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       A  Study on  the
Mounted  on  a  Plate

Flow
with

around  a  Strut
an  Angle of Attack

by Sun-Young Kim*,Member Kazu-hiro Mori*, Member

                                    Summary

 A  compvtational  and  experimental  study  on  the fiow around  the strut-plate  juncture with  zero  and

5 
'

 angle  ef  attack  is presented to make  clear  it$ fiow chara,cteristics. The  separation  Iines on  the

surface  of the plate and  the strut being visualized,  the flows are  simulated  by  solving  the Navier-Stokes
equation$  for the two  Reynolds nurnbers,  103 and  le`, The  computational  results  seern  to agree  with  the

visualized  fiows qua]itatively, Characteristics of the junction flow are discussed by rnaking  use  of the

computational  results, It is made  clear  that the effects  ef the Reynolds number  and  the angle  of  attack

on  the flow are  noticeable,  The  estimated  pressure and  skin  friction on  the strut showed  a strong

three-dimensionaiity in spanwise.  It can  be concluded  that such  numerical  studies  can  be an  effective

tool for the study  of  complicated  flow.

1. Introduction

 When  an  oncoming  boundary layer fiow encounters  a

body mounted  on  the plate, the fiow separates  in front

of the body due to the blocking effect,  The  separated

flow forms  several  vortices  depending on  the fiow cendi-
tions  and  they  sweep  around  the body to generate

horseshoe vortices  and  interact with  the corner  fiow at
the down$tream  This fiow is sometimes  called  junctien
flow and  can  be found in the  juncture of  the appendages

attachod  to a  chip hull.

  The study  Qf a junction fiow is practically important
because the generated horsesoe vortices  greatly affect

the resistance,  the performance  of  the appendages  and

the other  devices located downstream. Especially for
high speed  twin-$crew ships  with  relatively  large
appendages,  the increase of  the resistance  by append-

ages  amounts  to 20-3e %  of  the total resistance  of  the

shipi).  Although  seme  systernatic  experimental  studies

are  perforrned through conventional  tank  testS2), the
estimation  of  the resistance  of the appendages  meets

with  diMculty in the nncertainty  of  the scale  effect,  The
basic understanding  about  the junction flow is required
to cope  with  unconventional  high-speed ships  which

may  have new  type  appendages,

  Most of  the previous studies  on  the junction fiow have
been performed  for a  simple  cenfiguration  ef  body and

plate  to understand  the fundamental mechanism  of the

junction flow by simplifying  the problem  ; studies  have
been  ¢ arried  out  to understancl  the  structure  ef  the
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horseshoe vortex  on  the surface  of  the  circular  cylinder

and  plate by  flow visualizatiGn  and  pressure

measurements3'`'5).  Although detailed experimental  mea-

surements  iitcluding velocities  and  turbulent intensities

of the fiow have been obtained  to provide  the data base

for the study  of junction flow6'',S'9], numerical  simulation

is indispensable for the further understanding,  Nuriieri-

cal studies  of the  junction fiow by the solution  of the

Navier-Stokes equations  have  been alse  carried  out  for
the  laminariO) and  turbulenti',i2} junction flbws.
  A]l of  the above  studies,  however,  have been for the
zero  angle  of  ineiclence except  Briely et  al.i3} where  the

flow only  near  the leading edge  is computed  for the 5 D

angle  of attack.  The  study  on  the effects  of  the infiow
angle  on  the junction flow is important as  rnost  of  the

appendages  in application  !ies in the flow with  some

incidenee angle.

  The  present study  is initiated to make  clear  the flow
mechanism  of  the junction fiow both by numerical･

simulation  and  experiments  where  the effects of  the

angle  of attaek  or  inclination of  the strut and  the

curvature  of  the plate on  the fiow and  drag  will  be

investigated.
  In this paper, as a  first step,  a  laminar  junctien flow
around  a  strut  mounted  on  the fiat plate with!without

angle  of attack  is investigated by rnaking  use  ef  the

numerical  solutions  of  the Navier-Stokes equations.

Flow  vjsualizations  are  carried  out  in advance  to grasp
a general understanding  of  the fiow, The  numerical

solutions  have been obtained  for the zero  and-5"  inci-
dence angle  at  two  Reynolds nurnbers,  The  characteris-

tics of the effects  of the Reynolds number  and  the
incidence angle  on  the iunction fiow are  discussed. Other
relatecl  experimental  data are  found in the reference").

