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l .Abs t r i r c t :
' I -he 

papcI is Lrs. ,d t t r  cr)ntput! ' thc pr inl l t i rc rrr iables ofsrLpersonic l iorr  hascci  orr
l ln i tc di l ' tc lcrrcc- crr  nr pLLt i l t  io nal  t lLr id dlnamic nlcthods. The problcnt uirs considclccl
is to dc:r l  \ \ i th i t  t \ \o dintcnsional c\ t ! - rnal .  inviscid.  compr-cssiblc srrpcrsr l t ic f lorr
otcr r t  r tcd{c '  bL-r .1}.  I I r  th is $olk Eulcr cqul t ion rrns solred usins t ime-ntarchinq
\ lacCornr lck 's c\pl ic i t  techni( luc ' .  Thc f lor i  condit ions arc t f tken at sca lcvcl  anr l
\  lach nLrrrbcr \ \  rs testcd l t  2.5.  

- [ 'o 
c leal  u i th complex shape ol '  u cdsc'  t . ;odr thc so-

cr l lc 'd "  I lodr '  f i t tcd coordinate s)stcnl"  \ \cr . - 'considercd and thc algcbraic ntcthods
\\!'fc Lrscd to qr'rrc'frtc gfids oVer a $edge bcldr'. The r!'sults sho\\'cd a l]ood agrccntcllt
r r i l l t  lnot l tcr  pLlbl ishccl  rcsul ts.  The reslLl ts in oLrr  *ork are taken at I  uct lgc anlr les
cqlrx l  to l5 t lcg.  and - i0 dcg. rc 'spect i r  c l r .
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- l . I n t roduc t i on
SLrp,- ' r 'sonic ou uas a i lor l  in rvhich a \ ' lach nrLntber is l r reatcf  t l t i tn 1.  and this

l lo\ \  is \ ! ' rv inrportant in thc clcsign of  aircral l  and rockets.  DLrr ins thc past.  lhe
!- \ l - ' r r - f  inrcntul  nnJ anal l t ical  n. i r . thods \ \ ! . re uscd to s intulate t l te pfopcft i ( .s 0l '
su' : r ! ' r 'sonic i lor i  or c-r  a l inr i t . - t1 nLrrrrber of  shapes. btLt  fbr sup! ' rsonic t \ \  o-d intensional
shl l . r r 's sLrclr  us n lD scdsc. thc analr t ical  ntcthod r las fai lcd due to non- l inear i t r  a lso
t()  r lcsiLlr  an:r i rcral l  n l tn l '  t l tousnnt ls of  t r -sts \ rerc drarrn in n supersort ic uin,- l  tunnel
rrhic l r  rcqircs a hlrc l  anr i  expensirc uork ant l  requirc- a ven long t i l le.  Iu contrast.  a
nrr : lcr ic l l  pr ! 'L l ict ion gire thc saln!-  rcsul t  rv i th a short- t inrc ancl  an accur i l tc.
errntpLl t i l t i0n antL lhc'crrrrrpLrtc-r  progranl  nrar bc- chanqccl  casiLl  to c ler l  r i i th anv othcr
e ()nrIr1. \  shu|c . \1 is11 es u in, t .  n ir lb i l  and I l issi l . ' .  In lhe nunrcr ical  solrr t ion. thc
errnr l )1. \  t l i l - lcrcntr . r l  c( lL lx l i { rns l rL '  o\r . rconr! 'd br r ' . 'p lacirrg i t  u i th t i i f ' lcrcnccs.
e r r l . L r l : L i c . i  l i r l n r  l l  I l n i l ! ' r t Lun [ re r  o l ' r a lL t cs  ussoc ia t cc ]  r r i t h  t hc  con rpu ta t i ona l  noc l cs .
r rh i i l r  l r r c  J i s t r i bL r t cJ  t rn  l  sL r i l ub l c  g r i c l  o re r  t hc  so lL r t i on  c loma in . ' l ' h i s  so rk .  r ras
e(rnrplctc( l  t l rc prcr ioLrs rvork br F:rvadlr  [ ] ,  r r 'h ich t lcal  ui th the slnre problcnt but i t
i s  res t l i c t cJ .  s i ncc  thc  p r i n r i t i r . '  r a r i ab l cs  i s  no t  exp la in  i n  dc ta i l .  I n  t h i s  s tL rd r .  t hc

