  filling  yarn  14 
extending  transversely,  i.e.  coursewise,  through  each 
needle  loop  1  2n  of  the  ground  yarns  1  2  in  each  wale  W  20 
and  across  the  wales  W1  of  each  course  C.  More  spe- 
cifically,  the  inlay  pattern  followed  by  the  inlay  yarns  12 
causes  each  of  the  yarns  to  traverse  coursewise  back 
and  across  four  wales  W,  W1  in  each  course  C,  while 
each  filling  yarn  1  4  extends  the  full  width  of  the  fabric  in  25 
each  course  C.  The  inlay  and  filling  yarns  12,14  appear 
at  opposite  faces  of  the  resultant  fabric  and  therefore 
capture  the  tubes  T  therebetween  within  each  spaced 
pair  of  wales  W1  . 
[0016]  As  those  persons  skilled  in  the  art  will  recog-  30 
nize,  the  respective  stitch  and  inlay  patterns  followed  by 
the  yarns  10,12,14  cooperate  to  integrate  one  another 
into  a  fabric  structure  having  a  high  degree  of  dimen- 
sional  stability  and  integrity,  i.e.  a  high  resistance  to 
stretchability,  the  chain  stitch  pattern  of  the  ground  35 
yarns  10  resisting  walewise  stretchability  while  the 
coursewise  orientations  of  the  inlay  and  filling  yarns 
resist  coursewise  stretchability.  The  tubes  T  are  there- 
fore  securely  held  in  a  walewise  essentially  linear  orien- 
tation  in  spaced  parallel  relation  to  one  another.  40 
[001  7]  An  alternative  embodiment  of  the  present  tex- 
tile  fabric  is  shown  in  Figure  2.  The  fabric  of  Figure  2  is 
similar  to  that  of  Figure  1  in  that  the  fabric  structure 
comprises  ground,  inlay  and  filling  yarns  110,112,114 
interknitted  with  one  another  in  the  identical  stitch,  inlay  45 
and  weft  insertion  patterns  as  the  above-described  fab- 
ric  illustrated  in  Figure  1  .  The  fabric  of  Figure  2  differs 
from  that  of  Figure  1  in  that  the  tubes  T  are  inserted 
coursewise  utilizing  the  weft  insertion  device,  whereby 
this  fabric  may  be  formed  on  a  two-bar  weft-insertion  so 
warp  knitting  machine.  Thus,  no  needles  have  been 
omitted  from  the  needle  bar  and  the  bottom  and  top 
guide  bars  are  filly  threaded  with  the  ground  and  inlay 
yarns  100,1  12,  i.e.,  every  guide  eye  in  the  bottom  guide 
bar  carries  a  ground  yarn  110  and  every  guide  eye  in  55 
the  top  guide  bar  carries  an  inlay  yarn  112,  whereby  the 
ground  and  inlay  yarns  110,112  are  formed  in  every 
wale  W  of  every  course  C.  The  filling  yarn  14  in  this  fab- 

