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Development of an Upwind Algorithm at Subsonic
Regions in the Solution of PNS Equations

H. Khaleghi, M. Mirzaee and S.M.H. Karimian
Department of Mechanical Engineering, Tarbiat Modaress University.

Abstract: In this paper an upwind algorithm based on Roe’s scheme is presented for solution of PNS equations. Non iterative-
implicit method using finite volume technique is used. The main advantage of this approach, in comparison with similar upwind
methods, is reduction of oscillations around sonic line. This advantage causes the present method to be able to analyze supersonic
flows with free stream Mach number near to one, where similar upwind methods normally fail. Some two dimensional/
axisymmetric test cases have been computed to validate the present method. These cases are: Hypersonic flow over a 15-degree
compression ramp, two-dimensional supersonic flow over a flat plate and axisymmetric supersonic flow over a tangent
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ogive. The results are compared with the results of other numerical schemes, such as Beam and Warming scheme

Keywords: Upwind, Navier stokes, Hypersonic

Sh bl (SISl @
et Y
S bl e S
Ol o5 g M
08" s e e @
daseia s
b an ) 55K s H
03,85 o 3 Okl e ©
Ao Osboby T

b azsls P

e s YU 5 L s 25
Ao i
ij )Li A%

Mok e o0
Ol dmy sla el sl ~
S o olite Gl Lg g ls ¥

Spo b sl Ll s

0

e 4o sl 4 by e e el

S e S e Sl
S SIS e Sle
S e S e Sl
Olayy s oy Slo
0L bl g 2 )L

UL{.FGJJPUP-" .)b)u

T ™M m g O w >

Soge OO lgl o 5o Blal L

#J“"”Pn .ﬁ@.]akﬁjcw’“}» J

aasio b L
C\.a She M
S Toxdye 1
dxy Ok sl p
Q

J.E.:....a(_gLA_)._\x.:,«)l;f
C,M\)C,Ma}_gﬂbu.ﬁw;u -
%Wﬁﬁjﬁbuﬂ u"“ij:L“ R_l

dry O gles T

XMJV:JNQ}JJ:U.‘}A u

Y s dry g Adlpe v

aily Cuge oS sl sl JelS OVsles 4 Cd Slilne
S s sl JelS S¥slae 5IPNS SVslae il
bl oo e OVslas UM s Wsd e gl A
5o Al e a3 5 KLl 1 Ll Vsl ol
St 055 s el 5 o) a3 o
Jolss iy, 5l eslaal L OV¥slas o5l > 6l 3L
e b 015 e 5 Ol s S el S plonil 3 1o
Toladd a5 s Sde Sledyy 5,5 LS [Y2Y]

WAY e o) 65l TY Jlu oDzl

dodas —

JS):H.»\—J.UM aJ.&dWJSJ:M\—ﬂJUQ\J:KM
& s Dse G5l (oils ek L Slehs J 6l
C/_>rj[v—\] J_.o;w)lj_;abu.f_w\.}))_ﬂabfms/))k
53" e s s ) eslizad b SVsles ol el 3
. . : .00, L
QMWCHJA u—il .,\_)\J;- J.:Lb( dliJ}- L;'“p\v'@}
Sl 51 olbms Jdow 55 SVslas (il 51 eslinal oS o
Olas omad 5 Sl abail> il B 5l edzey OL 2~

A4


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.11.0

[ DOR: 20.1001.1.2251600.1382.22.1.11.0 ]

s.SL> OY¥ales -

Jlasl Ly S k=550 S &¥sles 5IPNS Ysles
o=l Ol e p il 0SS L e sl SLs
% ek Jlos! (slens 5 Bitos o5 ol s =1zl SVslas
o3l s o b s (S bl b T s
Sls b sl 5oVl ol Calske Cl);\ Cljx;.ﬂl BERP
Jols oY¥slse s rjls S Shle Gl =) gl e eslanad
ETCg PRI
53 rJl; et S gk U (6 see O gy 95 SVslas

AY . .