:11
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            2. Flow Visuahzation

  An  expenmental  study  is carried  out  to have a  gen
era]  understandmg  about  junction fiows Separahon
lmes on  the plate  and  strut were  visualized  by  mputtmg

a  solution  of  powder  and  dye on  the surfaces

 The profile of the strut section  is shown  in  Table 1
whose  chord  length L and  height are 40 cm  and  l2L

respectively  The  leadtng edge  of the plate 1ies 19L
upstream  of that of the  strut Detads  on  the experimen

tal method  and  full data mcluding  pressure measure

ments  can  be found in  the referencei`]

  Fig 1(a)  shows  the  separation  1ines on  the plate
when  the flow comes  toward  the strut  with  5 

"

 angle  of

attack  at  the speed  of O 2 ml$  
,
 the Reynolds number  Rn

is about  8*10  ̀ The  black lmes represent  the place
where  the dye is aceumulated  So they can  be assumed
as  separation  lmes  because the  shear  stresses  are  very

Table 1The  0ffset of  the Seetion of  the Strut

smal]  there Two  separation  1ines can  be seen  in  this

figure The one  wrapping  around  the strut is made

because of  the strong  adverse  pressure  gradient m  front
of  the strut and  the other  is a  fish tail 1ike hne behmd

the strut  which  occurs  due to the  trailmg  edge  separa

tion bue to the angle  of  attack  the separation  1ines are

unsytnmetry  On  the sttction side, the former goes closer

to  the strut and  the latter shifts  to the direction of  the

trailmg edge  from  the center  lme

  Fig 1(b) shows  the separation  1ines on  the strut  for
the flow without  angle  of  attack  at  the speed  of O 1 rn!

s The  separation  deiays around  the top of the strut  but
occures  earlier near  the root  compared  with  the middle

part High momentum  supplied  by the fiow above  the
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strut  make  the separatien  deiayed around  the top while

the flow within  boundary layer with  lower momentum

makes  the fiow separated  earlier  near  the root.  Another

separation  line near  the  juncture of  the trailing edge

and  plate can  be seen  which  is a result  of  strong  back
fiow around  the trailing edge.  From  this photograph, a

lengitudinal component  of  vortex  is supposed  to exist

between these separatin  lines.

  Figs. 1(c)  and  1(d)  show  the separation  lines on  the

strut  for the  flow with  5 
O

 angle  of attack  at O,1 m7s;
Fig.1(c) shows  the suction  side  and  Fig,1<d)  the

pressure side.  On the  pressure side, the characteristics  of

the streamlines  are  generally similar  to those without

angle  of attaek  shewn  in Fig.1(b)  but those  on  the

suctien  side  are  different frorn others  especially  near  the

root  where  separation  delays neticeab]y.

  It can  be understood  from the results  of the fiow
visualization  that the behavior of the horseshoe vortex
affects  not  only  the fiow on  the  plate but also  the

separation  en  the strut. However it is not  easy  to

understand  the structure  of the inner fiow precisely only
from these experimental  results. A  numerical  study

parallel to the experiments  seems  indispensable for a
sound  understanding.

          3. ComputationalMethod

 3.1 Governing Equatien

  The  governing  equations  for the incornpressible un-

steady  fiow are  given by the Navier-Stokes and  eontinu-

ity equations,  They  can  be written  in the nondimensinal-
ized form as  follows ;

   ut+uorx+vuytwort  ==`Px+  i. V2u  ,

                            1
   vt+uvi+vvy+Wva  

=-Py+R.V2V

 (D

                           1
                             V2w   zvt+uwx4'-vwy+zvwa=-Pt+
                           Rn
   ux+vy+wtt=O  (2>
where  subscripts  represent  panial  differentiations with

respect  to the referred  variables  and  <u, v,  w)  and  p are

the velocity  compenents  in (x,y,z)-direction of the

cartesian  coordinates  and  the static pressure respect}ve･

ly, AII the variab]es  are  nondimensionalized  by the

chord  length of  the strut  L, the uniform  fiow velocity  Ub
and  the clensity of water  p. Rn is the Reynolds number
based on  Ue and  L.