l- . re t l ic tL r-co rrcc lor l \JacC'trrnr lck 's crpl ic i t  f ln i te c l i l lcrcncc nrethtrd *us usccl  to
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predict  the aerodvnamic propeft ies of  t rvo-dintensional external  conrprc-ssiblc inviscid
sr.rpersonic f lou. such the veloci t l ,  pressure, densi t l .  Mach nttntber and tc l t rpcratt l re
at each grid. The tinre- marching Inethod \\'as chosen to treat a \\'edge as a plartc bodl.
In thc nert  sect ion. the mathematical  ntodel uas descr ibed in detai l  and the st1le.
*hich used to produce meshes or gr ids are given. I t  is ven' important to refer that t i lc
pr inr i t i r  e var iable cor ers.  r 'e loci t1.  densi tr ' .  tenrperatt l re.  presstrre ancl  \ lach nt tntbcr.

J . I I a  t h  e  m a  t i ca  I  Mod  e l  :
SLrp.-r 'sonic l lo\ \  t reats * i t l t  a norr-r ' iscor. ls.  I lo l l -hcat conduct ing t lu id.  so i t  is

dcscr ib.-d b1 Eulcr equat ion. The lat ter is obtainccl  f l 'ont  Narier-Stok! 's cquat ions b\
nc{ lc 'ct i r lg al l  s i rcar s lresses and hci t t -cortdLLct ion ternls.  so i t  is  a vai ld appror i t l lat iot l
lor  I l ( ) \ \s at  high spc'cd (supcrsott ic t los).  i .c- . .  at  hi3h l {evnt l lds I l t t l l lb. ' r  oLLtsi t lc thc
r iscous rccion dcvcloping ncrr  sol id sur i lce.  

- l  
he nrath! ' tn i t ical  bchaviol  o1' thc Et l lcr

cqL r i i t i on  i s  c lass i t l ed  as  hypc rbo l i c  i n  s l t pc rson ic  l l o *  l 2 l . ' l hc  so lL r l i on  i s  oL r ta inc - t l
r rs i rrs t inrc-merching mcthod. 1n this t lcthod thrcc poinls t t t r . tst  be not icct l .
1.  

- l -hc 
gr id poi l l ts are gcn! ' rat ! 'd in phls ical  plane ant l  l ranstbrnrecl  to conr l tutat ional
p l : u t l  l ' e  t .  r c  s ,  ' l r  i I t :  r . : o r ' r ' r t t i t l t  c . l l l i t t l o n ) .

l . ' l  he solut ion is otr tained b1 nrrrching l iour some ini t ia l  f lo* t ic lc l  through t intc
unt i l  a st .ad) -  str te is obt l inecl .

l .  lhc r :overning ecluat ion tbr atr  inviscid.  non-hel t  cot l t l t tct i l rg.  c\ tcr l la l .
contprc-ssihlc ' .  t r r t r -c l inr . 'nsirrr [ r l  supersonic 11o$ expressecl  in conscnl t t iotr
f  ot  rn arc l -11 :

Cont inuin L-q uat i0n:
-  - /  \  i /

r ,  \  \  . 1 .  r  l l r l t  I  r  l f r t ) l
a'l c\ a\

' .  l L /
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and the liec- strcant \{ach nLlntbr.r is givc.n br. :_
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l]rc 
total pressLrre a'cl tc-nrpcrature (or stangatio. pressurc arcr tenlpcrrt'fe) are gi'cn
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l -hc Relnolc ls  r l l r lb ! - r  ar ! r  Lr .Lrr r r .n  ler . ' r  th ickncss r r rc  g i 'c '  br .  : -
' ;  , ,  I

I t e .  /  " ' - : , r r . l  t - : ' ] t  . . . r , ) r
l l  ,  R c '

\ io lctrr  c ' r  t l lc  \  c loci tv cr)ulponcnls arc- gi \  en b\ .  :_
t t ,  -  l '  coc  o(

u ,  =  I ' s i n a
r r  l r . . r c  / '  :  , 1 [  a  ,  no r in , s  l ha l : -

\ I - \ Iach nurrL' . . r .  ant l  aI ,  -  spced o1'sound.
I  

'  - l ' l L r i d  i c l oc i r r . .
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5 . T *  o  D i m e n s i o n a l  N I c s h  G e n e r a t i o n
Grirt  o. r,esrr gc.r ' . l t ior1 is a nrc-thod r ihich is rrscd to trc-ar th!,  conrprc\ i ty or.t i lc  torcr l t ing L-( lL lr l i ions in sup.-rsunic f lLr ic l  c lvnanric x.hich is in nrost caseis can.ot

bc  so l \ c r l  . r ' : r I r t i cu I i r .  I n  rh i s  *o rk .  t he  a lgcb ra i c  g r i c r  gcne ra t i on  n rc tho t l  i s  uscd  t c r
Irroi iL lc!-  gf i (1.  