1l
QOB OF
ot o0& On
JS—2 4 PNS OW¥slae sl 12 656 obs b Jlesl b

+aH=0 M)

s 93 (S sen OB 92 O r S 6l 2

B, O By

+—2 L oH; ==Y +oH, (™)
& on o on

= S Fyos Hy g el s 2 cadle s
QQﬁHleQ_?)JQ_?}‘de_:Jde\
S Ei CJJ_):_.G)L.Z BICYSRRGIN Iy W N E G GV Y
C,.@_e-).s)L.iéQk_ialjfgjlfs—d\ﬁt%jw\)l.ié@)@

aE,

o=l g S sl b ool s 0L Ll

oY Spo a3 aS s b e o OLSLS
03 35d pdze G Yo 0L o sl 1 Ol
5 andl el ol OVslas OL 2 5l axU ol o C;U
e B S e S S Bl eslizd
535 0 Ob o Ol S o)l Dyslme 53 led ) 50
Y ol Sl Gl gl 1 i e bl S (6,0

VOV

5 e e 5 [A] ML S AT T
il y S g sb SVslee o gl [V ] Sl
b sl Jlail gl et onl s ol 0 1 Ol
Lol e ) oS 35 o alisd “( 55 LSS S )
Ob = Ol 55 3 42 40 (_;Lg_:f.:.»ﬁlj Oyl 53 Olu g sl
IS ol 1) sl 25 o (gl el T500)
EYERAVIPE|W-Y V¥slas a(edS sl gen) 5 gra BN olle
Ui ) esliad b Slhle ol 4 bs e il i 33151 &S
e ol el i) (G, 65 555 e Arlome Lot 5
SYslae ol o gl ol Jlo ki 53 a8 ol old
ped Olye 4 oS LS 3 a5 55 Ty O sleds,
ol 3 [V=1] o 53 0l il sl )S w0l
Loab e SVslas Jo 5 s 8 Bl J gl bl Ledis
e 3 e ([VE5)Y] )" b3 3 6y ) sl
23ls pand "SS5 i s am ol s = )
Sl (8] por o 3 st adlyl Ty O g, [V ]
el o8 s Sl b s Gl el 2 Jos
A o3l raxs [V )V]
5 ey sl s ST Jaay S dlie ) s
Sy oo Bl S grale sl el (6 g DVslae > (6l
T T T ] L PP W B el slajls s
33 2 b Sl bl sl VYN 5 [V£] el e
o0 Cse ) 15 0o Slle Sl sl las e
s O B Sl e Bile s 5 S e e
Do ed Jds a8 s e Cel ISl ol el sl
Cllvs Sew bt O ysbne s C)Jﬁ.'od\.;a)hi- a3
CL» slacel js Cllv g ol sy 0 ol @sz BENTR IR
sl oslil 3, 48 el i & (S & 3 5) oyl
ol o3 eds L1 gy s il dal gl | i > SULS
Pl o3y Culel b O b il (sl A B dlis
P Mo S8l 5 Dso 3) Jm Ole 15

b}&da ool "J.;_“._} ;.:)T"

WAY e o) 65l TY Jlu oDzl


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.11.0

[ DOR: 20.1001.1.2251600.1382.22.1.11.0 ]

