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flow,  some  or  each  of  the  cell  openings  of  the 
grids  are  provided  with  cantilevered  deflecting 
vanes,  such  as  in  the  mixing  grids  shown  in 
US—  A—  3,395,077.  Still  other  grids,  such  as  those 

5  disclosed  in  US—  A—  3,379,619  and 
US  —  A—  4,061,536,  include  means  for  laterally 
supporting  the  fuel  rods  as  well  as  means  for 
deflecting  the  coolant  flow.  All  of  these  prior  art 
grids  extend  completely  across  the  fuel  assembly 

10  and  separately  surround  each  of  the  fuel  rods 
contained  in  the  assembly.  Furthermore,  the  con- 
struction  of  each  of  these  grids  is  such  that  its 
outer  peripheral  strap  is  of  a  height  equal  to  the 
height  of  its  inner  straps. 

is  The  power  output  of  a  nuclear  reactor  is  limited 
by  the  rate  at  which  heat  can  be  removed  from  the 
reactor  core,  and  the  rate  of  heat  transfer  deter- 
mines  the  temperatures  developed  in  a  reactor 
core.  Therefore,  the  maximum  reactor  operating 

20  power  is  limited  by  some  enthalpy  and/or 
temperature  value  in  the  reactor  core.  The  vari- 
ation  of  the  neutron  flux  in  the  reactor  core  causes 
the  fuel  assemblies  in  the  core  to  operate  at 
different  power  levels,  and  this  variation  occurs 

25  even  among  the  fuel  rods  within  a  single  fuel 
assembly.  The  reactivity  and,  in  turn,  the  power 
output  of  a  nuclear  reactor  is  limited  by  the 
amount  of  structural  material  in  the  reactor  core 
since  such  structural  material  parasitically 

30  absorbs  neutrons  which  could  otherwise  be  used 
in  the  fission  process.  Furthermore,  a  reduction  of 
structural  material  in  a  fuel  assembly  reduces  the 
pressure  drop  and  thereby  increases  the  power 
output.  Still  further,  it  is  well  known  that  the  burn- 

35  up  rate  for  different  fuel  rods  contained  in  a  given 
fuel  assembly  varies.  And  still  further,  the  output 
of  a  given  fuel  assembly  can  be  enhanced  by  the 
use  of  different  fissionable  materials  as  well  as  by 
the  amount  of  fissionable  material,  such  as 

40  through  the  use  of  fuel  rods  having  different 
diameters.  With  these  considerations  in  mind, 
designers  are  constantly  striving  to  improve  upon 
the  power  output  of  the  various  fuel  assemblies 
which  make  up  the  core  to  increase  the  total 

45  power  output  of  the  reactor,  while  at  the  same 
time  striving  to  improve  the  construction  of  the 
assemblies  so  as  to  facilitate  the  assembling  of  a 
fuel  assembly  and  to  reduce  the  repair  and  main- 
tenance  costs  associated  with  operating  the  reac- 

50  tor. 
The  present  invention  provides  a  nuclear  reac- 

tor  fuel  assembly  with  an  improved  grid  structure 
which  extends  only  partially  across  the  fuel 
assembly  and  is  used  for  either  the  mounting  of 

55  means  for  deflecting  the  upwardly  flowing  cool- 
ant  or  the  mounting  of  means  for  laterally 
supporting  the  fuel  rods,  or  both,  to  eliminate 
localized  neutron  flux  peaking  with  resulting  "hot 
spots"  or  regions  of  extreme  temperature/ 

60  enthalpy  rise  among  a  predetermined  number  of 
the  fuel  rods  contained  within  the  fuel  assembly, 
thereby  to  achieve  an  increase  in  the  power 
output  of  the  assembly.  Such  partial  grid  struc- 
ture  allows  mixing  vane  benefit  to  be  available  in 

65  the  high  power  portion  of  the  assembly  without 

Description 

The  present  invention  relates  generally  to  fuel 
assemblies  for  nuclear  reactors  and,  more 
particularly,  to  an  improved  grid  structure  for 
selectively  mounting  a  fuel  rod  lateral  support 
means  or  a  coolant  flow  deflecting  means  on  a 
predetermined  number  of  fuel  rods  within  a  fuel 
assembly. 

In  most  nuclear  reactors,  the  core  portion  com- 
prises  a  large  number  of  elongate  fuel  elements 
or  rods  grouped  in  and  supported  by  frameworks 
referred  to  as  fuel  assemblies.  Fuel  assemblies 
are  generally  elongate  and  receive  support  and 
alignment  from  upper  and  lower  transversely 
extending  core  support  plates.  These  upper  and 
lower  core  support  plates  are  directly  or  indirectly 
attached  to  a  support  barrel  which  surrounds  the 
entire  core  and  extends  between  the  ends  thereof. 
In  the  most  common  configuration,  the  axis  of  the 
core  support  barrel  extends  vertically,  and  the 
various  fuel  assemblies  resting  on  the  lower 
support  plate  are  also  arranged  vertically. 
Generally,  in  most  reactors,  a  fluid  coolant,  such 
as  water,  is  directed  upwardly  through  apertures 
in  the  lower  core  support  plate  and  along  the 
various  fuel  assemblies  to  receive  the  thermal 
energy  therefrom.  Conventional  designs  of  these 
fuel  assemblies  include  a  plurality  of  fuel  rods  and 
control  rod  guide  thimbles  held  in  an  organized 
array  by  grids  spaced  along  the  fuel  assembly 
length  and  attached  to  the  control  rod  guide 
thimbles.  Top  and  bottom  nozzles  on  opposite 
ends  thereof  are  secured  to  the  control  rod  guide 
thimbles  to  form  an  integral  fuel  assembly.  The 
respective  top  and  bottom  nozzles  extend  slightly 
above  and  below  the  ends  of  the  fuel  rods, 
capturing  the  rods  therebetween. 

Generally,  in  each  fuel  assembly  there  are  a 
number  of  grids  axially  spaced  along  the  fuel 
assembly  length  and  transversely  extending 
across  the  assembly.  Conventional  designs  of 
these  grids  include  a  plurality  of  interleaved 
straps  of  egg-crate  configuration  designed  to 
form  a  plurality  of  cell  openings,  with  each  cell 
opening  adapted  to  receive  therethrough  one  of 
the  fuel  rods.  A  peripheral  strap,  being  of  the 
same  height  as  the  interleaved  straps,  encloses 
the  interleaved  straps  to  impart  strength  and 
rigidity  to  the  grid.  The  purpose  of  these  grids  is 
two-fold.  One  purpose  is  to  laterally  support  or 
position  the  fuel  rods  so  as  to  prevent  localized 
neutron  flux  peaking  and  thereby  permit  oper- 
ation  of  the  reactor  closer  to  its  design  power 
limit.  The  other  purpose  is  to  mount  deflecting 
vanes  so  as  to  promote  mixing  of  the  upwardly 
flowing  coolant  among  the  fuel  rods  to  average 
the  enthalpy/temperature  rise  for  maximizing  the 
power  output  of  the  reactor  core.  Normally,  for 
lateral  support  or  positioning  of  the  fuel  rods, 
each  grid  cell  opening  includes  an  arrangement  of 
spring  fingers  and  dimple  protrusions  which  pro- 
vide  a  six-point  contact  of  the  fuel  rod,  such  as  in 
the  positioning  grids  shown  in  US  —  A  —  3,255,091 
and  US—  A—  3,379,617.  For  deflecting  the  coolant 
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curved  and  transversely  spaced  tabs  to  facilitate 
the  installation  and  removal  of  the  fuel  assembly 
in  a  reactor  core  as  the  fuel  assembly  is  slid 
longitudinally  along  an  adjacent  fuel  assembly 

5  within  the  core. 
The  present  invention  also  encompasses  the 

use  of  at  least  two  partial  grid  structures  in 
forming  a  grid  assembly  for  at  least  two  separate 
groups  of  fuel  rods,  wherein  each  group  is 

w  defined  by  a  predetermined  number  of  the  fuel 
rods  contained  in  the  fuel  assembly.  Preferably, 
each  grid  structure  includes  a  plurality  of  inter- 
leaved  straps  arranged  in  an  egg-crate  configura- 
tion  defining  a  plurality  of  cell  openings  for 

15  receiving  therethrough  respective  ones  of  the  fuel 
rods  in  each  fuel  rod  group.  The  partial  grid 
structures  are  arranged  such  that  an  inner  border 
of  one  of  the  partial  grid  structures  is  disposed  in 
abutting  engagement  with  the  inner  border  strap 

20  of  the  other  partial  grid  structure. 
A  preferred  embodiment  of  the  invention  will 

now  be  described,  by  way  of  example,  only,  with 
reference  to  the  accompanying  drawings  in 
which: 

25  Figure  1  is  an  elevational  view  of  a  conventional 
fuel  assembly  incorporating  an  improved  grid 
structure  in  accordance  with  the  invention; 