  To  represent  the body  accurately  a  body-fitted coordi-

nate  systern  is adopted  and  transforrnation is given by
   E= 6(x, y, z}, op -=  o(x,  y, z), g== g(x, y, z)  (3)

  With these relations,  the fo]lewing transforrned govern-
ing equations  are  obtainecl.

    ut  +  Uue+  Viee 'F PVlecg -L -(4=Pe+  rpxPrp+ g}P;)

                       .  1 v2u
                         Rn

    Vt+  Uve+  Vlase+ Wt,# s-(EuPs+ogPnH-  gLiPg)
                         1
                       +  R. VZv

   wt  +  Uwe+  Vivi+ Wzvgtz -(4:Pe+ nyzPo+  u':Pc)

                   +1                       V2w
                     Rn

&ueH'otu"+g}scr+&ve+7yVo
  +  ll,vc +  g'2ws +  opewny + glewg 

==
 O

where  U, V  and  W

components  defined as

   U=6xu+6yv+&w

   V=n=u+nyyv+viw
   va=s"rar+kv+;w

(4)

(5)

are  the contravariant  veleclty

C6)

Laplacian V2 can  be expressed  in the body fitted coordi-

nates  as  foilowing form ;

   v2q=(ec+g;+e)ase+(nyg+rpe+ot2)qeo+<e

        +  .k,I+  e)qij`
        +2(exor+eyijy+gtopt)aee+2(oxgrTeyk

        +nyzWqec+2(g&+keu+tsc'x)qc,

        +  (&x +  6yy +  g'ge)qe +  ( ijxx +  rpyu + rpie)qv

        +(gl.+ky+glit)qg  (7)

  g-x, 5e and  so on  in Eqs.<4)-(7) are  the metrics  of

the grid,

 3.2 Nurnerical Scherne and  Boundary Conditioll

 MAC  methodi5irS]  is empleyed  for the computation

where  Peisson equation  for the pressure is derived by
taklng a divergence ef  the momentum  equation  and

satisfying  the continuity  equation.  Relaxation method  is
used  to solve  the Poisson equation  for the  pressure and

the veiocities  are  updated  from the rnomentum  equa-

tion.

 The  finite difference equations  are  derived on  the

regular  grid system,  So all the variabies  are  defined on
the grid nodes.  For the spatial  differencing scherne,  2nd
order  central  difference is used  while  3rd-order upwind
scheme  for the convective  term. Euler explicit  scheme  is
used  for the time  marching  procedure. Computation

starts  from  the still  state  ancl the fiow is aceelerated  up

to the given constant  velocity  for the numerical  stabil-

ity,

 C-type grid is adopted  for the computation,  The
coordinate  system  and  grid topology  are  $hown  in Fig,
2. In the physical domain,  space-fixed  cartesian  coordi･

nate  system  is used  whose  origin  is located at the center

of the strut on'the  plate and  x-, y- and  z- axes  are  in the
uniform  fiew, lateral and  vertical  direction respectively.

Fig.2 Grid and  Coordinate System
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In the  transformed  body-fitted coordinate  system,  E-
and  rp- axes  are  the girthwise of  the  strut and  the

normal･to  the  surface  of  strut and  g-axis is the same

with  i-axis.  Therefore  the surface  of the stTut ]ies in the

o-constant plane and  the plate  lies in the g-constant

plane. The cornputatien  is made  only  for the half

domain  in case  of  zero  angle  of attack  with  the assump-

tion  of symmetric  fiow. So the grid topology for this
case  is different from  the  one  for the ful] domain,

  On the strut  and  flat plate, no-slip  condition  is used

for the velocity  and  Neumann  condition  is obtained

frorn the momentum  equation  for the pressure. Symmet-

ric  boundary  conditions  are  applied  on  the  symmetric

planes by assuming  that  the fiow is symmetric  there.

  Outer boundaries are  taken  on  the p]ate including the

infiow and  the lateral beundaries where  Blasius velocity

profile with  constant  pressure is prescribed. When  these

boundaries are  not  far from the strut, the results  may

fal] in wiggling  solution  near  these boundaries, This

problem  can  be  improved  to  a  extent  by appiying  the

zero-gradient  condition  only  for the velocity  compenent

vi'), The height of  the strut  is assumed  to be infinite and

the zero  gradient conditions  are  used  for all the vari･
ables. On the downstream boundary, the preepure is

linearly extrapolated  in the streamwise  direction which

means  the diffusion ef  pressure in the streamwise  direc･
tion is negligible.

 3.3 Computational  Condition

  The  profile of the strut  section  is the  same  as  that  used

in experiments  shown  in Table1. The  leading edge  of

the plate is 3.5L apart  from  the eenter  ef the wing  but
infinite in lateral and  downstream  directions.
  Two-dimensional  C-type grids  about  the strut are

generated by using  a  geometrical methodie'  and  three-

dimensional grids are  obtainecl  by  stacking  them  alge-

braica]ly. Fig, 2 shows  ene  of the grids used  in computa-
tion.