' lhrs 
nrcthod qc-ncrarcs - l r id pir ints i , - ,  space br nrc-u'rs of  intcrpolat ions

l ' : rsci l  . r  s i \  ! 'n bou.(r . ra c ir ta.  RccaLrsc or ' rhe non-urr i fbrn. ,  i l . , "p.  ot ' r r"ag". ' "  . .  t . , . . r , r , ,1
I l l ler i  coordinarc s\  stcar "  is usr-cl  rbr thc transrbr.rat ion of  g.r .erning equrt ions 1.r ' '
t i  cul icsi ; rn 5-\  str .n1 ( \ . ) )  tcr  t r  scneral  curr i l incars)tent (( ,?) anct i t  usct l  tLt  t r .anslbrnt
It-tti',t plt-rsicul p!urte (t tl\t (orrp,totiotrn! pl,nc.l'hc trlnsfbrrnation ol'a'r plrtial
t l i l l c . c r t i l i  c ! rL r i l r i o . s  r i on r  ph rs i ca l  p ranc -  ( x . y )  ro  co r r r ' l t . t i o . . r  p ranc  (  ( , i 7 )  ^ r "
r l c l l ncJ  b r  t hc  l i r l l o r r i ns  r r ' i a t i ons : -

. .  ( l  r - . { )
. .  ( 1  1 - B )' i  

ht  dc'rei ls ol  t ransibnlat ion is contplcr.  l i t r  r rore cletai ls.  i t  is
Ic io|nnlanl la( l  t r r  :ec lJ l  ant l  th. '  rcsLr l ts arc,  gir  en br :

T  r ,I -1 . \ , .1  ,  , r , - , \ , , J  
'  

, ( r )
rr l rcrc . l  is  thc. j lcobiun o1' t f l insl lofnr l t ion. and i l  is  c lc i lned as thc r .at io ol ' thc
\ ( ) l r . JS  r ' t hc  ph rs i ca l  sp : r cc  to  rh i r t  o l ' t hc  c .n rpL r ra t i r ra l  space .  . \ l so  the ,  n rc t r . i cs  o l '
t t l ns l i r i r , ' l r t i on  a l c  g i r . ' r r  b r  ( i n  t r r l  c l i nc .ns ion )as  t i r l l o r r s :_

. . . ( 1 0 - r \ )

.  (  10 -u )
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the phl  s ical  nteanins of  the
co nrpLLt i l t ional  splcc to that

con] l lL l tc( l  r runter ical  Lv t- ts inq

: , \
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. . . ( 1 3 - r \ )

. . . ( 1 3 - B )

metr ics is that.  i t  represents t l tc rat io ofarc lcngth i l l  thc

of the phlsical  sptcc.  
- l 'he 

ternls \ -  .  N.,  .  )  -  . . .  a le

lbrrr  ard approxi luat ion. l ts an exat l lp le : -
- ' r ' , r - l  

. . . ( 1 1 )

6.\ u rn t ' r icrt  I  P roccd tr re
Espl ic i t  t  in tc- |cpcnt lc  nt  so lLLt ion o l ' lhc '  t r ro- t l i t t tc t ts io l l l l  [ iLL lcr  c t l t t l t io l ls  l tas

l ,cen pet  i i ,n le , - l  us ing \  l i lc ( ' ( r f rn  lcks prc i l ic tor-  cor lcctor  l ln i tc  d i l ' fc rcncc tcchtr i t l t tc '

r ih ich is  s .c ! )nd-ordr . r  accrLr i t tc  in  bot i i  sp lce ancl  t inrc .  
' [h is  

nrcthot l  is  ler '1  c l ' fect i rc

I ln i tc  d i1 ' lerence tc-chniquc tbr  Viscor ts  anr l  i l lv isc ic l  sLtpcrsot l ic  t1o$.  specia l lV ibr