‘j\.,\_xa.}z:dbbul&j‘)ﬁ ,,Jij(_QW,,&:xJL«;\\{
:g;.ibv.:.a\}s-djbvja}

{Af +Agaf(C), —(C‘,)J]+i—a[Bv (j—1/2,j)—B\,(j+1/2,j)]}6“”ﬁj +
n

Ag

A—n[B\,( J+1/2,)p™0,, +

i—E[B\, (G-1/2,)p""0,, -
%[(E)?L‘/z CE),]=-AE, ) +
%[(Ff);m —(F), . |- AgaH —HD)
Q)
Sle Sl AGL (€, (Cy)j, By(k D) abas cnl 53 68
Ll b s ol glasls ST
s BN g8 2 sl g gl ad e 2l 6
sl 6") 03 Sl 0l r\—?u'l ity = (E)j}jllu
L;u'jig-):PNS SYslae > s LG_A;J*UKMO_:,.J“LN\
S Sl adlie ol 3 aS by el byl ) s
"5 sy el el sl eslizad OF 31 S (slae L
s ST sl 3 a8 sy s ol VY]
S 55k Olea 5 ool Glaze M0l SlasdiS o 4 s s
Ol Al e 5l b sle e gl cnl LT ol Sl
A s b esle gl 5" B, 53 s sd e eslind
sy e eliial Oley,” (ks ) L, i 5l 3o

aa%+Dj+1/2aai:0 (V)
n
adyl l s b
*
(U/D)i1/2Ef1 M>Njp2
(EH)" =
*
(1/J)j+1/2Ej N<Mjs1/2

15 g oo dpnles o DJ’+1/2 B

OE; OF;
Djii2 :(nx)jH/Z( l} +(ﬂy)j+1/2[—lJ

oE j+1/2 OE j+1/2
S ol STE) sl Ui b S 2, e

LS B 5 adaly 534S 58 Sl sk

WAY e o) 65l TY Jlu oDzl

Shls ol el gl e gleds) [VO] o e o
S g aas blLa gl r\,\_ij_ALSgM\ ol gl
a3l OF 51 Loyl 53 o 350 Tid (slen, SIS0 e
DL b iy =l s e Mos Ky S Sl 0l

:bﬁy&:{ﬁ)bﬁj;gﬁi CJJJ:.&

E,~E,+E; ©
sles ol s oS
B, =jleB +e R Br=fleEr e K]
C o pv
Ei‘ _ ou? + F* = puv
puv pVv? + op
(E(+p)v (E, +p)v
— 0 0
(1-o)p 0
E, = Fp =
p 0 Pl-w)p
- O O
Pyt drelme o ey plie ST e xS Lo bk
MZ
® = min &, 1
I+(y-M?

A0 5 VO o O e S ol Olebl o S o
=SF bl g S s Flesde M e S
Kl a2 (F) 5 () S¥sles

= Bl e O3 S (BB L b S s 2
ol 5l a3 Sy 5 2 e Rl S s
b Arele 5L

u:T3,2[1+110.4/T00] )

T+110.4/T,,
ol 8 I Wsls 4 3L (V) SYslee (et e (S
Uslee S ol ol sslizal JE) 8 55 51 dlis onl s
g S @ OlS e b

p=(y~1pe

szMfOp/pe 3

VOA


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.11.0

[ DOR: 20.1001.1.2251600.1382.22.1.11.0 ]

1
(Fil)j+l/2 :E(nx /J)j+l/2[(Ei)j +(Ei)j+l]+

%(ny / J)j+1/2[(Fi)j +(Fi)1'+‘]

[8][(nx /J)j+1/2AEi +(ny/J)j+l/2AFi]
QKD

LLi gl o as il (g had o 5l S [g] slas opl 3 &S
B3 s szl Sl el (i a OL s 5 4l
L ([g] omrle) S s sslome blE s o Sle
S s e

5 il o plralr Shle kS &S el mhw (555
A3 s sbasl cul i g sl LS JLal r}:_'.l.{.a
R e PISTIPREPELIVRE: J O ST IVY Y g
G () dsles 3 el w65, s O
S e s0e o Jlps 51 S mha sl 53 350 e
Shodid alows Sl Conl (5 68 by 4 x5 L) S
Laisl ol (00) sl 3l alons SLE L il Q) Dslas
J5S w3 o] SRS e Sle slael Lo 5o pl (g5ls
35 g s oS S5