Figure  2  is  a  sectional  view  of  the  fuel  assembly 
shown  in  Figure  1,  taken  along  line  2—2; 

30  Figure  3  is  a  fragmentary,  side  elevational  view 
of  the  inner  border  strap  of  the  partial  grid 
structure,  as  seen  along  line  3  —  3  of  Figure  2; 

Figure  4  is  an  enlarged  elevational  view  of  the 
outer  border  strap  as  seen  along  line  4  —  4  of 

35  Figure  2; 
Figure  5  is  a  sectional  view,  as  taken  along  line 

5—5  of  Figure  2,  showing  an  enlarged  view  of  the 
interconnection  of  the  terminal  end  portion  of  one 
of  the  inner  straps  with  the  inner  border  strap  of 

40  the  grid  structure; 
Figure  6  is  a  sectional  view,  as  taken  along  line 

6—6  of  Figure  2,  showing  an  enlarged  view  of  the 
interconnection  of  the  terminal  end  portion  of  one 
of  the  inner  straps  with  the  outer  border  strap  of 

45  the  grid  structure; 
Figure  7  is  an  enlarged,  partially  sectional, 

elevational  view  of  a  portion  of  a  grid  strap 
showing  conventional  spring  fingers  and  dimple 
protrusions  for  laterally  supporting  a  fuel  rod  in  a 

so  cell  opening  of  the  grid  structure; 
Figure  8  is  a  diagrammatical  representation  of 

two  separate  partial  grid  structures  for  two 
separate  groups  of  fuel  rods,  with  the  partial  grid 
structures  disposed  adjacent  one  another  and 

55  with  their  inner  border  straps  abutting  to  form  a 
grid  structure  assembly;  and 

Figure  9  is  a  diagrammatical  representation  of 
four  separate  partial  grid  structures  for  four 
separate  groups  of  fuel  rods,  with  the  partial  grid 

60  structures  disposed  adjacent  one  another  and 
their  respective  inner  border  straps  abutting,  and 
with  an  outer  peripheral  strap  banding  the  four 
separate  partial  grid  structures  together  to  form  a 
grid  structure  assembly.  It  will  be  noted  that  the 

65  cell  openings  of  the  two  right-hand  partial  grid 

adding  structural  materials  in  other  portions  of 
the  assembly,  thereby  decreasing  the  pressure 
drop  and  minimizing  the  parasitic  materials  which 
tend  to  limit  the  power  output  of  the  fuel 
assembly.  Furthermore,  such  partial  grid  struc- 
ture  enables  partitioning  of  the  fuel  rods  in  pre- 
determined  or  selective  groups  to  accommodate 
for  different  diameter-sized  fuel  rods  as  well  as  for 
the  rapid  replacement  of  a  separate  group  of 
spent  fuel  rods  rather  than  replacing  all  of  the  fuel 
rods  in  the  assembly.  And  still  further,  the 
assembling  of  a  fuel  assembly  is  made  easier  and 
faster  by  the  use  of  partial  grid  structures  several 
of  which  can  be  banded  together  to  form  a  grid 
structure  assembly  for  the  spacing  of  all  of  the 
fuel  rods  of  the  fuel  assembly  at  a  given  axial 
location. 

Accordingly,  in  the  preferred  embodiment  of 
the  invention,  the  latter  resides  in  a  nuclear 
reactor  fuel  assembly  including  a  plurality  of 
elongate  fuel  rods  disposed  in  a  generally  parallel 
array,  a  number  of  longitudinally  extending  con- 
trol  rod  guide  thimbles  strategically  arranged 
within  the  fuel  rod  array,  a  partial  grid  structure 
mounted  on  selective  ones  of  the  guide  thimbles 
and  extending  transversely  across  a  portion  of  the 
fuel  assembly  for  the  mounting  of  means  for 
laterally  supporting  a  group  of  fuel  rods  or  means 
for  delfecting  the  coolant  flow  among  a  group  of 
fuel  rods  defined  by  a  predetermined  number  of 
the  plurality  of  fuel  rods  contained  in  the  fuel 
assembly.  The  partial  grid  structure  comprises  a 
plurality  of  inner  interleaved  straps  having  ter- 
minal  end  portions  and  arranged  in  an  egg-crate 
configuration  defining  a  plurality  of  inner  cell 
openings  for  receiving  therethrough  respective 
ones  of  the  fuel  rods  in  the  fuel  rod  group.  An 
outer  border  strap  is  attached  to  respective  ter- 
minal  end  portions  of  some  of  the  inner  straps  to 
define  a  number  of  outer  border  cell  openings  for 
receiving  therethrough  respective  ones  of  the  fuel 
rods  disposed  along  the  outer  boundary  of  the 
fuel  rod  group,  whereas  an  inner  border  strap  is 
attached  to  the  respective  terminal  end  portions 
of  other  ones  of  the  inner  straps  and  to  the 
respective  ends  of  the  outer  strap  to  define  a 
number  of  inner  border  cell  openings  for  receiv- 
ing  therethrough  respective  ones  of  the  fuel  rods 
disposed  along  the  inner  boundary  of  the  fuel  rod 
group  in  thereby  forming  an  integral  unit.  Prefer- 
ably,  all  of  the  inner  straps  are  of  equal  height,  the 
outer  and  inner  border  straps  are  of  equal 
heights,  and  the  height  of  the  outer  and  inner 
border  straps  are  substantially  greater  than  the 
height  of  the  inner  straps  to  minimize  the  amount 
of  parasitic  material  while  providing  structure 
integrity  and  rigidity.  It  is  preferred  that  the  upper 
lengthwise  edge  of  both  the  outer  border  strap 
and  the  inner  border  strap  include  a  series  of 
transversely  spaced  fins  mounted  thereon  to 
deflect  the  upwardly  flowing  coolant  away  from 
the  periphery  of  the  partial  grid  structure  and 
toward  its  longitudinal  axis.  It  is  also  preferred 
thatthe  lower  lengthwise  edge  of  only  the  outer 
border  strap  be  provided  with  a  series  of  inwardly 
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at  predetermined  axially  spaced  locations;  the 
fuel  rods  18  are  inserted  through  the  grids  16,  and 
some  of  the  rods  are  also  inserted  through  grid 
structure  24;  the  lower  nozzle  12  is  suitably 

5  attached  to  the  lower  ends  of  the  guide  thimbles 
14;  and  then  the  top  nozzle  22  is  attached  to  the 
upper  ends  of  the  guide  thimbles  14.  For  a  more 
detailed  description  of  the  conventional  features 
of  the  fuel  assembly  10,  reference  may  be  hand  to 

io  US—  A—  4,061,532. 
The  fuel  assembly  10  illustrated  in  the  drawings 

is  of  a  type  having  a  square  array  of  fuel  rods  18, 
the  bottom  nozzle  12,  the  top  nozzle  22,  and  the 
grids  16  likewise  being  generally  square  in  cross- 

15  section.  However,  it  should  be  understood  that 
neither  the  shape  of  the  nozzles  or  the  grids  nor 
the  number  and  configuration  of  the  fuel  rods  and 
guide  thimbles  are  to  be  considered  as  limiting, 
and  that  the  invention  is  equally  applicable  to 

20  shapes,  configurations  and  arrangements  differ- 
ent  from  those  specifically  shown  herein. 

Before  describing  the  partial  grid  structure  24  of 
the  invention  in  detail,  it  should  be  noted  that  the 
fuel  rods  18  are  laterally  positioned  in  a  predeter- 

25  mined  array  by  the  support  or  spacer  grids  16. 
These  spacer  grids  are  well  known  in  the  art  and 
used  to  precisely  maintain  the  spacing  between 
fuel  rods,  prevent  rod  vibration,  provide  lateral 
support,  and,  to  some  extent,  frictionally  retain 

30  the  rods  against  longitudinal  movement.  Conven- 
tional  spacer  grids,  such  as  the  ones  shown  and 
described  in  US—  A—  3,379,619  and 
US—  A—  4,061,536,  comprise  a  plurality  of  inter- 
fitted  straps  of  an  egg-crate  configuration  forming 

35  cells  for  accepting  the  fuel  rods.  Each  cell 
supports  one  fuel  rod  at  a  given  axial  location 
through  the  use  of  spring  fingers  and  protrusions 
which  frictionally  engage  the  fuel  rods,  normally 
at  six  points.  Since  these  spacer  grids  16  form  no 

40  part  of  the  invention,  it  suffices  to  say  that  these 
grids  support  the  fuel  rods  18  in  an  upstanding 
spaced  array,  and  they  may  include  coolant  flow 
mixing  vanes,  if  desired. 