r . rnstc l t l r  t1o$ shock captur inq.  Br  tLs ing t l i is  tcchniqt re I  co l . l . lpL l ter  progl l l l l l  Is

constructcd to prc i l ic t  the shock r r  ave $ l t ich consis ts  t io l l l  the fb l lo \ \  ing s teps:

i .  I  t$  o-c l in tcr ]s ional  donta i r1 is  chosen orer  a $cc lqe .  rvh ich consis ts  f i 'on l  (

inr=53,  j  n t=63 ) . *  herc- : -

i n r
j irr

-  nrar inr r i ln  nt tnrbcr  t l f  gr ids in  r - .1 i r . 'c t ion
:  nrax imul t t  n t tmber of  gr ids in  1-d i rect i t rn .
a gr ic l  g . ,nerat ion is  per tbrmccl  in  t$o c i i rcct iou and the . lecobian ancl

d i f ferc ' r r t  !nct r ics are ca lcu lat . 'd .

r  t lor i  condi l io t rs  sr -Lc l t  as (u. r ' . ' f .pand l ) )  a lc  conlputcd at  thc s t l r lhcc

. l  l )  r r . l  1 l r - ' r  t l r .  r . : '  i l l -  c , j ' "  \  r r  ' r l  l l l  t i l - '  ( l l r r l l r i r i r l  ' \ r r ' 1 1 1  r r l  l l r L '  s L t r ' l l t c ' '

l h . - r e  ( l - l  t o  l = i n r . . j - 2  t o . j = ; n l ) .

l r  t in l .  s tep calcLr l l t ion is  per tbrmccl .  th .  t iu lc  s t .p  c t |p lo \cd in  th is  $ 'ork is

t lcs ignc, , i  so th l l  i t  is  not  crcec 'J  the rnur i r r r rLnt  s tcp s izc pcrn l i t tc t l  b1

: t t L r i l i t \ .  I n  r h i s  s r L r c l l  r h e  i n r i s c i c l  C l t - L  c o . t l i t i . n s  [ 5 ]  i s  r r s c r l  * ] r i c h  i s

g i r  cn br  th . '  lb lkr r r  ing r ! - la t l t )n : -

a '  - o  - { l r : ;  - t i : ' ) - $ l r : .  - r - - -

1 5

l '
Lr5c ( l  i ns i ( i c  t l t c  do t r ta in  uhe rc  ( l : l  t o  i n r - l . j : 2

i s  l he  l i r r e  l c r c l  ( t ) an t i  I l r  I  i s  t hc  l i l ' l l c  l c - \ c l

i n  ( ) r ( l c r  t ( t  I t t l kc  i l l t r  t lL t t l c r i c l i l  sc l l c l l I c  i l ccL l ra lc

l i th  h ig l r  rc loc i t i cs  (h igh  R*no l t l . )  l l ! l l l t l ' - l !1  thc

e rp l ie  i t  ar t i l ic i r r l  r isc t ts i t r  is  at l t lc t l  lo  the prc! l ic tor

: r  l i r L r l t h - o I d c r  a r t i t l c i a l  v i s c o s i l l ' t c n n .  c l c l i n c d  b 1  [ 5 ] :

. ( 1 5 )

. . . (  l 6 )

t o ln r - I I  r rhc rc
t - d r  ) .
lnd s tablc .  s i r rce r rc  cLc l t l

lb l lor r  ing crpress iorr  f i r r

I  1  i  l ,x  _ +  _
(,\')' (l) I L- l

5 .  a  ch: rn l i r t r :  o f  pr . in t i t i rc  rur iab lc 's  to  t lLLxes is  occt t r tec l  $ l l ic l t  car . tscs t t r

conr i r , . r tc  t l t r -  r :L lL tcs o l ' i l r t r  r  cct t r ts  fbr  a l l  gr id  poi l l ls  i i t  t in lc  s tcp (n)

6 .  l  l i , r l 1 1 u r . 1  p ! e ( l i c t o t  r c r s i t r n  o f  \ l a c C i r r n l l c k ' s  r v h i c h  i s  g i l c n  b 1  l J l  : -

s tcD .  * l l e r c  SO, " l '  i t
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The nrain ad\antrLe oi 'ar t i t lc ia l  r iscosi t r  is to plovide sonte utathcnat ical  c l issipat ion
nn.rltrsoLrs to the /.ra1 tiscous effects insicle tl.re shock woye.
S. n c lccoding is occurrc 'd r ih ich is usr-d to producr 'our paranrctcrs f ionr t l rLxr-s.  also at

this st .p.  th. '  contrnr ar icnt r  c loci tV con]ponerl ts u hich def inccl  b1 :-
l - l  =  j , r r  +  j ,  u