[e.] (ﬂ_xj AEiJ{n—y] AF, |=
J 172 7 j+1/2
1 K K
_5(sgnD)j+1/2 [T"j AEi+(TyJ AF;
/2 j+1/2
ay)

il i e ] 8 e slasl G55 Wslas Lo

A s

| 4
[k = —ELZ:I (sgn D)k L {

— |2
8
A
S
>
s
+
—
‘j
<«
N
=
A
S
>
Res|
[
~

()
Ll (K=12,.00,5) B9 dolas o S

P «5})[85] omrle glael e 4 e 5 L
235 el o s Lasl ol lis men 5 0ds S5

V04

Do (1 3)0,AE" = (0, /3), A, + (0, /)1, AF,
)

o) Sl s B 02, S S8 s S
S rCuW PRSP E RRY > &S L g
L doS e e JTI2 pkaie 51 aS 23 8 Lo B i
Dl sl Gl Jol Al e B

1

(Fil)j+1/2 :E(HX /J)j+1/2[(Ei)j +(Ei)j+1]+

%(le 1) [(Fi)j +(Fi)j+l]_

S snD), [0, 90,0288, +(1,/9),20F ]
CY)
3gd o iy yad oo sgnD Q) Aslee s

sgnD = R(sgnA)R_1

S sgnA 5 Snly S iy Lol e SLR aS
Cdle 4 a5 b ol b3 gy, slael &S ol (g k3 5o
b e Ol gl gl =Y s Shaens sl liie
25 e [E] e Ol5 e () Usles £l 5l
sl |25 ohle oo 51 (A) adslae s ol el Sl
s g 22 sl huge 815 50 Sjle ol ol
Ol b 48 S5le pass 5 ol yslome Sk 53 5515
2] e s e T ol oole Kl sgnD
ol s o Ty s O Sl S 0L g 5
Lol s sl ol Sy Bile ml s 5
e st sl 53l Ol s Cel Bl ol e
O Flaslel jss)lse 51 pam 55 &S ok 4 5d 0
GIMLL el oS ol s 4 Dbl (G4 sl
ooyt g Ladlis ol 3 8 " S 6 0" s
o S DUl ol O g 5 el e s O
Oy (4) dslas wile HLa Sl 0 SOl LISl sl b

RS

WAY e o) 65l TY Jlu oDzl


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.11.0

[ DOR: 20.1001.1.2251600.1382.22.1.11.0 ]

0.2
m =
Y0.1F
= | | | | ] | | | |
0 0.5 1

Xm.

JUS 515 55 Sl 0L K 8y lmlons 4SS 5 amikin ) K3

Y=Y, +Z(n)8y X=X, +Z(n)8X
8y_98x jwa)lﬁb&j).kw@wywjst
aj\ﬁsd;)ompolﬁﬁslﬂjfgwdw\

TR USRENER P
S 5t Jras 3l eslinud LPNS c¥sles > ol
LMl amis ol .l a5l SVl amin S w 3L
2% ammio ol s es Loy Al e S AL ol s L
S0 ad oS sl 6l il Do Gsile (550 Y 5l
Jo Sl s b Ol e 1 sl Dl Ll 55
Sl 5y o ploarl sl (S5 3551 Cows 4 PNS ¥slas
ARC3D S 51 s ol 53 45 58 @l s b a5 ol
55 3lizul el TLNS ™ ¥sles oS | oS
Jieel i pide b o sla o)l 3 55 2
T 2 g 5o LS 0Ll S O oo 5555 n
gl slos byd s ol S a5l e b S ks i
Sl Jlesl BB e 035y SHLLST L 5 ol
5 Lal § ads 0L = sl 5 i) 53 ol sl

D R O .

