136- 130 yo o 9 o lesis 17 0,93 1396 H3T (30 Sl wlige dxo

9y el dolinle =

: . z &

o 3o Sl (wigo = 5
mme.modares.ac.ir ;’7,«/\."__:{;:%,

Tl gy Ol Jo (2! Red @ pd S 5 5 b 09 I oolau!
ol

2~..:.“ ‘*%16 . .

s o9 ply olKuils dLailgn tine ¢ gye 1
O i stai ol (SlSo ptine i) asliis S el 516 -2
motamedi.mohsen@kh.isfpnu.ac.ir 193953697 _ws Gskio ¢yl o5 #

N Ao e
ol 2l ol Jlas 2l Ked oS Gy b by Jdoo gl candVl odse gla g, 5l ealiil b pdieSTs SYolee i 1306 b TI;»’ e
3 3 . . . Wl - . L. s S el
@S Bk gl slaces s 3 1) S gl SVols s e30 la IS Wl & (o3, (lsie @ (opdiin B S 1396 Jb); 9. 50
< o . A A & . & pa . - & - .u‘)).‘ ®
G Cond zual b (b yd e hg) Cal osd odlitul (gin 93 dwiin Joo by oo gl g 0nd Jlasl Hhgl <Yslee 1396 15005 17 sl o )
bybin pmle lronl 33 20 ) d9dion Ll Jo 0 ) oy Gl o g 28 (0 S5 SIS0 0 ) oy polie Yol Ol 4l
Sia > Sl g b Dedoe oy dfuliel Hhisl @Vdlee s 53w (bydiy lagmle i )l So o Sy A4Sl ol
Gl 48,8 5118 ool Dy9e g 04 NE i b ysie cusyy S5 bpd s (wple wad e oo\l @ by BIAFYXVAgyS orioia
SYoleo (gloj iy 945 oo o3kl lojls o aSul S )3 €g > CavdVl d9ite v gy jl Y olee (Sl Cuond (jlwdiunS gly :Ki
o=l T

S gt Ol IS5 (bpditn () @ 9 083 (upp Ca D98 o0 dinS g 45 pe UgS S, o (hy) SeS 4 3
D59y Py 4 b &S s e Lt ol sl stel cusds Ll > g 00d (gjlwdnnd ilise #lo dlael L NACAO0012 Jigd sl Jo

Use of Turkel Precondition Method for Convergence Acceleration of
Compressible Flow with low-Mach Number

Mohsen Motamedi'”, Saeed Sheikhi?

1- Department of Mechanical Engineering, Payame Noor University, Tehran, Iran
2- Department of Mechanical Engineering, Sharif University of Technology, Tehran, Iran
*P.0.B. 193953697, Tehran, Iran, motamedi.mohsen@kh.isfpnu.ac.ir

ARTICLE INFORMATION ABSTRACT
Original Research Paper The system of compressible equations using upstream numerical methods has convergence problem to
Received 09 May 2017 analyze low-Mach number flow. In this study precondition method is employed in Euler equations to
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c h solve convergence problem in low-Mach number flow and these preconditioned equations are used to
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analyze flow around a two-dimensional body. The preconditioner modifies the transient behavior of the
Euler equations in a manner such that the stiffness of the eigenvalues is removed and allows for a faster

Keywords: - .

Com,ressib,e Flow convergence to the steady state. So, Turkel precondition method, one of the useful precondition
Preconditioner matrices, is applied in system of Euler equations. As the majority of solvers use conservative variables,
Turkel precondition matrix is recalculated for conservative variables and is employed in Euler equations. The

Low Mach number upstream finite volume Roe method in an unstructured grid is employed for space discretization of

equations. The transient part of equations is also discretized with fourth order explicit Runge-Kutta
method. The performance of the proposed approach is vetted through an inviscid two-dimensional flow
around the NACAQ012 airfoil with different Mach number and the steady state solution is calculated.
Numerical results show that Turkel preconditioner allows for a faster convergence to the steady state
solution in low-Mach number.