. . . ( 1 8 )
\ ' = 4 , l i * r 7 ,

is  c t , r lp ' . r tc , . l  . lh , - '  contr lvr r r icnt  re loc i t r  con)poncnts U and V rcprcscrr t  rc loc i t r
cr ) r l iponcnts $ l r ic l i  l rc 'p ! ' rpr .nJ icu l l f  t0  l l l l lucs o l 'coust tnt  ry  arrd J
( ) .  l  c ( ) r rcctor  s t ! ' l t  is  c( rntputL 'c l .  uhele the ra luc of  t lures (  E .  I :  )  i t r r '  cor l tp l l l l ' l l  a l

c lch er ic l  i11 the in ternredi l tc '  l le l  in- l )  dcpc-nding o11 rhe \a lLrL-s o l '  pr inr i r i rc
rar ieb les l iont  pr . ' r  ious stcp.  so t l l r -  conlpLI t i I t i r )ns occLl rs  ins idc the donta in I i= l  tLr
i - i n r . . j =  I  t o . j - j  n r l .

l { ) .  a  Lr lck lard corr ! 'c tor  r r ' r 's ion of  \ l lcC'ornt tcks nrc- thod *h ich is  g i rc 'n  br ' l { l  is
t  h . ' n  e p p l i c - d : -

i r  - r t  t ) .  ( r  ( )  t  
f i  Z  ' l - r \ ' l l '
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uh ich  i s  L rscd  i ns i t l e  t he  ( l on r r i n  t  i - l  t o  i n r -1 .  j - l
lbLrr th-or i lcr  art i l lc ia l  r iscosi ty ternr [5]  at  corrcctor st ! -p' I  

h i s  c rp ress ion  i s  g i ven  b r :

l r )  l  1 r t  -  D '
-fo- t -r- 'o),: ' ,1'

. . . ( 1 0 )

' [ . , r  : g ) - * - , i  ]
l l allcr rr corrc-ctor st!'P is contlllctcd. tt tlccotlitrg Jlqr bcgan $lterc ouI pariln)ctcrs

:Lrch us iu.r  .P.T rnd \  I  )  are compLrtecl .
orrr  prr lnreters arc contputccl  i rndcr di f lcrcnt bounclan conci i t ions uhich can be

e: p I : i inccl  as t i l lo l  s:-
i .  up -s t r c ' an r  L .ou r rda r r  conc l i l i on  ( i - 1 .  i - 2  t o . j n t )  and  a t  t hc  cdgc  o f

th ! ' t r o . l \  t . j : l . i - l  t o  i - i n r  )

l t .

i i .  s o l i d  b o L r r t t L r r r  c o  n d  i t i ( r i l ( . i = I . i  l  t o  i n r  )
i i i .  do*n  s t r t . r n r  bounc lu l r  conc l i l i on  ( i : i n r . . i - 2  t o . i n l - I ) .
i r  .  Lrppe r  pl . in. '  o l  sr  rrnrclry (  i -2 to im and. j=2 to. jnr) .
r  .  p l : rnc ol 's\  nrnretr \  (  . j  - . jnr .  i -2 to im 1.

13. l ' l rc corr | t /gancc ol '  the solut ion is cxrnr inecl .  knorr ins thl t  thc '  last  f lo\ \
l i . ' l i l  r  l l iablc to h! '  cor l \ 'c ' r {L-ncc is the dcnsi t l ' .  therL' f i r fc.  thc lb l lo\ \ ing
crJr l \  ! ' rLcncc'  crr t r 'nor ' I  $us . 'stubl ishci l  a l  ! ' \ 'ar \  point  in thc 1lo\  l lc ld f lor tr
( ) n ! ' t i n r c  s l c p  t , . r  t l l .  n c \ t .  \ \ h c r L '  [ 6 ] :
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7 .  Resu  l t s  l nd  D iscuss ion
Figurcs (1) and (  2) shou'a mcsh gencrat ion over a t* 'o-d imensionl l  lveclqe in

supersonic i : r r iscic l  l lor i 'u i th t 'cdge anglcs cquals to (15 dcgrec) and (30 dcgree)
rcsp! 'ct i \ ' ! - i \ ' .  