The  partial  grid  structure  24  will  now  be 
45  described  with  reference  to  Figures  2  to  7.  It 

serves  a  two-fold  purpose,  namely,  as  a  structure 
for  the  mounting  thereon  of  means  for  deflecting 
upwardly  flowing  coolant,  and  as  a  structure  for 
the  mounting  thereon  of  means  for  laterally  spac- 

50  ing  and  supporting  fuel  rods.  For  illustrational 
purposes,  the  partial  grid  structure  24  shown  in 
Figure  2  provides  for  the  mounting  of  coolant 
deflecting  means,  and  more  specifically,  for  pro- 
moting  the  mixing  of  the  longitudinally  flowing 

55  coolant  among  a  predetermined  number  of  the 
fuel  rods  18  contained  within  the  fuel  assembly  10 
for  increasing  the  power  output  of  the  assembly. 

Referring  to  Figure  2,  the  partial  grid  structure 
24  basically  comprises  a  plurality  of  interleaved 

so  inner  straps  34  arranged  in  an  egg-crate  con- 
figuration  defining  a  plurality  of  inner  cell  open- 
ings  36  for  receiving  therethrough  respective 
ones  of  a  group  of  fuel  rods  18.  For  reference,  a 
group  of  fuel  rods  is  defined  as  being  a  predeter- 

65  @  mined  number  of  the  fuel  rods  contained  within 

structures  are  fewer  in  number  and  larger  in 
cross-section  (to  accept  larger-diameter  fuel  rods) 
than  the  cell  openings  of  the  two  grid  structures 
on  the  left-hand  side. 

In  the  following  description,  like  reference 
characters  designate  like  or  corresponding  parts 
as  shown  in  the  several  views,  and  terms  such  as 
"forward,"  "rearward,"  "left,"  "right,"  "down- 
wardly,"  and  the  like  are  words  of  convenience 
used  in  referring  to  the  drawings  and  are  not  to  be 
construed  as  limiting  terms. 

Referring  now  to  the  drawings,  and  particularly 
to  Figure  1,  there  is  shown  a  fuel  assembly  10  the 
general  construction  of  which  is  conventional. 
Thus,  the  fuel  assembly  10  comprises  a  lower  end 
structure  or  bottom  nozzle  12  for  supporting  the 
assembly  on  a  lower  core  plate  (not  shown)  in  the 
core  region  of  a  reactor  (not  shown);  a  number  of 
elongate  control  guide  tubes  or  thimbles  14  pro- 
jecting  longitudinally  upward  from  the  bottom 
nozzle  12;  a  plurality  (only  three  are  shown)  of 
transverse  support  grids  16  axially  spaced  along 
the  guide  thimbles  14;  and  organized  array  of 
elongate  fuel  rods  18  transversely  spaced  and 
supported  by  the  grids  16;  an  instrumentation 
tube  20  located  in  the  center  of  the  assembly;  and 
an  upper  end  structure  or  top  nozzle  22  attached 
to  the  upper  ends  of  the  guide  thimbles  14,  in  a 
conventional  manner,  to  form  an  integral 
assembly  capable  of  being  conventionally  hand- 
led  without  damaging  the  assembly  components. 
The  bottom  nozzle  12  and  the  top  nozzle  22  are 
conventional,  including  end  plates  (not  shown) 
with  flow  openings  (not  shown)  for  the  upward 
flow  of  a  fluid  coolant,  such  as  water,  to  pass  up 
and  along  the  various  fuel  rods  18  so  as  to  receive 
the  thermal  energy  therefrom.  The  fuel  assembly 
10  illustrated  embodies  the  invention  in  the  form 
of  a  partial  grid  structure  24  which  is  disposed  on 
the  left-hand  side  of  assembly  10  in  spaced 
relation  between  two  support  grids  16  and 
mounted  on  the  guide  thimbles  14.  The  partial 
grid  structure  24  according  to  the  invention  will 
be  discussed  in  detail  later  herein. 

The  top  nozzle  22  includes  a  transversely 
extending  end  plate  or  adapter  plate  (not  shown) 
having  upstanding  sidewalls  secured  to  the  peri- 
pheral  edges  thereof  to  define  an  enclosure  or 
housing.  An  annular  flange  (not  shown)  is 
secured  to  the  top  of  the  sidewalls,  and  suitably 
clamped  to  this  flange  are  leaf  springs  26  (only 
one  is  shown  in  Figure  1)  which  cooperate  with 
the  upper  core  plate  (not  shown)  in  a  conven- 
tional  manner  to  prevent  hydraulic  lifting  of  the 
fuel  assembly  10  caused  by  upward  coolant  flow, 
while  allowing  for  changes  in  fuel  assembly 
length  due  to  core  induced  thermal  expansion 
and  the  like.  Disposed  within  the  opening  defined 
by  the  sidewalls  of  the  top  nozzle  22  is  a  conven- 
tional  rod  cluster  control  assembly  28  having 
radially  extending  flukes  30  connected  to  the 
upper  ends  of  the  control  rods  32  for  vertically 
moving  the  control  rods  in  the  control  rod  guide 
assembly  10,  support  grids  16  and  the  partial  grid 
structure  24  are  attached  to  the  guide  thimbles  14 
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cell  openings  38  for  mounting  the  grid  structure 
24  on  the  control  rod  guide  thimbles  14.  The 
sleeve  46  is  suitably  attached,  such  as  by  welding 
or  the  like,  to  the  lateral  faces  of  the  four 

5  respective  inner  strap  segments  associated  with 
the  thimble  cell  opening  38.  The  guide  thimble  14 
(not  shown  in  Figure  2)  extends  through  the 
sleeve  46  and  is  attached  to  the  sleeve,  in  a 
conventional  manner,  such  as  by  buldge  expand- 

70  ing  or  the  like.  If  desired,  the  guide  thimbles'  14 
may  be  attached  directly  to  the  inner  strap  seg- 
ments  of  the  thimble  ceil  opening,  and  in  such 
case,  no  sleeves  would  be  used.  It  should  also  be 
noted  that  there  are  no  dimples  44  projecting  into 

15  the  thimble  cell  openings  38,  nor  do  any  of  the 
mixing  vanes  42  project  into  the  thimble  cell 
openings.  For  a  more  detailed  description  of  the 
mixing  vanes  42,  the  dimple  44,  and  the  inter- 
relationship  thereof,  as  well  as  of  the  mounting  of 

20  the  grid  structure  24  on  the  guide  thimbles  14, 
reference  should  be  made  to  Applicant's  copend- 
ing  application  EP—  A1—  0148452  entitled  "A 
coolant  flow  mixing  grid  for  a  nuclear  reactor  fuel 
assembly." 

25  The  partial  grid  structure  24,  as  seen  in  Figure  2, 
further  includes  an  outer  border  strap  48  and  an 
inner  border  strap  50  to  form  an  integral  struc- 
ture.  Since  the  grid  structure  24  is  of  a  rectangular 
shape,  the  outer  border  strap  48  is  composed  of 

30  three,  generally  linear,  separate  strap  segments 
of  identical  construction  and  arranged  as  shown 
in  Figure  2,  with  the  respective  ends  of  the 
adjacent  segments  suitably  attached  together. 
The  inner  border  strap  50  connects  the  other  ends 

35  of  the  two  parallel  outer  border  strap  segments  48 
together.  The  outer  border  strap  48  (border  strap 
segments)  is  attached  to  the  respective  terminal 
ends  of  the  inner  straps  34  to  define  a  number  of 
outer  border  cell  openings  52  for  receiving  there- 

40  through  respective  ones  of  the  fuel  rods  18 
disposed  along  the  outer  boundary  of  the  fuel  rod 
group,  whereas  the  inner  border  strap  50  is 
attached  to  other  respective  terminal  ends  of  the 
inner  straps  34  so  as  to  define  a  number  of  inner 

45  border  cell  openings  54  for  receiving  there- 
through  respective  ones  of  the  fuel  rods  18 
disposed  along  the  inner  boundary  of  the  fuel  rod 
group.  The  attaching  of  the  inner  straps  34  to  the 
border  straps  48,  50  is  a  well  known  operation, 

so  and  normally  short  extensions  are  provided  on 
the  ends  of  the  inner  straps  which  project  through 
corresponding  slots  in  the  border  straps.  The 
intersection  of  the  inner  strap  with  the  border 
strap  is  welded,  and  then  the  extension  portions 

55  extending  through  the  border  straps  are  ground 
off  flush  with  the  border  strap.  Each  of  the 
respective  border  cell  openings  52,  54  is  similar, 
being  formed  by  three  inner  strap  segments  34 
and  a  segment  of  the  respective  border  strap  48, 

eo  50;  except  for  the  four  corner  border  cell  open- 
ings  which  are  formed  by  two  inner  strap  seg- 
ments  and  two  segments  of  the  border  strap.  The 
cell  openings  52,  54  are  similar  in  construction  to 
the  inner  cell  openings  36  and  include  at  least  one 