  The computing  domain is as fellows.

   
-2,3 <+x  S3,O, -L8SyK  L8, O.OSzS  L2 (8)

  The boundary layer thickness at the leading edge  of

the strut  estiinated  from the Blasius solution  is O.274L
and  O.0866L for Rn==103 and  10  ̀ respectively.

The computing  conditions  and  grids for the three cases
studied  in this paper  are  summarized  in Table  2.

  The flow is accelerated  until  t==1.0 for all cases.

4. Results and  Discussions

 Computatiens of  the flow with  zero  angle  of attack  are

carried  out  at two  Reynolds numbers,  10a and  10  ̀ while

Table2 ComputingConditions

Case cr=Oo}L,=:Jo3or=eoIZ.=lo{cr=-5eRn=103

Gridsnumber5T.27+206S.32*30ll3+27*20''
mm,spaclngO.OOd o,eDo4 O.O04

timeincrement e.oD2 O.OO04 O.O02

b.1thickRess e,2739 O.OS66 e.2739

rnomentlTnthickmessO,0364 O.Ol15 O.0364

that with-5"  angle  of attack  is at Rn=10S,

  Convergence of the computation  is checked  by the

maximum  residual  of  the pressure ancl  total forces
acting  on  the strut, Fig, 3 shows  the convergence  history
of  the drag  acting  on  the strut where  Cd is the  drag

coeMcient  and  Cdp and  Cof are  its pressure and  fric-
tional cornponents  respectively.  Fer  the low  Rn compu-

tation, the convergence  could  be attained-With

suihcientJy  srnall  error.  However  it takes a large
computing  time  for the high Rn  case  because the devel-

opment  of the fiow near  the tra"ing edge  is very  slow

although  the fiow in other  regions  has  been  converged

already.

 4. 1 Junction Flow with  Zero Angle of  Attack

  The  computed  upstream  flow field and  its vonicity
contours  on  the plane of  symmetry  are  shown  in Figs. 4

and  5 for Rn=le3 and  Rn =10`;  the leading edge  of the

strut  is at  x==  
-O.5.'Two

 kinds of  a  vortical  fiow are
seen  ; a  prirnary horseshoe vortex,  positive in vorticity,

and  a  counter-rotating  secondary  vertex  confined  to the

corner  reglon.

  The  boundary layer infiow to the strut induces a

pressure gradient along  the Ieading e{lge of  the strut.

Fig, 6 shows  the distribution of the  pressure coeMcients

on  the leading edge.  The pressure  becomes  constant

above  the boundary  layer. The  presence of  the secon-

dary vortex  at the corner  region  can  be verified  by the

peak  ef  the pressure near  the root  (z==O) although  it is
not  so  clearly  seen  in the result  at  R.=103, which  rnay

be attributed  to insuMcient resolutiQn  ef grid. The

pressure at Rn==10 ̀ is higher than  at Rn=:103 because
the fiuid with  higher rnomentum  is entrained  into the

secondary  vortex  region.

  Fig.7 shows  the skin-frictien  coeficient  Cf on  the

plate along  the  symmetry  line. Two  points where  Cf is
zero  represent  the sepaTation  and  attachment  points.
The  position of  the attachment  is closer  to the  strut  at

RnEIO` than that at Rn=103, This is because the flow
with  higher energy  comes  into the corner  region  and

makes  the  separation  of  the  downward  flow delayedi at

rav

s

    zDo

                     t

Fig. 3 Convergence  History of the Forces acting  on  the

      Strut
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the leading edge.  On  the other  hand, the separatiQn

occurs  earier  in the upstream  for Rn--10". So the pri-
rnary  horseshoe vortex  for Rn ==IO`  has a  more  elongat-

ed  shape  as  can  be seen  in Figs.4 ancl 5.

  Fig.8 shows  the pressure distribution on  the plate
along  the symmetry  line, It can  be  seen  that the pres$ure
is dropped in the vicinity  of the leading edge  and  around

x=  -O.55 for Rn ==10`  where  horseshoe vortex  has been
observed;  this is because the fiow is accelerated  by the
vortex  there,

  Fig, 9 ahows the cross-fiow  velocity  and  the centours
of  the streamwise  velocity  at  several  planes orthogonal

to the surface  of  the strut  or  the plane of  syrrunetry  in
the wake.  The  cross-fiow  and  the streamwise  velocity
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mean  the  components  of the velocities  in-plane and

norrnal-to  plane respectively  here.

