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a.  Field  of  the  Invention 

The  field  of  the  invention  pertains  to  manifolds  for 
splitting  a  fluid  flow,  more  specifically,  manifolds  that 
uniformly  split  fluid  from  an  inlet  passage  among  a 
multiplicity  of  outlet  passages. 

b.  Background  Art 

Splitting  a  quantity  of  fluid  into  equal  portions  is 
useful  for  many  reasons.  For  example,  a  sample  of 
fluid  may  be  evenly  distributed  among  the  wells  of  a 
microtitration  plate  ("plate"  or  "microplate")  or  among 
a  group  of  test  tubes.  In  this  manner,  research  may  be 
conducted  on  several  uniform  samples  at  the  same 
time,  accelerating  the  research  and  allowing  fordirect 
correlation  of  results. 

One  existing  method  used  to  split  a  quantity  of 
fluid  into  approximately  equal  portions  involves  ded- 
icating  a  costly  pump  or  syringe  to  each  outlet  pas- 
sage.  A  common  and  less  expensive  method  used  for 
dispensing  fluid  into  a  microplate  entails  passing  the 
fluid  through  a  manifold.  The  instant  invention  relates 
to  this  latter  method. 

Customarily,  a  manifold  comprises  multiple  ports 
or  passages  inserted  into  an  elongated  cylindrical 
cavity.  Fluid  is  introduced  into  the  cavity  and  subse- 
quently  dispersed  through  outlet  ports  into  a  recepta- 
cle  (e.g.,  a  microplate).  A  manifold  with  only  two  sym- 
metrically  placed  outlet  passages  would  have  a  near- 
ly  equal  flow  from  its  outlet  passages.  However,  mani- 
folds  with  more  than  two  outlet  passages  are  the 
most  useful,  and  the  more  outlet  passages,  the  great- 
er  the  flow  disparity. 

In  a  typical  manifold,  the  number  of  outlet  pas- 
sages  is  designed  to  match  the  number  of  wells  in  a 
single  column  of  a  microplate,  which  has  several  col- 
umns  of  wells.  In  this  manner,  the  manifold  may  fill 
the  microplate  one  column  at  a  time.  Thus,  Manifolds 
having  either  eight  or  twelve  outlet  passages  are 
common.  The  outlet  passages  are  positioned,  not 
necessarily  symmetrically,  on  each  side  of  the  inlet 
passage.  Accordingly,  the  flow  from  each  of  the  outlet 
passages  is  not  uniform  in  the  absence  of  a  flow  mod- 
ifying  device  such  as  the  instant  invention. 

In  the  operation  of  a  typical  manifold  for  micro- 
plate  dispersion  applications,  the  manifold  is  first 
primed  to  eliminate  the  manifold's  "dead  volume"  (i.e., 
the  volume  of  fluid  needed  to  fill  the  manifold  before 
useful  dispensing  can  start).  Then,  a  volume  of  fluid 
equal  to  the  volume  desired  for  each  well  in  a  single 
column  of  the  microplate  times  the  number  of  outlet 
passages  (which  equals  the  number  of  wells  in  a  sin- 
gle  column  of  wells),  is  dispensed  into  the  inlet  pas- 
sage  of  the  manifold.  Ideally,  the  manifold  then  even- 
ly  disperses  the  flow  among  the  microplate  wells  of 
the  column.  However,  the  flow  from  the  outlet  pas- 
sages  nearest  the  inlet  passage  is  typically  less  than 

the  flow  from  the  outlet  passages  most  distant  from 
the  inlet  passage.  This  discrepant  flow  pattern  results 
from  the  internal  flow  dynamics  of  the  manifold,  which 
must  be  adjusted  to  balance  the  flow. 

5 
Summary  of  the  Invention 

The  instant  invention  adjusts  the  internal  flow  dy- 
namics  of  a  manifold  by  modifying  the  cross-sectional 

10  area  of  the  elongated  manifold  cavity.  Modification  of 
the  cross-sectional  area  may  be  achieved  in  a  num- 
ber  of  ways.  One  or  more  inserts  may  be  placed  in  the 
interior  cavity  of  the  manifold,  each  insert  having  a 
nonconstant  cross-sectional  area  designed  to  com- 

15  pensate  for  the  differential  flow  characteristics  within 
the  manifold.  Alternatively,  the  interior  of  the  manifold 
itself  may  be  formed  with  a  nonconstant  cross- 
sectional  area  designed  to  compensate  for  the  differ- 
ential  flow  characteristics  within  the  manifold. 