65  mixing  vane  42  mounted  on  the  top  edge  of  at 

the  fuel  assembly  10.  For  convenience,  in  the 
following  description,  reference  to  the  group  of 
fuel  rods  shall  mean  those  fuel  rods  located  on 
the  left-hand  portion  (to  the  left  of  arrows  3—3  in 
Figure  2)  of  the  fuel  assembly  and  surrounded  by 
partial  grid  structure  24.  The  interleaved  inner 
straps  34  also  define  a  number  of  thimble  cell 
openings  38  for  receiving  therethrough  respective 
ones  of  the  guide  thimbles  14  located  with  the 
fuel  rod  group.  Each  of  the  inner  straps  34  is 
formed  of  interconnecting  segments;  through  the 
use  of  opposing  slots,  the  straps  are  interlatched. 
At  each  intersection  40,  the  straps  34  are  suitably 
secured  together,  such  as  by  welding  or  the  like. 
The  arrangement  is  such  that  the  interconnecting 
segments  of  four  separate  straps  34  form  a  given 
inner  cell  opening  36  or  thimble  cell  opening  38. 
Associated  with  each  inner  cell  opening  36  is  at 
least  one  mixing  vane  42  mounted  on  one  of  the 
strap  segments  which  define  a  given  cell  opening. 
Preferably,  there  is  a  mixing  vane  42  mounted  on 
the  top  edge  of  each  of  the  inner  strap  segments 
34  associated  with  each  inner  cell  opening  36 
having  a  fuel  rod  18  extending  therethrough.  The 
mixing  vane  42  is  in  the  shape  of  a  chicken's 
comb  and  slightly  twisted,  being  cantilevered 
from  the  top  edge  of  the  inner  strap  segment  and 
projecting  upwardly  therefrom  and  over  toward 
the  longitudinal  centerline  or  axis  of  the  inner  cell 
opening  36.  Since  the  specific  shape  of  the  mixing 
vanes  42  or  the  specific  pattern  of  the  mixing 
arrangement  is  not  part  of  the  invention,  suffice  it 
to  say  that  the  vanes  are  so  oriented  as  to  laterally 
deflect  the  upwardly  flowing  coolant  between 
adjacent  fuel  rods  18  in  the  fuel  rod  group,  and 
that  these  vanes  extend  into  the  inner  cell  open- 
ings  36. 

In  order  to  prevent  the  fuel  rods  18  within  the 
fuel  rod  group  from  coming  into  damaging 
impact  or  contact  with  the  mixing  vanes  42,  each 
inner  cell  opening  36  having  a  fuel  rod  extending 
therethrough  and  a  mixing  vane  mounted 
thereon  is  provided  with  a  protrusion  or  dimple 
44  which  extends  into  the  cell  opening  to  a 
greater  extent  than  the  associated  mixing  vane 
42.  The  protruding  dimple  44  of  a  given  cell 
opening  36  is  mounted  below  the  mixing  vane  42, 
on  the  lateral  face  of  one  of  the  inner  strap 
segments  34,  and  projects  into  and  generally 
perpendicularly  toward  the  longitudinal  axis  of 
the  inner  cell  opening.  Preferably,  there  are  four 
such  dimples  44  associated  with  each  inner  cell 
opening  36,  each  dimple  being  located  on  a 
different  one  of  the  four  inner  strap  segments  that 
define  the  cell  opening,  and  each  of  the  dimples 
being  so  oriented  on  its  respective  inner  straps 
segment  as  to  permit  the  upwardly  flowing  cool- 
ant  to  pass  through  the  dimple,  thereby  to  reduce 
the  pressure  drop  of  the  coolant  flow  through  the 
grid  structure  24. 

Still  referring  to  Figure  2,  as  mentioned  earlier, 
the  egg-crate  configuration  of  the  interleaved 
staps  34  also  provides  a  number  of  thimble  cell 
openings  38.  In  the  preferred  embodiment,  a 
short  sleeve  46  is  disposed  in  each  of  the  thimble 
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In  that  the  height  of  the  border  straps  48,  50  is 
substantially  greater  than  the  height  of  the  inner 
straps  34,  with  the  upper  and  lower  linear  por- 
tions  or  segments  extending  beyond  the 

5  respective  upper  and  lower  edges  of  the  inner 
straps  34,  the  grid  structure  24  is  provided  with 
reinforcing  webs  on  the  terminal  end  portions  of 
some  of  its  inner  straps  in  forming  a  more  rigid 
structure  and  to  prevent  the  border  straps  from 

10  warping  and  bowing,  due  to  thermal  induced 
stresses.  More  particularly,  and  still  referring  to 
Figures  5  and  6,  an  upper  reinforcing  web  62  is 
integrally  formed  on  the  upper  edge  of  the  ter- 
minal  end  portion  of  the  inner  straps  34,  while  a 

15  smaller  lower  reinforcing  web  64  is  formed  on  the 
lower  edge  of  the  terminal  end  portion  of  the 
inner  straps.  Upper  web  62  slopes  upwardly  and 
outwardly  from  the  top  edge  of  the  inner  strap  to 
the  lateral  face  of  the  respective  border  strap,  and 

20  lower  web  64  slopes  downwardly  and  outwardly 
from  the  lower  edge  of  the  inner  strap  to  the 
lateral  face  of  its  respective  border  strap.  As  can 
be  appreciated,  with  the  addition  of  webs  62  and 
64,  the  height  of  the  terminal  end  edge  of  the 

25  inner  strap  has  been  substantially  increased, 
thereby  providing  a  longer  lineal  surface  for 
reinforcing  and  strengthening  the  attachment 
connection  of  the  inner  straps  34  with  the 
respective  border  straps  48,  50. 

30  As  noted  earlier  herein,  the  partial  grid  struc- 
ture  has  a  two-fold  purpose;  the  one  purpose 
being  for  mounting  of  coolant  deflecting  means, 
as  fully  described  above,  and  the  other  purpose 
being  for  the  lateral  positioning  or  spacing  of  the 

35  fuel  rods,  which  will  now  be  discussed  briefly 
with  reference  to  Figure  7.  Shown  is  an  eleva- 
tional  view  of  a  portion  of  an  interleaved  grid 
strap  34'  with  the  corresponding  straps  extending 
perpendicularly  thereto,  being  seen  in  section. 

40  Associated  with  each  of  the  cell  openings  36' 
defined  by  the  grid  straps  34'  are  both  rigid  and 
resilient  means,  of  a  conventional  construction, 
formed  integrally  thereon  and  projecting  into 
each  opening  36'  through  which  a  fuel  rod 

45  passes.  The  rigid  and  resilient  means  support  the 
fuel  rods  (not  shown)  against  lateral  displacement 
and,  to  a  given  extent,  frictionally  against  longi- 
tudinal  movement.  The  rigid  means  comprise  two 
longitudinally  spaced  rigid  projections  66  which 

50  engage  the  fuel  rod  on  one  side.  The  resilient 
means  comprises  a  spring  finger  68  which 
engages  the  fuel  rod  on  the  side  directly  opposite 
to  the  rigid  projections  66  and  at  a  longitudinal 
point  preferably  midway  between  the  rigid  pro- 

55  jections  66.  Another  identical  set  of  lateral 
supports  is  formed  on  the  other  two  straps  which 
form  the  opening  36',  so  as  to  support  the  fuel 
rods  at  the  same  longitudinal  location  but  sub- 
stantially  perpendicular  to  the  first  set  of  lateral 

60  supports.  Thus,  a  six-point  lateral  support  is 
provided  for  each  fuel  rod  (not  shown)  at  each 
opening  36'  through  which  the  fuel  rod  passes. 
This  six-point  lateral  support  is  of  the  type 
described  in  the  above-referenced 

65  US  —  A—  4,061,536.  It  will  be  noted  that  there  are 

least  one  of  its  associated  inner  strap  segments, 
and,  preferably,  there  are  three  dimples  54,  one 
on  each  of  the  three  inner  strap  segments.  The 
respective  corner  border  cell  openings  are  also 
similar  in  construction,  having  at  least  one  mixing 
vane  on  one  of  its  inner  strap  segments  and  a 
dimple  formed  on  both  of  its  inner  strap  seg- 
ments.  The  mixing  vanes  and  dimples  associated 
with  each  of  the  border  cell  openings  52,  54  are 
identical  to  the  mixing  vanes  42  and  dimples  44 
associated  with  an  inner  cell  opening  36.  Formed 
on  the  border  strap  segment  (48,  50)  of  each 
border  cell  opening  52,  54  is  a  pair  of  axially 
spaced  protrusions  56,  whereas  the  two  border 
strap  segments  associated  with  the  corner  border 
cell  openings  each  contain  one  such  protrusion, 
identical  to  protrusion  56  (see  Figures  3  and  4). 
Protrusions  56  project  only  slightly  into  the 
respective  border  cell  openings  52,  54  and  are 
generally  trapezoidal  in  shape.  The  orientation  of 
the  protrusions  56  is  such  tfiat  they  are  closed  to 
the  passage  of  the  longitudinal  coolant  flow 
therethrough. 