  The  horseshoe vortex  generated in the upstream

travels down  along  the strut  by changing  it$ direction to

streamwise  direction, Both the prirnary and  the secon-

dary horseshoe vortices  can  be clearly  seen  on  the plane
1. Cornpared  with  those  in the upstream  symmetry  plane,
they  become larger in size but weaker  in strength  and

the position moves  away  off  the  strut  and  plate, The
streamwise  velocity  shows  a  dip-like contour  near  the

juncture, This is due to the momentum  transfer from
the outfiow  into the corner  region  by the horseshoe

vortex,

  These two  vortices  dissipate further to be seen  hardly
on  the plane 2. Up  to the plane 2 the fiow is accelerated

around  the strut, However  the acceleration  of the fiow
near  the plate is hindered by the plate, which  induces
the vertical  pressure gradient and  upward  velocity  on

the  sttut.  Conversely the deceleration of the fiow

induces downward  velocity  on  the plane  3. It should  be
noticed  that the vortex  on  plane 3 is not  a  secondary

horseshoe vortex  generated in the upstream  but the one
generated newly.  Here, the separation  of the fiow can  be
observed  in the upper  position of  the  strut  but not  close

to the root.

  A  trailing edge  vortex  can  be clearly  seen  on  the

plane 4 and  a  wide  separated  region  can  be seen  also,

This  vortex  dissipates in the  downstream to render  a

alrnost  boundary Iayer-like flow at l.5L downstream
from the trailing edge.

  In Fig. 10 the  limiting velocity  on  the strut and  the

velocity  on  the symmetry  plane in the wake  are  compar-

ed  between Rn==10" and  103, Strong downward  veloc-

ities can  be seen  around  the  jumcture ef the  leading edge
of the strut  within  the oncoming  boundary layer thick-
ness.  For Rn=10`, a  strong  backward flow is observed

behind the trailing edge  which  lmplies the presence of a

z-component  of  vortex  in the wake.

  Fig. 11 shows  the similar  comparison  of the pressure.
The pressure distribution is 3'dimensional up  to a

considerable  height above  the oncoming  boundary layer
thickness. The  pressure is higher near  the piate in the

fore part of  the strut.  Sharp changes  of  the pressure can

be seen  in the  wake  plane close  to the plate which  are

due to the vortex  in this region.  Some wiggles  are  seen

near  the trailing edge  which  may  imply that the pres-
sure  has not  yet been  fully converged  there.

  Fig, 12 shows  the contours  of the  x-component  of  the

skin-friction  on  the strut, Here, chain  lines represent
zero-skin-friction  lines which  may  be related  with  the

separation  on  the strut.  They  are  much  affected  by  the

Reynolds number.  Compared with  the visualized  flow
(see Fig. 1(b)>, the zero-skin-friction  lines for Rn=10`
seems  to agree  weli  with  the observed  separatien  lines.

  Fig.13 shows  the lirniting velocity  vectors  on  the
plate and  the velocity  on  the plane of z=O,8  far above
the oncoming  boundary  Iayer. On  the plate, the  separa-

tion and  the attachrnent  points can  be seen  in front of
the leading edge  of  the strut and  velocities  are  very

large within  the separated  region  while  the  flow is

almost  two-dimensional  on  the plane of z==O.8,

  Fig. 14 shows  a  similar  comparison  of  the pressure to

Fig. 13. The  kinks in the pressure on  the plate come  out

due to the horseshoe vortex  above  the plate, Such kinks
cannot  be found on  the  z=O.8  plane,

  Fig. 15 compares  the x-component  Qf  the skin-friction

on  the plate between Rn=le  ̀ and  Rn =103.  The  negative

value  of skin  friction can  be found in front of the

]eading edge  and  behind the trailing edge,  The  region

with  higher skin  friction is closer  to the strut  for Rn=

104 than for Rn=103.

  Fig. 16 shows  the spanwise  distribution of  the sec-
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tional drag coeficients  on  the strut  : for Rn ==103  and  Rn

==  lO", The  frictional drag increases within  the boundary

layer as  z increases but is constant  above  the boundary

layer. On  the other  hand the pressure drag coeMcients

are  much  influenced by the distribution of  the pressure
at  the ieading edge  {see Fig.6) and  separation  of  the

fiow at the surface  of  the strut.