20  In  a  first  preferred  embodiment,  the  manifold  has 
multiple  outlet  passages  and  a  single  inlet  passage 
perpendicular  or  parallel  to  the  longitudinal  axis  of  the 
manifold  main  body.  The  flow  dynamics  are  modified 
in  this  embodiment  either  by  inserting  one  insert  into 

25  each  end  of  the  manifold  cavity  or  by  inserting  a  sin- 
gle  longer  insert  into  one  end  of  the  cavity.  This  ar- 
rangement  makes  it  possible  to  use  the  common  and 
inexpensive  method  of  pressing  multiple  ports  or  pas- 
sages  into  an  elongated  cylindrical  cavity  to  make  a 

30  manifold  and  yet  allows  the  user  to  compensate  for 
the  otherwise  disparate  flow  from  the  outlet  passag- 
es. 

In  another  preferred  embodiment,  the  inserts 
are,  in  effect,  built  into  the  interior  walls  of  the  mani- 

35  fold  cavity.  In  this  embodiment,  the  flow  dynamics  are 
adjusted  by  the  shape  of  the  interior  of  the  cavity  it- 
self,  and  no  inserts  are  required. 

Accordingly,  it  is  an  object  of  the  disclosed  inven- 
tion  to  provide  a  relatively  inexpensive  manifold  with 

40  improved  flow-splitting  characteristics,  resulting  in 
uniform  or  nearly  uniform  flows  among  its  outlet  pas- 
sages.  The  instant  invention  can  achieve  this  objec- 
tive  while  reducing  the  "dead  volume"  of  the  manifold. 
Other  objects  of  the  disclosed  invention  will  be  appa- 

45  rent  from  the  following  description. 

Brief  Description  of  the  Drawings 

The  present  invention  will  be  understood  more 
so  fully  from  the  detailed  description  given  below  and 

from  the  accompanying  drawings  of  the  preferred 
embodiments  of  the  invention.  The  drawings  should 
not  be  taken  to  limit  the  invention  to  these  specific 
embodiments,  but  are  for  explanation  and  under- 

55  standing  only. 
Fig.  1  is  a  perspective  view  of  a  first  embodiment 
of  the  present  invention  with  an  insert  removed 
from  one  end,  shown  above  a  partial  drawing  of 

2 
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an  eight  row  microtitration  plate  ("microplate"  or 
"plate"),  which  could  receive  the  fluid  after  it  is 
uniformly  divided  by  the  manifold; 
Fig.  2  is  a  view  of  a  manifold  in  accordance  with 
a  first  embodiment  of  the  present  invention  from 
a  direction  perpendicular  to  the  longitudinal  axis 
of  the  manifold,  showing  internal  features  in 
phantom; 
Fig.  3  is  a  second  view  of  the  manifold  features 
depicted  in  Fig.  2,  taken  along  section  3-3  of  that 
figure; 
Fig.  4  illustrates  a  second  manifold  in  accordance 
with  a  first  embodiment  of  the  present  invention 
from  a  direction  perpendicular  to  the  longitudinal 
axis  of  the  manifold,  showing  some  internal  fea- 
tures  in  phantom,  but  not  showing  an  insert; 
Fig.  5  is  a  second  view  of  the  manifold  features 
depicted  in  Fig.  4,  taken  along  section  5-5  of  that 
figure; 
Figs.  6  and  7  illustrate  two  views,  one  rotated  90 
degrees  about  the  longitudinal  axis  of  the  other 
one,  of  an  insert  that  may  be  used  with  a  manifold 
in  accordance  with  a  first  embodiment  of  the 
present  invention; 
Fig.  8  is  a  view  in  partial  section  of  a  manifold  in 
accordance  with  a  second  embodiment  of  the 
present  invention; 
Fig.  9  is  a  second  view  of  the  manifold  depicted 
in  Fig.  8,  taken  along  section  9-9  of  that  figure; 
and 
Fig.  10  is  a  plot  portraying  the  beneficial  effect  of 
altering  the  flow  within  the  manifold  according  to 
a  first  embodiment  of  the  present  invention. 