ric  is  inserted  weftwise  in  every  course  C,  except 
selected  spaced  courses  C1  ,  in  which  courses  C1  the 
tubes  T  are  inserted  weftwise  by  the  weft  insertion 
device  to  extend  coursewise  through  the  needle 
loops/1  On  of  the  ground  yarns/1  0  within  such  courses 
C1  for  the  full  transverse  width  of  the  fabric.  Otherwise, 
the  selection  of  yarn  type,  yarn  size,  machine  gauge, 
tube  size  and  type,  etc.,  may  be  varied  in  similar  manner 
and  according  to  essentially  the  same  parameters  and 
criteria  as  discussed  above  in  connection  with  the  fabric 
of  Figure  1  .  The  stitch,  inlay  and  weft  insertion  patterns 
followed  by  the  ground,  inlay  and  filling  yarns 
110,112,114  form  a  dimensionally  stable  fabric  struc- 
ture  in  which  the  tubes  T  are  securely  retained  course- 
wise  in  spaced  substantially  parallel  relation  to  one 
another. 
[0018]  The  advantages  and  potential  applications  of 
the  fabric  of  the  present  invention  will  be  readily  recog- 
nized  and  understood  by  those  persons  skilled  in  the 
art.  The  ability  to  fabricate  a  substrate  containing 
spaced  parallel  fluid-carrying  tubes  utilizing  a  conven- 
tional  warp  knitting  machine  offers  economies  and  cost 
savings  over  conventional  substrate-forming  techniques 
and  processes,  without  affecting  the  functionality  and 
range  of  potential  applications  to  which  the  composite 
fabric  may  be  put.  While  the  dimensional  stability  of  the 
fabric  is  effective  to  securely  retain  the  tubes  T  in 
desired  disposition  within  the  fabric  structure  and  with 
respect  to  one  another,  the  flexibility  of  textile  fabrics  in 
general  and  the  described  fabric  in  particular,  and  the 
inherent  ability  of  such  fabric  to  be  cut  as  desired  to  any 
selected  shape  and/or  size,  together  with  the  appropri- 
ate  selectability  of  tubes  T  of  differing  sizes,  flexibilities 
and  other  physical  characteristics,  enables  the  fabric  of 
the  present  invention  to  be  adapted  to  many  various 
configurations  and  potential  applications.  In  any  given 
application,  little  difficulty  is  anticipated  in  connecting 
the  exposed  ends  of  the  respective  tubes  at  opposite 
sides  or  opposite  ends  of  the  fabric  (depending  upon 
the  embodiment  of  the  fabric)  with  one  another  by  the 
use  of  connector  elbows  or  the  like,  and/or  with  appro- 
priate  intake  and  exhaust  tubing  or  manifolds.  The  abil- 
ity  of  textile  fabrics  to  be  laminated  to  or  otherwise 
incorporated  with  other  substrates  or  materials  is  well 
known,  which  further  enhances  the  range  of  potential 
applications  possible  for  the  present  fabric.  By  way  of 
example  but  without  limitation,  it  is  contemplated  that 
the  present  fabric  could  be  laminated  or  otherwise 
bonded  to  a  foam  substrate  for  use  in  applications  such 
as  carrying  heated  or  cooled  fluid  within  automobile 
seats.  In  other  applications,  the  opposite  ends  of  the 
tubes  could  be  sealed  so  as  to  contain  air  or  other  gas 
therewithin,  to  improve  or  enhance  the  flotation  charac- 
teristics  of  the  fabric,  whereby  the  fabric  would  have 
increased  potential  application  in  flotation  devices. 
Many  other  potential  uses  and  applications  for  the 
present  fabric  are  contemplated  to  be  possible,  and 
therefore  the  present  fabric  is  not  intended  to  be  limited 
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to  the  examples  discussed  above. 
[001  9]  It  will  therefore  be  readily  understood  by  those 
persons  skilled  in  the  art  that  the  present  invention  is 
susceptible  of  broad  utility  and  application.  Many 
embodiments  and  adaptations  of  the  present  invention 
other  than  those  herein  described,  as  well  as  many  var- 
iations,  modifications  and  equivalent  arrangements,  will 
be  apparent  from  or  reasonably  suggested  by  the 
present  invention  and  the  foregoing  description  thereof, 
without  departing  from  the  substance  or  scope  of  the 
present  invention.  Accordingly,  while  the  present  inven- 
tion  has  been  described  herein  in  detail  in  relation  to  its 
preferred  embodiment,  it  is  to  be  understood  that  this 
disclosure  is  only  illustrative  and  exemplary  of  the 
present  invention  and  is  made  merely  for  purposes  of 
providing  a  fill  and  enabling  disclosure  of  the  invention. 
The  foregoing  disclosure  is  not  intended  or  to  be  con- 
strued  to  limit  the  present  invention  or  otherwise  to 
exclude  any  such  other  embodiments,  adaptations,  var- 
iations,  modifications  and  equivalent  arrangements,  the 
present  invention  being  limited  only  by  the  claims 
appended  hereto  and  the  equivalents  thereof. 

Claims 

1.  A  knitted  textile  fabric  comprising  yarn  formed  into 
interlooped  stitches  defining  a  fabric  structure  hav- 
ing  a  longitudinal  extent  and  a  transverse  extent 
wherein  the  stitches  are  aligned  longitudinally  in  a 
plurality  of  essentially  parallel  wales  and  trans- 
versely  in  a  plurality  of  essentially  parallel  courses 
perpendicular  to  the  wales,  and  a  plurality  of  elon- 
gate  hollow  tubular  segments  integrated  with  the 
yarn  into  the  fabric  structure  in  spaced  essentially 
parallel  relation  to  one  another,  the  tubular  seg- 
ments  being  adapted  for  carrying  a  fluid. 

2.  A  knitted  textile  fabric  according  to  claim  1  ,  wherein 
the  tubular  segments  extend  coursewise  of  the  fab- 
ric  structure. 

3.  A  knitted  textile  fabric  according  to  claim  1  ,  wherein 
the  tubular  segments  extend  walewise  of  the  fabric 
structure. 

4.  A  knitted  textile  fabric  according  to  claim  1  ,  wherein 
the  fabric  structure  is  a  warp  knitted  structure. 

5.  A  knitted  textile  fabric  according  to  claim  4,  wherein 
the  warp  knitted  structure  is  a  dimensionally  stable 
knitted  structure. 

6.  A  knitted  textile  fabric  according  to  claim  5,  wherein 
the  warp  knitted  structure  is  an  at  least  two-bar  knit- 
ted  structure  comprising  two  sets  of  interlooped 
warp  yarns. 

7.  A  knitted  textile  fabric  according  to  claim  6,  wherein 

one  set  of  the  warp  yarns  are  formed  in  a  walewise 
chain  stitch  pattern  and  the  other  set  of  the  warp 
yarns  are  formed  in  a  coursewise  inlay  pattern. 

5  8.  A  knitted  textile  fabric  according  to  claim  7,  wherein 
said  one  set  of  the  warp  yarns  are  formed  in  a  0-1  , 
1-0  chain  stitch  pattern  and  said  other  set  of  the 
warp  yarns  are  formed  in  a  4-4,  0-0  inlay  pattern. 

10  9.  A  knitted  textile  fabric  according  to  claim  4,  wherein 
the  stitches  are  omitted  from  selected  spaced 
wales  and  the  tubular  segments  are  disposed  longi- 
tudinally  within  the  selected  spaced  wales. 

15  1  0.  A  knitted  textile  fabric  according  to  claim  4,  wherein 
the  tubular  segments  are  welt  inserted  to  extend 
coursewise  within  the  stitches  of  selected  spaced 
courses. 
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