As  best  seen  in  Figures  3  and  4,  mounted  on  the 
upper  lengthwise  edge  of  the  respective  inner  and 
outer  border  straps  50  and  52,  at  predetermined 
locations  thereaiong,  is  a  series  of  transversely 
spaced,  cantilevered  fins  58  that  project  upwardly 
and  inwardly  toward  the  longitudinal  axis  of  the 
grid  structure  24.  Fins  58  serve  to  deflect  the 
upwardly  flowing  coolant  away  from  the  outer 
periphery  of  the  grid  structure  and  across  the  fuel 
rods  18  of  the.  fuel  rod  group.  Mounted  on  the 
lower  lengthwise  edge  of  the  outer  border  strap 
48,  at  predetermined  locations  thereaiong,  is  a 
series  of  inwardly  curved  tabs  60.  Tabs  60  facili- 
tate  the  assembling  of  grid  structure  24  on  the 
guide  thimbles  14,  and  they  also  assist  in  the 
installation  and  removal  of  a  fuel  assembly  in  a 
reactor  core  as  the  fuel  assembly  is  slid  longi- 
tudinally  along  an  adjacent  fuel  assembly  within 
the  core.  It  should  be  noted  that  the  inner  border 
strap  50  does  not  contain  any  such  tabs.  Prefer- 
ably,  fins  58  and  tabs  60  are  integrally  formed  on 
the  respective  border  straps  48,  50. 

To  reduce  the  pressure  drop  in  the  fuel 
assembly  10,  grid  structure  24  has  been  speci- 
fically  designed  with  a  minimum  of  parasitic 
material.  As  best  seen  in  Figures  5  and  6,  the 
height  "h"  in  the  longitudinal  or  axial  direction  of 
each  of  the  inner  straps  34  is  the  same,  the  height 
"H"  of  the  outer  strap  48  is  equal  to  the  height  of 
the  inner  border  strap  50,  and  the  height  "H"  of 
the  border  straps  48,  50  is  substantially  greater 
than  the  height  "h"  of  the  inner  straps  34.  Even 
though  the  height  of  the  inner  straps  34  has  been 
substantially  reduced,  the  structural  integrity  of 
grid  structure  24  has  been  maintained.  The 
greater  height  "H"  of  the  outer  border  strap  48 
not  only  provides  a  relatively  long  linear  surface 
for  sliding  past  an  adjacent  fuel  assembly,  but,  in 
addition  thereto,  it  enables  the  chamfers  on  its 
outer  corners  to  be  of  a  sufficient  linear  length 
whereby  corresponding  grids  on  adjacent  fuel 
assemblies  will  easily  slip  past  one  another. 
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guide  thimbles  extending  longitudinally  through 
the  array  of  fuel  rods,  and  fuel-rod  supporting 
grids  which  extend  across  the  fuel  assembly  and 
are  spaced  apart  in  the  longitudinal  direction 

5  thereof,  characterized  in  that  the  fuel  assembly 
(10)  includes  at  least  one  additional  transverse 
grid  which  is  supported  between  two  of  the  fuel- 
rod  supporting  grids  (16)  and  consists  of  at  least 
one  partial  grid  structure  (24;  70;  80;  90A;  90B; 

io  90C;  90D)  extending  across  only  a  portion  of  the 
fuel  assembly,  said  partial  grid  structure  being 
formed  of  straps  (34,  48,  50;  72,  78,  79;  82,  88,  89) 
arranged  in  an  egg-crate-like  manner  such  as  to 
define  a  plurality  of  ceil  openings  (36,  52,  54) 

15  through  which  extend  only  fuel  rods  (18)  asso- 
ciated  with  said  portion  of  the  fuel  assembly. 

2.  A  nuclear-reactor  fuel  assembly  according  to 
claim  1,  characterized  in  that  the  straps  of  said  or 
each  partial  grid  structure  comprise  a  plurality  of 

20  inner  interleaved  straps  (34;  72;  82),  an  outer 
border  strap  (48;  78;  88),  and  an  inner  border 
strap  (50;  79;  89),  said  inner  interleaved  straps 
having  end  portions  thereof  connected  to  the 
outer  and  inner  border  straps,  and  said  outer  and 

25  inner  border  straps  having  end  portions  thereof 
connected  to  each  other,  thereby  to  form  an 
integral  unit. 

3.  A  nuclear-reactor  fuel  assembly  according  to 
claim  2,  characterized  in  that  said  additional 

30  transverse  grid  consists  of  at  least  two  partial  grid 
structures  (70,  80;  90A—  D)  disposed  side-by-side 
and  with  the  inner  border  strap  (79;  89)  of  each 
partial  grid  structure  abutting  the  inner  border 
strap  of  each  partial  grid  structure  adjacent 

35  thereto. 
4.  A  nuclear-reactor  fuel  assembly  according  to  " 

claim  3,  characterized  in  that  said  partial  grid 
structures  (90A—  D)  include  at  least  one  partial 
grid  structure  (90C,  D)  which  has  cell  openings 

40  dimensioned  so  as  to  accommodate  fuel  rods  of  a 
diameter  different  from  the  diameter  of  the  fuel 
rods  accommodated  in  the  cell  openings  of  the 
other  partial  grid  structures  (90A,  B). 

5.  A  nuclear-reactor  fuel  assembly  according  to 
45  claim  3  or  4,  characterized  in  that  said  additional 

transverse  grid  includes  means  (92)  banding  all 
partial  grid  structures  (90A—  D)  together. 

6.  A  nuclear-reactor  fuel  assembly  according  to 
claim  2,  3,  4  or  5,  characterized  in  that  said  inner 

so  interleaved  straps  (34;  72;  82)  are  of  substantially 
lower  height  longitudinally  of  the  fuel  rods  than 
said  outer  border  straps  (48;  78;  88). 

7.  A  nuclear-reactor  fuel  assembly  according  to 
any  one  of  claims  2  to  6,  characterized  in  that  said 

55  inner  interleaved  straps  (34;  72;  82)  are  of  sub- 
stantially  lower  height  longitudinally  of  the  fuel 
rods  than  said  inner  border  straps  (50;  79;  89). 

8.  A  nuclear-reactor  fuel  assembly  according  to 
any  one  of  the  claims  2  to  7,  characterized  in  that 

eo  said  outer  and  inner  border  straps  (48,  50;  78,  79; 
88,  89)  are  substantially  equal  in  height  longi- 
tudinally  of  the  fuel  rods. 

9.  A  nuclear-reactor  fuel  assembly  according  to 
claim  8,  characterized  in  that  at  least  some  of  the 

65  inner  interleaved  straps  (34;  72;  82)  have  reinforc- 

no  mixing  vanes  on  grid  straps  34';  however,  in 
keeping  with  the  invention,  vanes,  such  as  mixing 
vanes  42,  may  be  added  on  straps  34'. 

The  invention  further  encompasses  partitioning 
the  plurality  of  fuel  rods  within  a  given  fuel 
assembly  into  separate  fuel  rod  groups  each 
having  a  partial  grid  structure  associated  there- 
with  so  as  to  form  a  grid  structure  assembly,  such 
as  the  one  diagrammatically  illustrated  in  Figure  8 
or  9. 

In  Figure  8,  there  are  shown  two  partial  grid 
structures  70  and  80.  These  grid  structures  are 
identical  to  each  other  except  that  grid  structure 
80  is  smaller  than  grid  structure  70.  Briefly,  grid 
structure  70  includes  interleaved  straps  72  which 
define  cell  openings  74  for  receiving  therethrough 
fuel  rods  76  of  one  fuel  rod  group;  an  outer 
border  strap  78  which  consists  of  three  separate 
strap  segments  connected  together;  and  an  inner 
border  strap  79  interconnecting  the  ends  of  the 
outer  border  strap  78.  Likewise,  grid  structure  80 
includes  interleaved  straps  82  which  define  cell 
openings  84  for  receiving  therethrough  fuel  rods 
86  of  another  fuel  rod  group;  an  outer  border 
strap  88  which  consists  of  three  separate  strap 
segments  connected  together;  and  an  inter- 
connecting  inner  border  strap  89.  The  arrange- 
ment  is  such  that  inner  border  strap  79  of  grid 
structure  70  is  disposed  in  abutting  engagement 
with  the  inner  border  strap  89  of  grid  structure  80. 