WAY e o) 65l TY Jlu oDzl

j)djjbﬂuujjbd)djz_Schcbw&
ol &S cl s S 13 (el 5 e (sl 0l dslons
ti)'j]‘@jjdwbémwjf@dl‘L@jJW\j\
gy = SJK \p (")
;;J.:_“SCJG-“U_JJ)\)A CLO .)J\.Cjitl:.v MS ‘(\V) i.bl,u);
5355 0 Jlasl OF 5, (4) Uslas 8
ol S Ch‘ﬂju\ﬂbcb‘ﬂw);jj;‘\gc‘}b&j‘)w‘}ﬂ
Cz-ja).s4565‘;))"(‘554.;_)»4{&)}.@‘@53&1}5\&1){

e3lizl Sl o Sl Wl b kol SVoles > sl [V £]

'Cl_» s>ae M

2yt

s ALY
)'\QJLE.«_W.“ llﬁd}w;;"fjlﬂ}fﬂjbgwbum .:'
0 S = e Y Al s 5058 0 S g B

1wl ol anlail

()=B+1—a az(ﬂjln
o+l B-1

:.\ifjwsgm&f,:kmgw

V4

Ve


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.11.0

[ DOR: 20.1001.1.2251600.1382.22.1.11.0]

J3|4.L‘.~..a).> IL{J’*’""_V"’" ‘_;53) @Lﬁ—i JS..Z
b L8 b~ ol Flosde b ghs -l

sl Ul eas Gl Ll 31 goliws glasloes 40 bl
slal 53 JlaV 0 5 Job g 53 Jsla YO oS a3l
o e /Y S Gleal L g5l 50
53 IS g0 S oo oy aalsl (5 50 1/0 whaita B 5 555 00
S Bl pd Sl eds (58 IS ampn Ve Ul gles
HGIWHpNES JLS &
M, =15 T _=100°K Re; =8x10* Pr=0.72
355 3l St e ad sl SleMbl amins Jlie cpl s
il 53 el 8 g 033 43 50 o B LPNS SVsles J
355 bl zlsal 5 (Sl mlsal o ks (15 el
o 03,51 JUIS o153 b 5o SLad w35 (Y) S5 s s
0 Sl s kb sdel s 4, b s el
ol a5 bl ol aslie il o 0351 [£] =
bl 53 ooy 55 ol Sl a8 55 0 e aae IS
A 3l (sl mlaal 5555 0 (1) a5 oy Sl
Sledas bl Sl 4 g pd g0 (pl &S ol il GbLs
5w (057 LSS sl £ 8 glasls Jladll
Sl JUS Jsb 5o il Flosde bl 5 b L8 b sl

V&)

--—- Beam & Wanning 107 |
e Frozant Method i
"ﬂm"'w"'z' A
i A ]
%/L
JULS 5503 Jsb 53 5La5 oy 0 35 -Y JS3
DipE
[
= s ~e—
Jb=
b1
0 R R T
—
[/
HD?
i B
0.1
1] 0 F 1:1- 14
-

Jol s 3 dlis 5 0 &l,1 By, bl ¥ Ko
b L bt O il gl sae b ghas -

b 0

R 2o e aw Lo Leds K1) A, sl
el 4 S 413
U S5 o005 02 (Sae il a5 0L 2 i 5
ol pan 4 o Ol (1) S8 3 o8 ool o 53 | K
S e IS8 ol s el et o350 O Sl

WAY e o) 65l TY Jlu oDzl


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.11.0

[ DOR: 20.1001.1.2251600.1382.22.1.11.0 ]

8,

F
o r
s r Navier Stokes calculation
S 6 Present Scheme
X o — Lawrence & Tannehill[4]
O r
£ 5F
5] r
I
g 4FE T,
&) = = an
L‘é 3F B DDD”ﬂ,ﬂr,unJ
s F
= r
8 2F
o L
= I

1

FTTRRT [T SR TR [N SO N TR [ S NN
%.2 0.4 0.6 0.8 1
X, m.
é .. . v - .
r}; ‘;\-L‘v.w‘ )D

ﬁ\f)béb}djda}mgjmlui\:\miuﬂbwle.\&
ULA‘ r_&)dl& ,’@)\}—M,’ J:j) dL@J\)} JL»[S é;f
DL J‘a)\b Ql_wf (HM QJWD G.L»S)\)M QbL& Q.L.:J
aMWMJJHV_Q)le@Lb)JMw\ASJB
‘563‘5‘)}éLAJJJQJHYk{deLMOi\)J.JﬁdQ
JUK sl ojlss b Ssw Lo d 5 s (SO 55 e s
ol e Gl ColE Do sl 4l 035 S5 S
Sl s, ey s ale pl 3 ek &Ll ey 5l edel s
)subjjj.s&_i\&ﬁo)w.sj.idaje.\i:[i]@f):e.u
Spd o yeFie da slle
MMW&JYQ}«&&)AVQQ? dim.o&:.a_g.:
el @l 0Ll l S el e Y Jgb