  4.2 Junction Flow with  Angle  of  Attack-5O

  Fig. 17 shows  the fiow near  the  p]ate, A  saddle-point

type  of separation  and  nodal  point  type of attaahrnent

can  be clearly  seen  in front of  the strut.  This fiow is

similar  te the fiow with  zero  angle  of  attack  shown  in

Fig. 13 but the singular  points are shifted toward  the

pressure side  of  the strut,

  On the suctien  sidie, a  strong  backward flow is seen  in

the near  of the strut and  a  large scale  of  vortex  is in the

wake  region  but not  on  the pressure side.

  The  contour  of the x-eomponent  of $kin  friction on

the plate  is shown  in Fig. 18. The zero  skin  friction lines

stretch frorn the both side  of  the strut  to the down-

stream. These lines seem  to be related  with  the fich-tail-

like line which  was  found in the experiments  of  the fiow
visttalization  as  seen  in Fig. 1 ( a ) .
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  Fig 19 shows,  the pressure  distribution on  the plate.

The  position and  direction of  the kinks in pressure

contour  seem  to be correlated  with  the valley  oi the

skin  friction contours  shown  in Fig. 18,

  Fig.20 shows  the  vorticity  centours  at  several  sec-

tions to see how  vortices  are  generated  and  dissipate as

the fiow goes downstrearn, All the  planes are  orthogonal

to the strut  or  wake  plane and  the norrna}  component  ef

vorticities to the plane are  plotted. The  behaviour of the
horseshoe vortex  along  the strut  is similar  to that for

the case  of zero  angle  of attack,  But the phase of  its

propagation  is in advance  in the suction  side because

the plane where  horseshoe vortex  is generated is shifted

to the pressure side, The trailing vortex  can  not  be seen

so  clearly  because the Reynolds number  is srnall,

  Figs. 21 and  22 show  the fiow and  the pressure en  the

strut  and  the wake  plane. The separation  point in the

upstream  shifts to the pressure sidg  near  the plate but it

rnoves  toward  the leading edge  of  the strut  in propor-

tion  to the height. The pressure  near  the plate hardly

change  so that the  difference of  the pressure between
the pressure side  and  the suction  side  is also  small.
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  Fig. 23 shows  the contours  of  the x-component  of  the

skin-frtction  on  che strut.  It can  be seen  that the separa-

tion  on  the pressure side  occures  later than  that en  the

suction  side. No  significance  differenee is observed  in

the spanwise  distribution of the seperation  position
from  that  for zero  angle  of attack  if the Ryenolds

number  is small,  However  it differs from  the visualiza-

tion  results  {shown Fig.1(c), (d)) whose  Reynolds

number  is about  4*le`,  The  differenee is due to the

Revnolds nurnber  effects.

  The  spanwise  distributien of  the drag and'the  lift

coeficients  of the sttut  is shown  in Fig, 24. The  charac-

teristies of  the drag are  similar  with  those for the case
with  zero  angle  of attack  but the lift is remarkably
reduces  near  the plate due to the insensitive change  of

pressure there.

               5. Conelusions

 The  junction fiow around  a  strut  mounted  on  a plate

with  zero  and  5 O
 angle  of attack  has  been  investigated

both by the numerical  computation  and  by  the  flow

visualization  to make  clear  its fiow mechanism  and

drag. The numerical  solution  obtained  by solving  the

Navier-Stokes  equations  seems  to agree  qualitatively
with  the visua!ized  fiow. .

  The  boundary layer fiow developed  on  the plate

affects greatly on  the fiow around  
'the

 strut.  Not only

the horseshoe vortex  but secondary  vortex  appear  and

the separatien  around  the trailing  edge  show  a cornpli･

cated  three-dimensionality. The Reynolds number

dependence  of the flow is appreciable  due to the change

of the strength  of  the horseshoe vortex.  The separations
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and  Lift CoeMcients  of  the Strut : a=  

-5"

around  both the leading and  trailing edges  are  much

affected,  The  pressure  and  the skin  friction acting  on

the strut varies  much  in spanwise.  The  estimation  of  the

drag  should  be carried  out  by  considering  these  effects.

  The incident angle  gives a  shift of the horseshoe
vortices  to the  pressure sicle  to make  an  unsyrnmetribal

structure  of  the horseshoe vortex  in the both sides  of- the

strut but the characteristics  of the drag remains  little

affected.

  It can  be concluded  that a numerical  study  can  be a
good  tool for such  cornplicated  flows. A  more  general
understanding  of  the  junction flow will  be made  through

further studies  on  the effects  of the curvature  of the

plate and  the heel angle  of  the strut.
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