Description  of  the  Preferred  Embodiments 

The  flow  dynamics  within  a  manifold  10  may  be 
changed  by  modifying  the  cross-sectional  area  of  the 
manifold's  elongated  cavity  1  3.  The  following  detailed 
description,  taken  in  conjunction  with  the  accompany- 
ing  drawings,  provides  a  further  understanding  of  how 
the  present  invention  modifies  the  cross-sectional 
area  within  a  manifold  10  to  balance  the  output  from 
the  outlet  passages  16. 

In  a  first  preferred  embodiment,  shown  in  Figs.  1- 
5,  the  cross-sectional  area  19  of  the  elongated  cavity 
13  is  adjusted  by  placing  one  or  more  inserts  22  into 
the  cavity  13.  In  a  second  preferred  embodiment, 
shown  in  Figs.  8  and  9,  an  alternative  method  of  ad- 
justing  the  cross-sectional  area  19  of  the  elongated 
cavity  13  is  depicted.  This  latter  method  involves 
molding  the  elongated  cavity  13  into  a  shape  that 
compensates  for  the  flow  characteristics  within  the 
cavity  1  3. 

Referring  initially  to  Figs.  1-7,  two  variations  of 
the  first  preferred  embodiment  of  the  present  inven- 
tion  are  described.  The  first  variation  is  depicted  in 
Figs.  1-3,  the  second  variation  is  depicted  in  Figs.  4 

and  5;  and,  although  many  shapes  for  insert  22  are 
possible,  a  typical  insert  22  is  depicted  in  Figs.  6  and 
7. 

The  first  variation  (with  an  inlet  passage  25  per- 
5  pendicular  to  the  longitudinal  axis  28)  may  employ 

one  or  two  of  the  inserts  22  depicted  in  Figs.  6  and 
7.  If  a  single  insert  22  is  used,  it  may  be  inserted  into 
either  the  first  end  31  or  the  second  end  34  of  the 
elongated  cavity  1  3,  and  the  insert  22  would  span  the 

10  distance  between  the  ends  31  ,  34  of  the  cavity  1  3.  Al- 
ternatively,  as  shown  in  Fig.  2,  one  insert  22  may  be 
placed  into  the  first  end  31  ,  and  another  insert  22  may 
be  placed  in  the  second  end  34  of  the  manifold  10.  In 
this  latter  configuration,  one  insert  22  spans  the  dis- 

15  tance  from  the  first  end  31  approximately  to  the  inlet 
passage  25,  and  the  other  insert  22  spans  the  dis- 
tance  from  the  second  end  34  approximately  to  the  in- 
let  passage  25. 

Assuming  that  two  inserts  are  used  and  referring 
20  to  Figs.  1-3,  6,  and  7,  the  construction  of  a  manifold 

1  0  according  to  a  first  variation  of  a  first  embodiment 
is  now  described.  A  main  body  37,  which  spans  ap- 
proximately  3.3  inches  from  its  first  end  31  to  its  sec- 
ond  end  34,  is  fashioned  from  a  hollow  tube  (approx- 

25  imately  0.25  inches  in  main  body  outside  diameter  40 
and  0.178  inches  in  main  body  inside  diameter  43), 
forming  an  elongated  cavity  13  therein.  Eight  smaller 
tubes  (approximately  0.045  inches  in  outside  diame- 
ter)  are  then  pressed  into  the  bottom  of  the  main  body 

30  37.  The  smaller  tubes  form  the  outlet  passages  16  of 
the  manifold  10  and  split  the  flow  from  the  inlet  pas- 
sage  25.  These  outlet  passages  1  6  are  approximately 
0.6  inches  in  total  length  and  protrude  approximately 
0.45  inches  away  from  the  exterior  surface  of  the 

35  main  body  37.  Another  tube  (approximately  0.085  in- 
ches  in  outside  diameter)  is  pressed  into  the  top  cen- 
ter  of  the  main  body  37  at  a  cavity  inlet  point  103  to 
form  an  inlet  passage  25. 