' l 'he 
mesh pojnls arc produced b) 'Lrsing al l  a lgebraic gr id gcncrnt i ( )n

sirh (5i  r  a l)  gr id points in both cascs. 1 'hc cxpl ic i t  technicl t te has required about
(1500) t inr . '  - ieps to achieve the converscd solut ion.

Figurc r3) and figure (8) shou a N4ach ntrnlber colttotlrs 1br supcrsonic rvcclge
ui th seclge:Lnglc=15 dcgrcc and 30 dcgrce respect ivel) ' .  and 1l . re f rec stream N4ach
rlLLlr'rb!-r = 2,5. ln both figures. 1he shock lvave can be noticed clearlr'. Fronl these
llitLrrcs. the 1lo\\' plltcrn near the leading edge o1' ri'edge lvhere thc incoming
supersonic l i lu undergoing a suddcn cl tangc i t l  l lorv c l i recl ion resul t ing a cont int tot- ts
conrplessior *ave. Thc angle of the shock tvave depends on li'edge lnglc ancl liee
slrcnnr ltllc:r nurnber. Thc shock is observt-d to bc clctachecl fronr wedge anglc and
l los bchinc' , . .  thc shock near the trai l ing edge ol ' \ \ 'eclge area beconlcs subsouic.  Also,
in f igurc (St the shock strength increase r i ' i th increase lhc r i  eclge anglc l rom (15

t lcgrc 'c)  in 1lgurc (3) 10 (30 dcgrcc) in f igurc(S) unt i l  the f lorv becomes subsonic
bchineci  thc shock. This precl ict ion givt-s a good agrcett lent s ' i th thc- crper intcntal
resul ts dcrL::r i :  s i1h the sanre problcnr as indicated in l7 l .

Figures (1) and (9) shos'  a tcr l lpL-rature contol l rs for supcrsonic rvedge angles
eqLral  to ( lSt leg.)  and (30 dcg.)  1br l lee strear l  N4ach Ir t t t l rbcr = 2.5 .  Ihese l igtr lcs
indicalc thlr t  thc tcnrperaturc c l istr ib l t t ion occt l rs at  the region bct* 'ccl t  thc rvecigc
sLr l i l icc und :he'  shock \ \ 'ave. r \ lso.  t l tc tcntpL'rot l l rc i t lcreascs as rvedgc anglc i t rcrcasc
!lLre to shocj. \\'ave slrcngth and is decreascd graduallv tori'ard thc liee streanl l'aluc.

I.'igurcs (5) and (10) shou' a dcnsitl' colltotlrs over a sr.lpersollic lveclge u'ith
\ \L-d{L'onql ls cqual to (15 dcg.)  and (30 dcg.)  r t 'spt 'ct ivcl} .  I : ronl  t l lese l igtrrcs.  the
dcnsi tv vulr i :s incrcascs r i ' i th incrcasing the r i 'cdge anglc and this is duc to incrcasing
in shock \ \ 'a.  c strenqth.
l.-igurcs (6) rnd (l l) explaill a prL'ssurc colltoLll's over a \Yedge at \\'cdgc anglcs eqrrltl
to (15 deg.)  and (30 dcg.)  respect ivcl l ' .  Front both l igures. the prcsst l rc values
incrcascs a read of shock nntl then r-lccrcasecl torvlld its il'cc strcanl \'alltle away liom
thc shock. th is is agrce r i i th l8]  also.thc pressurc valucs is increaset i  c l ramatical lv as
r i  edte tnql , . ,  incrcasc.

I i igurc.  (7) and (12) shou thc- \ 'c loci t )  contot l rs over a tuo-dimcnsional *eclge
rvi th u c ' t lqc angle =15 dcg. and 30 deg. rcspccl ivcl l  .  Both f igt l res shor i '  c lear l l ' thc
slrock *art  precl ict ion ancl  lgr in the vcloci t l  ra l t tcs incrcase lv i th increasing lvedgc

engle:  so 1h:r t  vahres of  veioci t f  in f igurc (7) is lcss than the corresponding valucs in

f igurc (12).  T)r is incrcasing is connectcd * ' i th incr, , ' rs ing in t i lc  iv lach nunrbcr val t tcs,
thich as ! ' r :p lain above increase u' i th incrcasing u'ccige angle.  Also. l iom thcse

ligurcs. thc :.r-clucliol.l in t,clocitl clclrll noliced do*'n streant o1'thc shock. 
'fhis 

is clLtc

ro change l r  f lou bchaviour f ronr supersonic l lor l  a heacl  o1' thc shock to sr. tbsonic

t l r ' \ \  ! 1 " \ \ n  : J J n r  \ ) l ' t l l c  s l t ( r i k .