M, =20 Re, =1.65x10¢

T, =T, =221.6°’K Pr=0.72
w;@@upﬁ)ﬂlw\dwulyu@umdl
W}[i]ﬁfjbauc\j\)\ ”.X.b“_g;’.j”uij))'\ sl
« S NSC2KE gryyﬁw\—ﬁjbém&gii@b
20l an bye Slyyr 5 &S o Jos 75y s ol
&j)@uwcj@jabf&j&GJyQY@w

ﬂepu.>j.;da)mi[i]8fu;juuuﬂd1fw\

WAY e o) 65l TY Jlu oDzl

6 F
5k
— [ o Navier Stokes calculation
8 I Present Scheme
e 4 r | - Lawrence & Tannehill[4] f
- |
5} B
= Lf 7
s 3k
z 3r &
A B
L 7
g8 2; o
=] i
L =
Z | -
- o -
- =
1t e
B P2
B _ant?
ol V0 V0
0 0.25 0.5 0.75 1
u/U

&.ZA))€3:M))XCL+?))MJ«'C,@_J—OJQ

x=0.91 m
6F
; o Navier Stokes calculation
5 E Present Scheme
7% —— Lawrence & Tannehill[4]
S [y
b= [
VY ELN
g
s I E“cxn&us
g 3| e
2 °r e
a e
Té B e
2k e,
5] [
z | i}
1 - &Deaa)a’
- ,E,E‘E’E
es
B IR EBED"E'DQ'D’E
ol il MU U ST ERRSRI |
1.05 . 1.1 1.15
T/Tinf
ch:u).s r)h:\.LiMJAXgL-G—?JA Lo:'cﬁ.g—'\JS.&
x=0.91 m
8 -
=
F Navier Stokes calculation
6 Present Scheme
= r — Lawrence & Tannehill[4]
sl
%, r
S F La
— = Mg
2 4 e
5 N a
5 r S
25 I o g
= = Tia g
S 3F Feen g
k3] - e
S
2F
1F
TR SRR VNNV EVEVENNE EVENEVEYE SYREEE SYAEA A
%.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
X m.

(J;M,;ch.ﬂ;l.\:.al); S Kol “"‘.’.)“'p GJ'JS_VJS':'

Sl s s el 55 o 3)5e By,
\&Y


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.11.0

[ DOR: 20.1001.1.2251600.1382.22.1.11.0 ]

S abmlr obe S ILEl o o 5 Shasl 5
S podyd Jads (Lgd o drales 5 SYsles

_ My Ou
Re,, dy

C :uwall 1 a_T
" Re, (-2 oy
S -T,,

oF W) S8 e 5 Sasl s o w5 (V) S5 50
Q—;\)b.W\ouebjjimdj.b);uﬁdw\%ﬂ
8] e el 5 el h) =l o sl JIS
w‘@bébﬁj%%d‘f@j%@\)&ﬂ]cjﬁp}
2503 S gk 55Ul b s e Gillas Ui
ubbrl&a’d_}:d)_}wdjwolﬁﬁmdj_:ﬁy
:wl&%—oi ;\)'T Ol 5 65 m Ll i el "del.w

Moo =20 Reg =14597 T =216.407°K
ﬁd\ﬂwg}jbdw\);ﬂ\/“ckﬁﬁ\ﬂwdjk
s dslw o cleas a S e s Jsb cpl s il e
amio sloul gl s ol edi as 5 b s elad g
ey S5 51 S S Sl LS L (55 10y ) DL
j.\_sdal.,\ﬁu\:ldj;)'\(_;ﬁ#wdaj,ak:).sj,idajtﬂ
Ol el L aJ walw&mbpéﬁbd\ 3