After  the  main  structures  of  the  manifold  10  are 
40  assembled  as  just  described,  inserts  22  are  placed 

into  the  elongated  cavity  13.  A  sketch  of  an  insert  22 
about  to  be  introduced  into  the  first  end  31  of  the  main 
body  37  is  presented  as  Fig.  1.  Atypical  insert  22  de- 
sign  for  this  first  variation  is  presented  in  Figs.  6  and 

45  7.  In  this  design,  the  overall  insert  length  46  is  ap- 
proximately  1.4  inches.  The  distance  between  the 
first  leg  49  and  second  leg  52  is  the  leg  separation 
distance  55,  which  is  approximately  0.063  inches.  In 
this  first  variation  of  a  first  preferred  embodiment,  the 

so  first  leg  49  and  second  leg  52  are  mirror  images  of 
each  other.  Therefore,  only  the  details  of  the  second 
leg  52  are  discussed  in  the  remaining  sentences  of 
this  paragraph.  The  primary  leg  height  58  is  approxi- 
mately  0.125  inches,  which  is  the  perpendicular  dis- 

ss  tance  between  the  leg  long  side  61  and  the  leg  short 
side  64.  The  slope  angle  67  of  the  surface  70  passing 
from  the  leg  long  side  61  to  the  leg  short  side  64  is 
approximately  30  degrees.  The  distance  73  from  the 

3 
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round  end  76  to  the  step  79  is  approximately  0.65  in- 
ches,  and  the  distance  82  from  the  round  end  76  to 
the  root  of  the  legs  85  is  approximately  0.37  inches. 
The  insert  outside  diameter  88  is  approximately  0.  1  82 
inches,  which  is  slightly  larger  than  the  main  body  in- 
side  diameter  43. 

The  inserts  22  are  typically  constructed  from  a 
plastic  material.  Therefore,  with  the  insert  outside  di- 
ameter  88  slightly  greater  than  the  main  body  inside 
diameter  43,  a  fluid-tight  fit  is  achieved  when  the  in- 
sert  22  is  forced  into  the  elongated  cavity  13  of  the 
main  body  37  (see  Fig.  2).  In  this  manner,  the  insert 
22  provides  a  sealing  means  106  at  the  ends  31,  34 
of  the  main  body  37  of  the  manifold  10.  As  an  alter- 
native  to  a  fluid-tight  fit  between  the  inserts  22  and 
the  main  body  37,  some  other  sealing  means  106 
could  be  placed  at  the  first  and  second  ends  31,  34 
of  the  main  body  37  following  the  placement  of  the  in- 
serts  22.  Once  the  inserts  22  are  in  place  and  the 
ends  31,  34  of  the  cavity  13  are  sealed,  the  manifold 
1  0  is  ready  for  use. 

Referring  now  to  Figs.  4  and  5,  a  second  variation 
of  a  first  preferred  embodiment  is  described.  As  with 
the  first  variation,  this  variation  involves  the  use  of  an 
insert  or  inserts  22  and  is  primarily  an  alternate  meth- 
od  of  creating  the  main  body  37  and  the  elongated 
cavity  13  therein.  The  main  difference  being  that  the 
inlet  passage  25  is  parallel  to  the  longitudinal  axis  28 
in  this  variation.  Construction  of  the  manifold  10  may 
begin  with  a  solid  block  of  material,  which  forms  the 
main  body  37  of  the  manifold  10.  Then,  an  elongated 
cavity  13  is  made  in  the  solid  block  of  material  by  drill- 
ing  or  otherwise  making  a  large  diameter  hole  91 
therein.  As  an  alternative  to  starting  with  a  solid  block, 
the  main  body  37  could  be  formed  by  casting  a  block 
with  a  large  diameter  hole  91  pre-formed  therein. 
When  a  manifold  10  is  produced  in  either  of  these 
ways,  the  block  is  directly  analogous  to  the  hollow 
tube  used  in  the  variation  described  above,  and  many 
of  the  dimensions  provided  above  apply  equally  well 
here.  The  exterior  dimensions  (i.e.,  dimensions  relat- 
ed  to  parts  or  surfaces  that  do  not  directly  contact  the 
fluid  that  is  being  split)  may  be  different,  but  this  has 
to  do  with  the  aesthetics  of  the  manifold  10  and  does 
not  affect  its  performance.  After  the  main  body  37 
and  its  elongated  cavity  1  3  are  formed  from  the  block, 
the  remaining  assembly  of  the  manifold  10  nearly  du- 
plicates  the  procedure  described  above.  The  main 
difference  being  where  the  inlet  passage  25  is  placed, 
which  will  be  described  further  below. 