Figure  9  represents  the  combining  of  four  par- 
tial  grid  structures  90A,  90B,  90C  and  90D  for  use 
with  four  separate  fuel  rod  groups  within  a  given 
fuel  assembly.  Each  of  these  grid  structures  has 
two  outer  border  straps  and  two  inner  border 
straps,  the  inner  border  straps  of  each  structure 
being  disposed  in  abutting  engagement  with  the 
inner  border  straps  of  adjacent  structures.  It 
should  be  noted  that  the  cell  openings  of  grid 
structures  90A  and  90B  are  of  the  same  size,  and 
the  cell  openings  of  grid  structures  90C  and  90D 
are  of  the  same  size,  the  cell  openings  of  grid 
structures  90C  and  90D  being  substantially  larger 
than  the  cell  openings  of  the  grid  structures  90A 
and  90B.  The  reason  for  the  difference  in  size  of 
the  cell  openings  is  that  the  grid  structures  90C 
and  90D  are  fuel  rods  which  are  larger  in  diameter 
than  the  fuel  rods  in  the  grid  structures  90A  and 
90B.  The  grid  structures  90A,  90B,  90C  and  90D 
are  held  together  in  one  generally  horizontal 
plane  by  means  of  a  peripheral  band  92. 

The  partial  grid  structures  represented  in 
Figures  8  and  9  preferably  are  of  a  construction 
similar  to  that  of  the  partial  grid  structure  24 
shown  in  Figure  2,  and  may  be  provided  with 
coolant  mixing  vanes  or  be  of  the  type  having  fuel 
rod  lateral  support  means,  such  as  shown  in 
Figure  7,  or  alternatively,  may  be  provided  with 
both  coolant  deflecting  vanes  and  fuel  rod  lateral 
support  means. 

Claims 

1.  A  nuclear-reactor  fuel  assembly  including  an 
array  of  elongate  fuel  rods,  elongate  control-rod 
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least  some  of  the  cell  openings  (36,  52,  54) 
with  fuel  rods  (18)  therethrough  so  as  to  lat- 
erally  support  the  respective  fuel  rods. 

5  Patentanspriiche 

1.  Kernreaktor-Brennelement  mit  einer  Anord- 
nung  langgestreckter  Brennstabe,  langgestreck- 
ten  Steuerstabfuhrungsrohren,  die  in  Langsrich- 

10  tung  durch  die  Anordnung  der  Brennstabe  hin- 
durchverlaufen,  und  Brennstabhaltegittern,  die 
sich  quer  durch  das  Brennelement  erstrecken 
und  in  dessen  Langsrichtung  mit  Abstanden 
angeordnet  sind,  dadurch  gekennzeichnet,  daS 

15  das  Brennelement  (10)  mindestens  ein  zusatzli- 
ches  Quergitter  aufweist,  das  zwischen  zwei  der 
Brennstabhaltegitter  (16)  gehaltert  ist  und  aus 
mindestens  einer  Teilgitterkonstruktion  (24;  70; 
80;  90A;  90B;  90C;  90D)  besteht,  die  sich  nur 

20  iiber  einen  Teil  des  Brennelements  erstreckt 
und  aus  eierkistenartig  angeordneten  Streifen 
(34,  48,  50;  72,  78,  79;  82,  88,  89)  gebildet  ist, 
so  dafc  eine  Vielzahl  .von  Zellenoffnungen  (36, 
52,  54)  gebildet  ist,  durch  welche  nur  die  dem 

25  betreffenden  Teil  des  Brennelements  zugeord- 
neten  Brennstabe  (18)  hindurchverlaufen. 

2.  Kernreaktor-Brennelement  nach  Anspruch 
1,  dadurch  gekennzeichnet,  dalS  die  Streifen  der 
bzw.  jeder  Teilgitterkonstruktion  eine  Anzahl 

30  ineinandergreifenden  innerer  Streifen  (34;  72; 
82),  einen  aufceren  Randstreifen  (48;  78;  88) 
und  einen  inneren  Randstreifen  (50;  79;  89) 
aufweisen  und  die  ineinandergreifenden  inne- 
ren  Streifen  mit  ihren  Endteilen  mit  den  aulSe- 

35  ren  und  inneren  Randstreifen  verbunden  sind 
und  die  aulSeren  und  inneren  Randstreifen- 
ihrerseits  mit  ihren  Endteilen  zur  Bildung  einer 
zusammenhangenden  Einheit  miteinander  ver- 
bunden  sind. 

40  3.  Kernreaktor-Brennelement  nach  Anspruch 
2,  dadurch  gekennzeichnet,  daft  das  zusatzliche 
Quergitter  aus  mindestens  zwei  Teilgitterkon- 
struktionen  (70,  80;  90A  bis  D)  besteht,  wie 
nebeneinander  und  mit  dem  inneren  Randstrei- 

45  fen  (79;  89)  jeder  Teilgitterkonstruktion  an  den 
inneren  Randstreifen  jeder  benachbarten  Teilgit- 
terkonstruktion  anstoSend  angeordnet  sind. 

4.  Kernreaktor-Brennelement  nach  Anspruch 
3,  dadurch  gekennzeichnet,  daB  die  Teilgitter- 

so  konstruktionen  (90A  bis  D)  mindestens  eine 
Teilgitterkonstruktion  (90C,  90D)  enthalten, 
deren  Zellenoffnungen  so  dimensioniert  sind, 
daB  sie  Brennstabe  eines  Durchmessers  auf- 
nehmen  konnen,  der  von  dem  Durchmesser  der 

55  in  den  Zellenoffnungen  der  anderen  Teilgitter- 
konstruktionen  (90A,  90B)  aufgenommenen 
Brennstabe  verschieden  ist. 

5.  Kernreaktor-Brennelement  nach  Anspruch  3 
oder  4,  dadurch  gekennzeichnet,  date  das 

60  zusatzliche  Quergitter  Mittel  (92)  zum  Verbinden 
aller  Teilgitterkonstruktionen  (90A  bis  D)  auf- 
weist. 

6.  Kernreaktor-Brennelement  nach  Anspruch 
2,  3,  oder  5,  dadurch  gekennzeichnet,  dalS  die 

65  ineinandergreifenden  inneren  Streifen  (34;  72; 

ing  webs  (62,  64)  formed  on  the  end  portions 
thereof  which  connect  the  respective  inner 
interleaved  straps  to  the  border  straps  (48,  50; 
78,  79;  88,  89). 

10.  A  nuclear-reactor  fuel  assembly  according 
to  any  one  of  claims  2  to  9,  characterized  in 
that  said  or  each  partial  grid  structure  includes 
means  (42,  58)  for  laterally  deflecting  coolant 
flowing  through  the  partial  grid  structure. 

11.  A  nuclear-reactor  fuel  assembly  according 
to  claim  10,  characterized  in  that  the  deflecting 
means  comprise  mixing  vanes  (42)  disposed  on 
the  inner  interleaved  straps  (34;  72;  82)  and 
projecting  from  the  downstream  edges  thereof, 
having  regard  to  the  direction  of  coolant  flow, 
each  of  at  least  some  of  the  cell  openings  (36) 
with  fuel  rods  (18)  therethrough  having  asso- 
ciated  therewith  at  least  one  of  said  mixing 
vanes  (42),  and  each  mixing  vane  extending 
and  being  shaped  in  a  manner  such  as  to 
deflect  coolant  from  the  associated  cell  opening 
(36)  toward  a  fuel  rod  (18)  extending  through 
an  adjcent  cell  opening  (36). 

12.  A  nuclear-reactor  fuel  assembly  according 
to  claim  11,  characterized  in  that  each  mixing 
vane  (42)  has  associated  therewith  a  protrusion 
(44)  which  extends  from  the  same  strap 
inwardly  of  the  associated  cell  opening  (36)  to 
an  extend  sufficient  to  prevent  the  fuel  rod  (18) 
extending  through  said  associated  cell  opening 
from  impacting  upon  the  mixing  vane  therein 
when  subject  to  lateral  forces. 

13.  A  nuclear-reactor  fuel  assembly  according 
to  claim  10,  11  or  12,  characterized  in  that  the 
deflecting  means  comprise  fins  (58)  disposed 
on  the  outer  border  strap  (48;  78;  88)  and 
extending  from  the  downstream  edge  thereof, 
having  regard  to  the  direction  of  coolant  flow, 
said  fins  (58)  being  angled  inwards  of  the  par- 
tial  grid  structure  as  viewed  in  extension. 

14.  A  nuclear-reactor  fuel  assembly  according 
to  claim  10,  11,  12  or  13,  characterized  in  that 
the  deflecting  means  comprise  fins  (58)  dis- 
posed  on  the  inner  border  strap  (50;  79;  89) 
and  extending  from  the  downstream  edge 
thereof,  having  regard  to  the  direction  of  cool- 
ant  flow,  said  fins  (58)  on  the  inner  border 
strap  being  angled  inwards  of  the  partial  grid 
structure  as  viewed  in  extension. 

15.  A  nuclear-reactor  fuel  assembly  according 
to  any  one  of  claims  2  to  14,  characterized  in 
that  at  least  the  outer  one  of  said  outer  and 
inner  border  straps  (48,  50;  78,  79;  88,  89) 
includes  means  (60)  for  facilitating  the  installa- 
tion  and  removal  of  the  fuel  assembly  in  and 
from,  respectively,  a  reactor  core,  said  means 
(60)  comprising  tabs  disposed  on  and  extend- 
ing  from  the  upstream  edge  of  the  border 
strap,  having  regard  to  the  direction  of  coolant 
flow,  and  which  tabs  are  curved  inwards  of  the 
partial  grid  structure  as  viewed  in  extension. 