8 .  C o n c l u s i o n s
Thc lc . los ing concl t rs i t t t ts  cat t  bc thaul ' t  l io l l l  the rcst l i ts  of  thc present  rvork : -

L  u so lut i i  n  o1 '  Eulcr  c 'quat ion l i r r  *cdge cor l \ 'c rgcs at  i l  rangc o1 '  (1000-1500)

i tcrat i r , r .  
' l  

hc rangc o i ' i tc rat io t r  is  rc la ted to l l tc  p loccdurc of  mesh proc luc ing.

l .  l i r r  capt : : r ing t l rc  1 lo$ '  l te l t l  parantetcrs ;  I  Ino lc  gr id  points  arc rcqui rec l  l lcar  l l lc

sr l r l tcc.
l. g!'ontctr. and ri,ccigc anglc havc itn intponaltt cllcct on thc llorv lield pattcrn; ri4rcre

in thc sLr ; rcrsonic  l lorv  thc c l tange'  i t t  1 lo*  d i rect ion ( l t lc  1o gconlc t r )  inducccl  a  type

o l  r l n L s .  l  l r i s  i s  c a l l c c l  * a v c  d t a q .



-1.  s ince thc ntcs l t  gcncrat ion
can be uscd.  The stabi l i t r '
CFL cond i t i on .

5.  shock angle increascs
l't u nl Lrcr.

9.l lcfercnccrs
L I rar  at lh  AL- [ ) r r la inr t , .  "Nunrcr ica l

r r r  c r  . \ r l r i ( r . : r r r  C o r r f i g u r : r t i o r r s  .
1 0 0 1 .
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has becn scparatcd l iont cxpl ic i t  solvcr ain,mcsh tvpc
ol ' the solut ion dcpcnds on thc nur lbcr ol 'gr id points ind

as thc ucdge anglc incrcases at thc salue fl.ec slrcatl l\4aclr

6 .  Thc  r i sc  i ' t hc 'a luc  o r ' t c ' pe ro t l r r c  a t  t hc  s tagna t i on  po in t  i s  duc  r r  l r o * , ' a lL r r c
changc l ronr supersonic a hcacl  o1' thc shoch to subsonic oorvn streanr ol  the shock.' l 'h is 

changc r i i l l  rcdrrcc thc kinet ic encrgr,and at t i re s ir . rc 1 ' .c.  t r r is r .cduct io '
, t i r  cs a.  incrcase in intcrnar errcrgr l r . r t i  ls  l  .csul t  incrclse the tcnrpc.r t . r .c.

T Thc t i r rc-rra 'c)r  ing s.rut ion *hich is uscd to crcar * , i t r r  a plancr ior:r .as a *,cdgc.
* hich ca'  be cxtcndcd to dcar *  i th arr  .x is-s 'mnrctr1,  bod1, such as a rruckct.

8 '  l lonr thc rcsul ts obtainc,-r .  the h'c i r .dvnanric propert ics srrch as prcssLlrc.
lc ' r )cr i l turc ancl  dcnsir '  arc i r rcr-c.sccl  as thc u cdge arglc is incr.casccl

9. ' l  hc sol i r iarc constructc( i  cxplains. . that thc coni ,cr .gc'ncc depcncis on t)rc opt i 'uur
valucs o1'rhe gr id poinls.  arr i l lc ia l  v iscosi tv ancl  CFf.
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J--..rI . i*ltJ i--JJ \\rctlgc bod\ it ,r+:i ;, lgrid gcneration) iJ*.!_l 
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M e s h  p o i n l s  ( 5 3  x  6 3  )
a  r t i t i c i a l  v i s c o s i l y  =  0 . 5
w e d g e  a n g l e  :  1 5  d e g r e e
m  a x . i r e r a t i o n  =  1 5 0 0

"\"T. . , t  0  r r< l l  / t r  r \n l

I  [ , , l e s h  p o i n t s  (  5 3  x  6 3  )
a r t i l i c i a  I  v i s c o s i t y  =  0 . 5
w e d q e  a n g l e  =  3 0  d e g r e e
m a x .  i l e r a t i o n  =  1 5 0 0

ua.u,rn1l a91JI , J,t-r d.nLl

0 . 5

X

Fig. l  Mcsh gencr: r t ion ovcr a t lvo-dimensional  lvct lge in

suPcl 'sonic inv isc id f lorr ' .