Afterthe  main  body  37  is  formed,  the  eight  small- 
er  tubes  are  pressed  into  the  bottom  to  intersect  the 
elongated  cavity  13  and  thereby  form  the  outlet  pas- 
sages  16.  Although  two  inserts  22  could  be  used  with 
this  variation,  as  was  described  above  with  regard  to 
the  first  variation,  the  procedure  related  below  de- 
scribes  an  embodiment  wherein  a  single  insert  22, 
running  the  entire  length  of  the  elongated  cavity  13 

from  the  first  end  31  to  the  second  end  34  of  the  main 
body  37,  is  placed  in  the  elongated  cavity  13. 

Atypical  design  for  an  insert  22  used  in  this  sec- 
ond  variation  is  illustrated  in  Figs.  6-7.  This  is  the 

5  same  basic  design  used  with  the  first  variation;  only 
the  dimensions  would  be  different.  In  this  design,  the 
overall  insert  length  46  is  approximately  2.8  inches. 
The  distance  between  the  first  leg  49  and  second  leg 
52  is  the  leg  separation  distance  55,  which  is  approx- 

10  imately  0.063  inches.  In  this  second  variation  of  a  first 
preferred  embodiment,  the  first  leg  49  and  second  leg 
52  are  mirror  images  of  each  other.  Therefore,  only 
the  details  of  the  second  leg  52  are  discussed  in  the 
remaining  sentences  of  this  paragraph.  The  primary 

15  leg  height  58  is  approximately  0.1  inches,  which  is  the 
perpendicular  distance  between  the  leg  long  side  61 
and  the  leg  short  side  64.  The  slope  angle  67  of  the 
surface  70  passing  from  the  leg  long  side  61  to  the 
leg  short  side  64  is  approximately  30  degrees.  The 

20  distance  73  from  the  round  end  76  to  the  step  79  is 
approximately  0.95  inches,  and  the  distance  82  from 
the  round  end  76  to  the  root  of  the  legs  85  is  approx- 
imately  0.35  inches.  The  insert  outside  diameter  88  is 
approximately  0.172  inches,  which  is  slightly  larger 

25  than  the  main  body  inside  diameter  43.  This  creates 
the  fluid-tight  fit  previously  described  when  the  insert 
22  is  forced  into  the  elongated  cavity  13  of  the  main 
body  37.  Also  as  discussed  above,  as  an  alternative 
sealing  means  106  between  the  insert  22  and  the 

30  main  body  37,  a  separate  sealing  means  106  (i.e.,  not 
a  physical  part  of  the  insert  22)  could  be  placed  atthe 
ends  31  ,  34  of  the  main  body  37  following  the  instal- 
lation  of  the  insert  22.  Athird  alternative  is  to  have  the 
end  cap  94  (see  Fig.  4),  which  has  the  inlet  passage 

35  25  passing  though  it  at  a  cavity  inlet  point  103  in  this 
second  variation,  serve  as  the  sealing  means  106  for 
this  end  of  the  manifold  main  body  37.  If  a  blind  hole 
(i.e.,  one  that  does  not  pass  clear  through  the  mate- 
rial)  were  drilled  into  the  block  of  material,  it  would 

40  only  be  necessary  to  seal  one  end  of  the  block,  since 
the  other  end  would  be  already  sealed. 

Once  the  insert  22  is  in  place,  and  the  first  and 
second  ends  31,  34  of  the  main  body  37  are  sealed 
using  one  of  the  sealing  means  106  described  above, 

45  the  inlet  passage  25  may  be  installed.  In  this  embodi- 
ment,  the  inlet  passage  25  is  parallel  to  the  longitudi- 
nal  axis  28  and  is  pressed  into  the  end  cap  94  at  a  cav- 
ity  inlet  point  103  on  the  longitudinal  axis  28.  If  the 
end  cap  94  is  being  used  to  seal  the  elongated  cavity 

so  1  3,  it  would  only  be  necessary  to  place  the  insert  22 
into  the  elongated  cavity  13  and  mount  the  end  cap 
94  on  the  main  body  37.  Either  way,  the  manifold  10 
would  then  be  ready  for  use. 