Ty =216.407°K

élﬂw\;'qu&.ﬁ@uﬁ‘u\;lf@o“ L S
sad 31 s 5 ol S5 0 Sl el U ks oy
sde 03p ol M:gmd\):.w\emiwu\{&i
Sl G s [E] e s2ead SV )" s sl e
03 f—dsn ol 3 b e ST LS Wlie ol s el
L b (C8) IS s ol ek a3l 0LE () IS0
S ol Oolane S Al s Kl edd anslie Sy, 93 U
Coslame 3 s fids ) b s Sl 0L Ll
Ol ol (C-9) K s 558 e Sl @l e s
S e S35 S b Oles el ol a3l LS
3o b g b Gleols w5y, SLSU
bt o psle 3 [E] e i @B (e Bl 4 b o
Do o3 aS Cl el s sl g el f‘f’ Ol b Sswe

DL C,_wl °"\2-‘“') Q}—;\J}- 4 Jg_»;.ﬁ 4-“.;.4 ua“l DL ol 431)\

\2Y

1.5 - .
r  Lawrence and Tannehill [4]
£
osf
Y olE
05
1 :_

i Present method
1'5_\\\\|r\\\l\r\\l\\\\lr\\rl\\\\l\\r\l\\\
0 0.2 04 06 08 1 1.2 1.4

X
||
01
ors -
Lo B
i = Lawrence and Tannehill [4]
:—
5i
s = Prezemt Meihod
Bty o
2075
T | o | f— .
] 226 [}
X
<
Sose O, Bl g9, <ol HLiS .b,k}'—ﬂ JS.::
Y t\.a 3de

0L S gk 15l SVslae Jor ol b gl cnl dlie O
Els s G Gl ol ) il S das e
0L W B (0) Gldsta 55 ¢ 5b 50 ol )15 oS 52l = 25U
)sgﬁoﬂdyv_.,;ﬁ'cﬁ:;(o)Jg_:).s.w\g,\.;e.»b
S (V) U8 5 5 X=+/4Y M. CL_LJJXQ‘@;.-
S sy ek Sl ol o351 whade cpl s bes S
el [E] e o) B Lol L1 o) s
b el ) @l s Ll sls 0L e

WAY e o) 65l TY Jlu oDzl


https://dorl.net/dor/20.1001.1.2251600.1382.22.1.11.0

[ DOR: 20.1001.1.2251600.1382.22.1.11.0 ]

ST T
[ ———— Present Method ]
25— Lawrence & Tannehill [4] 7]
oF .
- I ]
£ L 1
15 -1
= I 1
b — ] _
05f .
Lol
0] 2 3 4 5 6 7
M

wﬁr}JMJ:)ijj—\\ JS..'&

si3T oL gl sss

slel 55 . A.MiLLoJii; ke sledisy @L:J Loy ol &l
Sl e m b s s (o s VL L
s S Sy s el d all iy bl o Sl
9 sl el éu slel 5 Jg 39 o e.\.ALiﬁ[i]Cq-_)ﬂ
5 s e [£] ar e s 3 3 sd e LISKET
ol s Sl plg Sl b mls 25 8 Lol aloms Ay,
ol sy Bl lie gl 3 sdd W) sy s Oy
Jo mlsbosShe J= 2s) 0 bt amlia LOT 5ol
) s gl oS 558 e adamSle S b b Sl
sl Vsl o L L s e s lis ol s 0

s e OLis 54 5 JSJ:M\

7- Killeen
8-McDonald

1-upwind
2-Roe’s method

3-Beam&Warming
4-space marching
5-streamwise
6-Lindemach
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9-central difference
10-shock waves
11-time marching
12-conservative
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13-Vigneron technique
14-Southland

15-Riemanian solver problem
16-shock capturing

17-thin layer Navier-Stokes
18-Tangent Ogive
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