16.  A  nuclear-reactor  fuel  assembly  according 
to  any  one  of  claims  2  to  15,  characterized  in 
that  the  inner  interleaved  straps  (34;  72;  82) 
have  thereon  means  (66,  68)  extending  into  at 
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ragen,  und  dalS  die  Rippen  (58)  am  inneren 
Randstreifen  mit  Bezug  auf  eine  gedachte  Verlan- 
gerung  der  Teilgitterkonstruktion  einwarts  abge- 
winkelt  sind. 

5  15.  Kernreaktor-Brennelement  nach  einem  der 
Anspruche  2  bis  14,  dadurch  gekennzeichnet,  dalS 
mindestens  der  aulSere  der  aufSeren  und  inneren 
Randstreifen  (48,  50;  78,  79;  88,  89)  Mittel  (60)  zur 
Erleichterung  des  Einbaus  und  des  Herausneh- 

w  mens  des  Brennelements  in  einen  bzw.  aus  einem 
Reaktorkern  aufweist  und  dalS  diese  Mittel  (60) 
Zungen  aufweisen,  die  an  der  mit  Bezug  auf  die 
Kuhlmittelstrdmungsrichtung  stromaufwartigen 
Kante  des  Randstreifens  angeordnet  sind  und 

15  davoa  wegragen  und  die  mit  Bezug  auf  eine 
gedachte  Verlangerung  der  Teilgitterkonstruktion 
einwarts  gebogen  sind. 

16.  Kernreaktor-Brennelement  nach  einem  der 
Anspruche  2  bis  15,  dadurch  gekennzeichnet,  dalS 

20  die  ineinandergreifenden  inneren  Streifen  (34; 
72;  82)  daran  angeordnete  Mittel  (66,  68)  aufwei- 
sen,  die  in  mindestens  einige  der  Zellenoffnungen 
(36,  52,  54)  mit  hindurchlaufenden  Brennstaben 
(18)  zur  seitlichen  Abstutzung  der  betreffenden 

25  Brennstabe  hineinragen. 

Revendications 

1.  Assemblage  combustible  de  reacteur 
30  nucleaire  comprenant  un  faisceau  de  barres  allon- 

gees  de  combustible,  des  tubes-guides  allonges 
de  barres  de  commande  traversant  longitudinale- 
ment  le  faisceau  de  barres  de  combustible,  et  des 
grilles  de  maintien  des  barres  de  combustible  qui 

35  sont  disposees  transversalement  a  I'assemblage 
combustible  et  sont  espacees  dans  le  sens  longi- 
tudinal  de  ce  dernier,  cet  assemblage  combusti- 
ble  (10)  etant  caracterise  en  ce  qu'il  comprend  au 
moins  une  grille  transversale  supplemental  qui 

40  est  supportee  entre  deux  des  grilles  (16)  de 
maintien  des  barres  de  combustible  et  qui  se 
compose  d'au  moins  une  struture  partielle  de 
grille  (24;  70;  80;  90A;  90B;  90C;  90D)  disposee 
transversalement  a  une  partie  seulement  de  I'as- 

45  semblage  combustible,  cette  structure  partielle  de 
grille  etant  former  de  lames  (34,  48,  50;  72,  78,  79; 
82,  88,  89)  disposees  suivant  un  agencement  a 
claire-voie  de  maniere  a  determiner  une  pluralite 
d'ouvertures  cellulaires  (36,  52,  54)  dans  les- 

50  quelles  passent  uniquement  les  barres  (18)  de 
combustible  associees  a  cette  partie  de  I'assem- 
blage  combustible. 

2.  Assemblage  combustible  de  reacteur 
nucleaire  suivant  la  revendication  1,  caracterise 

55  en  ce  que  les  lames  de  cette  structure  partielle  de 
grille  ou  de  chacune  de  ces  structures  partielles 
de  grille  comprennent  une  pluralite  de  lames 
interieures  entrecroisees  (34;  72;  82),  une  lame 
exterieure  d'encadrement  (48;  78;  88),  et  une 

60  lame  interieure  d'encadrement  (50;  79;  89),  ces 
lames  interieures  entrecroisees  ayant  des  parties 
d'extremite  qui  sont  reliees  aux  lames  exterieure 
et  interieure  d'encadrement,  et  ces  lames  exte- 
rieure  et  interieure  d'encadrement  ayant  des  par- 

65  ties  d'extremite  qui  sont  reliees  les  unes  aux 

82)  eine  in  Langsrichtung  der  Brennstabe  wesent- 
lich  geringere  Hohe  als  die  aulSeren  Randstreifen 
(48;  78;  88)  haben. 

7.  Kernreaktor-Brennelement  nach  einem  der 
Anspruche  2  bis  6,  dadurch  gekennzeichnet,  daS 
die  ineinandergreifenden  inneren  Streifen  (34; 
72;  82)  eine  in  Langsrichtung  der  Brennstabe 
wesentlich  geringere  Hohe  als  die  inneren  Rand- 
streifen  (50;  79;  89)  haben. 

8.  Kernreaktor-Brennelement  nach  einem  der 
Anspruche  2  bis  7,  dadurch  gekennzeichnet,  dalS 
die  auSeren  und  inneren  Randstreifen  (48,  50;  78, 
79;  88,  89)  eine  in  Langsrichtung  der  Brennstabe 
im  wesentlichen  gleiche  Hohe  haben. 

9.  Kernreaktor-Brennelement  nach  Anspruch  8, 
dadurch  gekennzeichnet,  dalS  mindestens  einige 
der  ineinandergreifenden  inneren  Streifen  (34; 
72;  82)  an  den  die  betreffenden  inneren  Streifen 
mit  den  Randstreifen  (48,  50;  78,  79;  88,  89) 
verbindenden  Endteilen  gebildete  Verstarkungs- 
stege  (62,  64)  aufweisen. 

10.  Kernreaktor-Brenneiement  nach  einem  der 
Anspruche  2  bis  9,  dadurch  gekennzeichnet,  daB 
die  bzw.  jede  Teilgitterkonstruktion  Mittel  (42,  58) 
zur  seitlichen  Ablenkung  von  durch  die  Teilgitter- 
konstruktion  stromendem  Kuhlmittel  aufweist. 

11.  Kernreaktor-Brennelement  nach  Anspruch 
10,  dadurch  gekennzeichnet,  dalS  die  Ablenkmittel 
Mischflugel  (42)  aufweisen,  die  an  den  ineinan- 
dergreifenden  inneren  Streifen  (34;  72;  82)  ange- 
ordnet  sind  und  von  deren  mit  Bezug  auf  die 
Kuhlmittelstromungsrichtung  stromabwartigen 
Kanten  wegragen,  wobei  mindestens  einigen  der 
Zellenoffnungen  (36)  mit  hindurchverlaufenden 
Brennstaben  (18)  mindestens  einer  der  Mischflu- 
gel  (42)  zugeordnet  ist  und  wobei  jeder  Mischflu- 
gel  so  verlauft  und  derart  gestaltet  ist,  daB  er 
Kuhlmittel  von  der  zugeordneten  Zellenoffnung 
(36)  zu  einem  durch  eine  benachbarte  Zellenoff- 
nung  (36)  hindurchverlaufenden  Brennstab  (18) 
hin  ablenkt. 

12.  Kernreaktor-Brennelement  nach  Anspruch 
11,  dadurch  gekennzeichnet,  dafc  jedem  Mischflu- 
gel  (42)  ein  Vorsprung  (44)  zugeordnet  ist,  der 
vom  gleichen  Streifen  beziiglich  der  zugeordne- 
ten  Zellenoffnung  (36)  in  ausreichendem  MaSe 
einwarts  verlauft,  urn  zu  verhindern,  dafS  der 
durch  die  betreffende  Zellenoffnung  hindurchver- 
laufenden  Brennstab  (18)  bei  Einwirkung  seitli- 
cher  Krafte  auf  den  Mischflugel  aufschlagt. 

13.  Kernreaktor-Brennelement  nach  Anspruch 
10,  11  Oder  12,  dadurch  gekennzeichnet,  daS  die 
Ablenkmittel  Rippen  (58)  aufweisen,  die  am  aufce- 
ren  Randstreifen  (48;  78;  88)  angeordnet  sind  und 
von  dessen  mit  Bezug  auf  die  Kuhlmittelstro- 
mungsrichtung  stromabwartiger  Kante  wegra- 
gen,  und  daB  diese  Rippen  (58)  mit  Bezug  auf  eine 
gedachte  Verlangerung  der  Teilgitterkonstruktion 
einwarts  abgewinkelt  sind. 