Whether  the  elongated  cavity  13  is  formed  from 
55  a  tube  (Figs.  1-3)  or  a  block  with  a  hole  91  therein 

(Figs.  4  and  5),  it  is  possible  to  use  eithera  single  lon- 
ger  insert  22  or  two  shorter  inserts  22  with  either  va- 
riation  of  the  first  embodiment. 

4 
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Fig.  10  depicts  a  typical  flow  pattern  from  a  first 
embodiment  of  the  instant  invention  and  demon- 
strates  the  benefit  gained  from  this  invention.  This 
figure  represents  a  point-by-point  average  of  the  em- 
pirical  results  from  three  tests  using  a  manifold  10  as 
illustrated  in  Figs.  1-3.  The  data  were  obtained  using 
an  eight-row-by-twelve-column  microplate  97,  part  of 
which  is  illustrated  in  Fig.  1.  Each  test  was  conducted 
by  dispensing  1600  into  a  manifold  1  0  located  over 
the  first  column  of  eight  wells  100  of  a  microplate  97 
and  then  moving  the  manifold  1  0  across  the  columns, 
dispensing  a  total  of  twelve  times,  once  per  column. 
This  process  delivered  approximately  200  p.L  into 
each  well  100  of  the  microplate  97.  The  volume  in 
each  well  100  was  measured  and  used  to  calculate 
the  mean  volume  and  coefficient  of  variation  (%CV) 
for  the  entire  plate  97.  In  addition,  the  mean  volume 
from  each  of  the  eight  outlet  passages  16  of  the  mani- 
fold  10  was  calculated  by  averaging  the  volume  in 
each  row  of  the  microplate  97.  Then,  the  percent  dif- 
ference  between  the  total  microplate  mean  and  the 
mean  volume  from  each  outlet  passage  16  was  plot- 
ted  as  a  function  of  the  position  of  each  outlet  pas- 
sage  16  along  the  longitudinal  axis  28  of  the  manifold 
10. 

The  data  points  of  Fig.  10  enclosed  in  circles 
(these  points  are  also  connected  by  solid  lines)  are 
the  results  without  the  inserts  22,  and  the  points  en- 
closed  in  squares  depict  the  more  balanced  flow  that 
results  when  the  inserts  22  depicted  in  Figs.  6  and  7 
are  employed.  As  can  be  seen  from  the  circled  data 
points  in  Fig.  10,  the  flow  from  the  two  outlet  passag- 
es  16  at  both  ends  31,  34  of  the  manifold  10  is  above 
the  plate  mean;  and  the  flow  from  the  four  outlet  pas- 
sages  16  at  the  center  of  the  manifold  10  is  below  the 
plate  mean.  With  this  construction  of  the  manifold  10, 
the  velocity  of  t  he  flu  id  parallel  to  t  he  long  itud  inal  axis 
28  of  the  manifold  main  body  37  is  greatest  near  the 
cavity  inlet  point  103  and  almost  zero  at  the  ends  31  , 
34  of  the  manifold  10.  Therefore,  the  flow  from  the 
outlet  passages  16  near  the  inlet  point  103  is  reduced, 
and  the  flow  from  the  outlet  passages  16  generally  in- 
creases  as  one  moves  in  either  direction  away  from 
the  cavity  inlet  point  103.  The  results  improved  when 
the  inserts  22  were  employed,  as  can  be  seen  by  the 
data  points  enclosed  in  squares.  In  fact,  during  these 
tests,  use  of  the  inserts  22  reduced  the  total  plate 
%CV  from  the  3%  range  to  the  2%  range. 