0 . 5

Fig.Z M"t| ig.n"*t ion over i t  t rvo-dimensional wedge in

supcrsonic inviscid l lorv '
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Fig.-1 Nl:rchnunrbcr contours for supersonic , r . , , tg.  ' r ,  i t l  . r ,  
" , lSc;gl ,_G 

t |cg
lnd frcc strc:rnr i l lach nunrbcr:  2.5

Fig.i 'r, nrp",:.trr. .uniru,.. '  tu. rup..r*i",r:.Jg.,r: i t l ,  ,r., lg. ,,ngt" = ts a.*.
: rnd frcc str t ,am \{ : rch nunrber = 2.5



r . i ,  t  : t l i  / r . \ " i  / ; , , . , , n11  pg l l l  t  . l L  b . " t  
" ! "

x ( m )
[ ig.7 Vcloci tv contours ovcr : r  t \ lo-d inr cnsiona I  rvct lge l  i th

ru $ cdge angle = 15 dcg. and frec strc irnr N{ach numbcr = 2.5

x ( m )

2

tr

2  . 1 9  7 1 5
2 . 0 3 5 0 9

1 . 3 5 9 7 3

1 . 5 2 1 3 1
1 . 4 0 9 1 5
1 . 2 9 6 4 9
1 . 1 0 3 8 4

I r ig. t l  NIach no. c0ntours 0\ 'cr : l  t \ \ 'o-d imcnsion al  n 'edge'rv i th
x \r 'cdgc anglc = 30 dcg. and fr tc strc:rnr Mach numbcr = 2.5



I  l ,  t : i i  / l t  rLMl l  / ;  , j6 l  pgrc r -LL a.oi. J. o

1 5  2  9 3 3
1 4  2 A 2 1 t 2
1 3  2  7 4 4 2 4
1 2  2  4  8 1 3 6

r 0  2 . 3 5 3 5 9
9  2  2 3 6 7 1
3  2 1 1 9 8 3
7  2  0 0 2 9 4
6  1  6 8 6 0 7
5  1 . 7 6 9 1 8

;: "^.,'i

- t

I , ' ig .5 l )e  ns i t l  contours o lcr  : l  t \ r  o-d inrcnsional  . rvcdge l ' i t l l
u  cdgc anglc  = l5  dcg.  and f rce s t rcarn NIuc l t  no.  :  2 .5.

I . - ig.6 I )rcssurc contours ovcr : t  t \ \  o-dirncnsional * ,cdgc rr  i th
l cdgc : rng l c :  l 5  dcg ,  and  f r cc  s t r can r  N {ach  no . :2 .5 .
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J ig,11 Prcssurc contours ovcr 1t  t \ r 'o-d i rn cns io n: t  |  * ,cdge rr  i th
t 'edgc angle = 30 deg. und frec strc:rm N{ach no. = 2.5.

2

-  l . c
E

x

x ( m )
I ig.12 \ 'c loci t t  contours ovcr : l  t \ ]  o-dinrcnsional rvcdge ' rv i th

l  cdgc unglc = -10 dcg, : rnd frcc streunr \ lach no. = 2.5.

x ( m )

' - - .  -  r
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irob alrr:

2 . 5

2

tr

1

0 . 5

0

x ( m )

I " ig .9 
' l 'cnrpcr : r ture 

contours for  supcrsonic  \ r 'cdgc 1\ ' i th  \ \ 'cdgc lng lc  = -10 dcg.
: rnd f rcc s t rc : r In  Nlach nunrbcr :2.5

- =

2 . 5

2

tr

1

x ( m )
I r ig. l0 l )cnsi f  c0ntours for supcrsonic $cdgc \ \ ' i th lcdge i tnglc -  - i0 dcg'  and

frcc strc lnr ) Iach numbcr :  2.5