14.  Kernreaktor-Brennelement  nach  Anspruch 
10,  11,  12  oder  13,  dadurch  gekennzeichnet,  daS 
die  Abienkmittel  Rippen  (58)  aufweisen,  die  auf 
dem  inneren  Randstreifen  (50;  79;  89)  angeordnet 
sind  und  von  dessen  mit  Bezug  auf  die  Kuhlmittel- 
stromungsrichtung  stromabwartiger  Kante  weg- 
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nucleaire  suivant  la  revendication  10,  caracterise 
en  ce  que  les  moyens  deflecteurs  comprennent 
des  palettes  melangeuses  (42)  disposees  sur  les 
lames  interieures  entrecroisees  (34;  72;  82)  et 

5  partant  des  bords  aval  de  celles-ci  lorsqu'on 
considere  le  sens  de  I'ecoulement  du  fluide  de 
refroidissement,  au  moins  une  de  ces  palettes 
melangeuses  (42)  etant  associee  a  chacune  d'au 
moins  certaines  ouvertures  cellulaires  (36)  traver- 

io  sees  par  des  barres  (18)  de  combustible,  et  cha- 
que  palette  melangeuse  se  prolongeant  et  etant 
conformee  de  maniere  a  faire  devier  le  fluide  de 
refroidissement  de  I'ouverture  cellulaire  associee 
(36)  vers  une  barre  (18)  de  combustibletraversant 

15  une  ouverture  cellulaire  contigue  (36). 
12.  Assemblage  combustible  de  reacteur  sui- 

vant  la  revendication  11,  caracterise  en  ce  qu'a 
chaque  palette  melangeuse  (42)  est  associee  une 
saillie  (44)  qui  part  de  la  meme  lame  vers  i'inte- 

20  rieur  de  I'ouverture  cellulaire  associee  (36)  en  se 
prolongeant  sur  une  distance  suffisante  pour 
empecherque  la  barre  (18)  de  combustibletraver- 
sant  cette  ouverture  cellulaire  associee  ne  heurte 
la  palette  melangeuse  qui  s'y  trouve,  lorsque'elle 

25  est  soumise  a  des  forces  laterales. 
13.  Assemblage  combustible  de  reacteur 

nucleaire  suivant  la  revendication  10,  11  ou  12, 
caracterise  en  ce  que  les  moyens  deflecteurs 
comprennent  des  ailettes  (58)  disposees  sur  la 

30  lame  d'encardrement  exterieure  (48;  78;  88)  et 
partant  du  bord  aval  de  cette  lame  lorsque'on 
considere  le  sens  de  I'ecoulement  du  fluide  de 
refroidissement,  ces  ailettes  (58)  etant  pliees  vers 
I'interieur  de  la  structure  partielle  de  grille  dans  la 

35  vue  en  elevation. 
14.  Assemblage  combustible  de  reacteur 

nucleaire  suivant  Tune  des  revendications  10,  11, 
12  ou  13,  caracterise  en  ce  que  les  moyens 
deflecteurs  comprennent  des  ailettes  (58)  dispo- 

40  sees  sur  la  lame  interieure  d'encadrement  (50;  79; 
89)  et  partant  du  bord  aval  de  cette  lame  lors- 
qu'on  considere  le  sens  de  I'ecoulement  du  fluide 
de  refroidissement,  ces  ailettes  (58)  disposees  sur 
la  lame  interieure  d'encadrement  etant  pliees  vers 

45  I'interieur  de  la  structure  partielle  de  grille  dans  la 
vue  en  elevation. 

15.  Assemblage  combustible  de  reacteur 
nucleaire  suivant  I'une  quelconque  des  revendi- 
cations  2  a  14,  caracterise  en  ce  qu'au  moins  celle 

so  des  lames  exterieure  et  interieure  d'encadrement 
(48,  50;  78,  79;  88,  89)  qui  est  exterieure  com- 
prend  des  moyens  (60)  pour  faciliter  respec- 
tivement  le  chargement  de  I'assemblage  combus- 
tible  dans  un  coeur  de  reacteur  et  sont  decharge- 

55  ment  de  ce  coeur,  ces  moyens  (60)  comprenant 
des  pattes  diposees  sur  la  lame  d'encadrement  et 
partant  du  bord  amont  de  cette  lame  lorsque'on 
considere  le  sens  de  'ecoulement  du  fluide  de 
refroidissement,  ces  pattes  etant  pliees  vers  I'inte- 

eo  rieur  de  la  structure  partielle  de  grille  dans  la  vue 
en  elevation. 

16.  Assemblage  combustible  de  reacteur 
nucleaire  suivant  I'une  quelconque  des  revendi- 
cations  2  a  15,  caracterise  en  ce  que  sur  les  lames 

65  interieures  entrecroisees  (34;  72;  82)  sont  formes 

autres  de  maniere  a  former  un  ensemble  mono- 
bloc. 

3.  Assemblage  combustible  de  reacteur 
nucleaire  suivant  la  revendication  2,  caracterise 
en  ce  que  cette  grille  transversale  supplemental  
se  compose  d'au  moins  deux  structures  partielles 
de  grille  (70,  80;  90A  a  90D)  disposees  cote  a  cote, 
la  lame  interieure  d'encadrement  (79;  89)  de 
chaque  structure  partielle  de  grille  s'appuyant 
contre  la  lame  interieure  d'encadrement  de  cha- 
que  structure  partielle  de  grille  qui  lui  est  conti- 
gue. 

4.  Assemblage  combustible  de  reacteur 
nucleaire  suivant  la  revendication  3,  caracterise 
en  ce  que  ces  structures  partielles  de  grille  (90A  a 
90D)  comprennent  au  moins  une  structure  par- 
tielle  de  grille  (90C,  90D)  dont  les  ouvertures 
cellulaires  sont  dimensionnees  pour  recevoir  des 
barres  de  combustible  d'un  diamtre  different  de 
celui  des  barres  de  combustible  logees  dans  les 
ouvertures  cellulaires  des  autres  structures  par- 
tieiles  de  grille  (90A,  90B). 

5.  Assemblage  combustible  de  reacteur 
nucleaire  suivant  la  revendication  3  ou  4,  caracte- 
rise  en  ce  que  cette  grille  transversale  supplemen- 
taire  comprend  un  moyen  (92)  ceinturant  toutes 
les  structures  partielles  de  grille  (90A  a  90D). 

6.  Assemblage  combustible  de  reacteur 
nucleaire  suivant  I'une  des  revendications  2,  3,  4 
ou  5,  caracterise  en  ce  que  les  lames  interieures 
entrecroisees  (34;  72;  82)  ont,  dans  le  sens  longi- 
tudinal  des  barres  de  combustible,  une  hauteur 
sensiblement  inferieure  a  celle  des  lames  exte- 
rieures  d'encadrement  (48;  78;  88). 

7.  Assemblage  combustible  de  reacteur 
nucleaire  suivant  I'une  quelconque  des  revendi- 
cations  2  a  6,  caracterise  en  ce  que  les  lames 
interieures  entrecroisees  (34;  72;  82)  ont,  dans  le 
sens  longitudinal  des  barres  de  combustible,  une 
hauteur  sensiblement  inferieure  a  celle  des  lames 
interieures  d'encadrement  (50;  79;  89). 

8.  Assemblage  combustible  de  reacteur 
nucleaire  suivant  I'une  quelconque  des  revendi- 
cations  2  a  7,  caracterise  en  ce  que  ces  lames 
exterieures  et  interieures  d'encardrement  (48,  50; 
78,  79;  88,  89)  ont  sensiblement  la  meme  hauteur 
dans  le  sens  longitudinal  des  barres  de  combusti- 
ble. 

9.  Assemblage  combustible  de  reacteur 
nucleaire  suivant  la  revendication  8,  caracterise 
en  ce  qu'au  moins  certaines  des  lames  interieures 
entrecroisees  (34;  72;  82)  comportent  des  ner- 
vures  de  renfort  (62,  64)  formees  sur  leurs  parties 
d'extremite  qui  relient  les  lames  interieures  entre- 
croisees  respectives  aux  lames  d'encadrement 
(48,  50;  78,  79;  88,  89). 

10.  Assemblage  combustible  de  reacteur 
nucleaire  suivant  I'une  quelconque  des  revendi- 
cations  2  a  9,  caracterise  en  ce  que  cette  structure 
partielle  de  grille  ou  chacune  des  structures  par- 
tielles  de  grille  comprend  des  moyens  (42,  58) 
pour  faire  devier  lateralement  le  fluide  de  refroi- 
dissement  qui  s'ecoule  dans  la  structure  partielle 
de  grille. 

11.  Assemblage  combustible  de  reacteur 
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des  moyens  (66,  68)  qui  penetrent  dans  au  moins  maniere  a  maintenirlateralement  des  barres  res- 
certaines  des  ouvertures  cellulaires  (36,  52,  54)  pectives  de  combustible, 
traversees  par  des  barres  (18)  de  combustible  de 
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