Referring  now  to  Figs.  8-9,  a  second  preferred 
embodiment  of  the  present  invention  is  described.  In 
this  embodiment,  the  manifold  cavity  13  is  molded 
with  a  variable  cross-sectional  area  19.  With  this 
method  of  employing  the  instant  invention,  as  with 
the  method  described  above,  the  cross-sectional 
area  19  of  the  cavity  1  3  is  greatest  where  the  velocity 
is  highest  in  a  manifold  10  that  does  not  employ  the 
instant  invention.  Similarly,  the  cross-sectional  area 
19  of  the  cavity  13  is  the  most  restricted  in  areas 

where  the  velocity  is  lowest  in  the  constant  cross- 
sectional  area  design. 

Referring  specifically  to  Fig.  8,  it  is  apparent  that 
the  exterior  appearance  of  a  manifold  employing  this 

5  embodiment  of  the  instant  invention  resembles  a 
manifold  10  employing  the  first  embodiment  (see, 
e.g.,  Fig.  1).  The  primary  difference  between  these 
embodiments  is  only  apparent  from  looking  at  the  in- 
ternal  structure  of  the  manifold  10,  which  also  is  re- 

10  vealed  in  Fig.  8.  This  embodiment  has  the  same  pri- 
mary  features  as  the  first  embodiment,  namely,  a 
main  body  37,  an  inlet  passage  25,  a  cavity  inlet  point 
103,  an  elongated  cavity  13,  sealing  means  106,  first 
and  second  ends  31  ,  34,  respectfully;  and  an  outlet 

15  passages  16.  By  comparing  Figs.  3  and  9,  it  is  appa- 
rent  that  the  elongated  cavity  13  has  a  more  compli- 
cated  cross-sectional  area  19  in  the  second  embodi- 
ment  (Fig.  9)  than  in  the  first  embodiment  (Fig.  3).  The 
more  complicated  cross-sectional  area  stems  from 

20  the  fact  that  the  shape  of  the  inside  of  the  main  body 
37  of  the  second  embodiment  serves  the  function  of 
the  inserts  22  used  in  the  first  embodiment  and  obvi- 
ates  the  need  for  the  inserts  22,  while  maintaining  the 
advantageous  results  obtained  from  using  them. 

25  The  present  invention  thus  provides  a  simple, 
cost  efficient  method  for  splitting  a  quantity  of  fluid 
into  substantially  equal  portions  without  dedicating 
costly  pumps  or  syringes  to  each  outlet  passage  16. 
Whether  the  invention  is  implemented  with  inserts  22 

30  (Figs.  1-7)  or  by  molding  (Figs.  8  and  9),  it  provides 
the  additional  advantage  of  reducing  the  "dead  vol- 
ume"  of  the  manifold  10.  Hence,  by  using  the  instant 
invention,  the  distribution  problem  inherent  with 
manifolds  10  can  be  brought  into  desired  tolerances, 

35  while  simultaneously  achieving  other  beneficial  ef- 
fects. 

It  is  to  be  understood  that  the  above-described 
embodiments,  including  the  specific  dimensions  pro- 
vided,  are  illustrative  only  and  that  modifications 

40  thereof  may  occur  to  those  skilled  in  the  art.  Accord- 
ingly,  this  invention  is  not  to  be  regarded  as  limited  to 
the  embodiments  disclosed  herein,  but  is  to  be  limited 
only  as  defined  by  the  appended  claims. 

45 
Claims 

1.  A  manifold  for  splitting  the  flow  of  a  fluid,  said 
manifold  comprising 

so  a  main  body  with  an  elongated  cavity  of 
constant  cross-sectional  area  taken  perpendicu- 
lar  to  a  longitudinal  axis  of  said  main  body,  said 
cavity  being  longitudinally  disposed  between  a 
first  end  and  a  second  end  of  said  main  body; 

55  an  inlet  passage  of  constant  cross- 
sectional  area  communicating  with  the  interior  of 
said  cavity  at  a  cavity  inlet  point; 

a  plurality  of  outlet  passages  communicat- 
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ing  with  said  interior  of  said  cavity;  and 
at  least  one  insert  extending  longitudinally 

into  said  cavity,  said  at  least  one  insert  having  a 
cross-secitonal  area  taken  perpendicular  to  a 
longitudinal  axis  of  said  at  least  one  insert  that 
varies  in  a  manner  that  balances  the  volume  of 
fluid  that  flows  from  each  of  said  outlet  passages. 

2.  A  manifold  according  to  claim  1  wherein  each  of 
said  insert  cross-sectional  area  increases  in  a 
longitudinal  direction  from  said  inlet  point  toward 
either  one  of  said  ends  of  said  main  body. 

3.  A  manifold  according  to  claim  1  or  2  wherein  said 
inlet  passage  comprises  one  tube. 

4.  A  manifold  according  to  claim  3  wherein  said  plur- 
ality  of  outlet  passages  comprises  eight  individ- 
ual  tubes. 

5.  A  manifold  according  to  claim  4  wherein  said  at 
least  one  insert  comprises  a  first  insert  extending 
longitudinally  into  said  first  end  of  said  main  body. 

6.  A  manifold  according  to  claim  5  which  further 
comprises  means  for  sealing  said  first  end  and 
said  second  end  of  said  cavity  and  wherein  said 
sealing  means  at  said  first  end  of  said  main  body 
comprises  part  of  said  first  insert,  said  insert 
cross-sectional  area  of  said  first  insert  matching 
said  cavity  cross-sectional  area  at  said  first  end 
of  said  cavity  of  said  main  body. 

7.  A  manifold  according  to  claim  4  wherein  said  at 
least  one  insert  comprises  a  first  insert  extending 
longitudinally  into  said  first  end  of  said  main  body 
and  a  second  insert  extending  longitudinally  into 
said  second  end  of  said  main  body. 

8.  A  manifold  according  to  claim  7  which  further 
comprises  means  for  sealing  said  first  end  and 
said  second  end  of  said  cavity  and  wherein  said 
sealing  means  at  said  first  end  of  said  main  body 
comprises  part  of  said  first  insert  and  said  sealing 
means  at  said  second  end  of  said  main  body  com- 
prises  part  of  said  second  insert,  said  insert 
cross-sectional  areas  of  said  first  and  second  in- 
serts  matching  said  cavity  cross-sectional  areas 
at  said  first  end  and  at  said  second  end,  respec- 
tively,  of  said  cavity  of  said  main  body. 

at  the  leg  end  that  is  opposite  said  root  of  said 
legs. 

11.  A  manifold  according  to  claim  10  wherein  said 
5  sloped  surface  connects  a  leg  long  side  to  a  leg 

short  side. 

12.  A  manifold  for  splitting  the  flow  of  a  fluid,  said 
manifold  comprising 

10  a  main  body  with  an  elongated  cavity  long- 
itudinally  disposed  between  a  first  end  and  a  sec- 
ond  end  of  said  main  body,  wherein  said  cavity 
has  a  nonconstant  cross-sectional  area  taken 
perpendicular  to  a  longitudinal  axis  of  said  main 

15  body; 
an  inlet  passage  of  constant  cross- 

sectional  area  communicating  with  the  interior  of 
said  cavity  at  a  cavity  inlet  point; 

a  plurality  of  outlet  passages  communicat- 
20  ing  with  the  interior  of  said  cavity;  and 

wherein  said  nonconstant  cross-sectional 
area  varies  in  a  manner  which  balances  the  vol- 
ume  of  fluid  that  flows  from  each  of  said  outlet 
passages. 

25 
13.  A  manifold  according  to  claim  12  wherein  said  in- 

let  passage  comprises  a  single  tube. 

14.  A  manifold  according  to  claim  13  wherein  said 
30  plurality  of  outlet  passages  comprises  eight  indi- 

vidual  tubes. 

15.  A  manifold  according  to  claim  12  wherein  said 
nonconstant  cross-sectional  area  of  said  cavity 

35  decreases  in  a  longitudinal  direction  through  said 
cavity  from  said  inlet  point  toward  either  one  of 
said  ends  of  said  main  body. 

16.  A  manifold  according  to  claim  15  wherein  said  in- 
40  let  passage  comprises  a  single  tube  and  wherein 

said  plurality  of  outlet  passages  comprises  eight 
individual  tubes. 

45 

50 

9.  A  manifold  according  to  claim  7  wherein  each  of 
said  first  and  second  inserts  comprises  a  first  leg 
and  a  second  leg,  and  wherein  said  first  and  sec- 
ond  legs  meet  at  a  root.  55 

10.  A  manifold  according  to  claim  9  wherein  each  of 
said  first  and  second  legs  has  a  sloped  surface 
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