a5 ol (Blas 51 (S (Seeling 5T slagl > ool a8 S 15 axg dodo -1
Jlas 0980 oalisal (] 50 gy b 4 (Slaslme SVl Salipo sgdee bl Slawle S5 5l Glasls 4 Slowbre @Yl Seslus
el o BB Sleloee cVlw Salins S 4y (Sealinsg 5T ooz Sailagie Jds a4 05le oo Jbw (b, gilednd 8)50 40 Couy 4 aS
L ade 0y Olawe 09,0 6500 Y IS [1] Ken 5 bl il (6 3550 o 05950l a3l nl Los slaiales] 4 Cand go0e (gjluads
Please cite this article using: o lod o3liw! Jd ©ls I i cpl @y gl yl (gl

M. Motamedi, S. Sheikhi, Use of Turkel Precondition Method for Convergence Acceleration of Compressible Flow with low-Mach Number, Modares Mechanical Engineering, Vol. 17,
No. 9, pp. 130-136, 2017 (in Persian)


http://mjmec.ir/

TR VE TSR VAT YR eITE Y

OBL Zlo b 2350513 Ola Ja (hfed zapund cva JS5 35 o b gl i) Jl o Sl

0 (Pl 50 Lpbi Ghe) (S5 @) sl eebies siledtanS
o slael b gl 05 e oalital 3] > #lo slivey alad ala, S,
S rboin Ghey 0 8kes 5 L5 5 oo Cand 4 gl (55, hlise
S lagle 5 Sgo 35 2l olasl o ol Sen 75 Gl s S5
Sgde oy b

09y O0p LS 4 aS cwl cuadly pl 5l S oead @l bl
Ar e bl oml gl b ol plXes g5 aSinl podle byl iy
S (o0 ) oo (Jou3 BB (slaguily was se Al

Qb p ol OYole -2

575 pb lgl E¥olas g3 Gz oSl Yl il oo 45 ysblan

Dgdeo aiiigi (1) alaly & 90 4 (plis o8 )0 oS

e+ - (1)
Geb o5 ol il 5L ol F 3 E wld Jo oy ac ol

gl oo iy a5 (2) alal,

p pu pv
2
> |pu = | pu+P 5 puv
Qe = pv| E= pvu | F= pv?+P
E (pE + P)u (pE + P)v 2)

5 il Glce m (W, 1) Sl [Lad P JBE>(2) akl, o p

5 Glgdde caale I oS5 Sl Yol conle cwl IS 50 E
aie ol Al slael o sl Siwn obym Flosas 4 oS el span
05 o el S0 4 o T D 5 wilogge ol L JS
low ok Bt Lol OYolee oy polie cll> ol jo &dly jo .ol
Dsdse 2l Fen £ G2l 5 > ) s o0 (nl &5 WS oo
858 o0 plmil byl i (g, Lawgs SISl a5 098 Soop K00So w4 g

by Jbgl Y Olao -1-2
Jeo Sho G Zales 5o Sloy oo le Sl Dol UL U 0
Sml bl Jo @l )0 6mk g2 Sloy sladbe ok (plpl 1S o0
Sz o [18] cenl 550 ron (brota Gy el &5 WS el
Sley Slitie o 4 glacle 05 aBlal b (bl by 5o
4 SYolee ofs polie a5 WS o ol gy5b |y bl Ll e¥sles
Sy Cond 5o Gl Suore bopdlal Gl st Suop e
4 (3) alaly Bub oads o yb i bl SYolre 05 0 & yge SYo0las
I7] Wl oo oo
‘1aaic+g—i+3—;=0 (€))
B TS el el (braGin LT Ol e
adl glo e wluly a5 csl (bybin Gl 3o n
2] 8l comsts (4) alal, wiile @, = [p,u, v, 51"

r

B? 0 0 0
~ 0100
ro,) =
(Q”)0010
00 0 1 4)

oo Uy 5l eslitl sl el (o pbiin el BT 5o
Cawd a4 2l gloyaie gb il (pl Wb ole slayse o IS5

% Turkle

131

Blas 3o w00 iloarsd Slabre oVl Spolips S5 4,
¥slan s | Ygans $ 815 SISl g2y Jdoar (Sealing s
glo L ool > Jo o O¥olae ol Lol gl o oolainl Jygl pdyeSTys
b Sl 2lKen £5 Ghls 3580 05 S rdueSTs DSl &S ol
ISy Sebusgsl slagly i Sl 4 arg boaes
23,5 ik Sie cnl wl ceol 6 0LeSTH 9 s pdeSTs slacesle
S oolitad 45 ool oad sliin USie ol > sl syl cslaol,
ooy ol 5l el b cslag ] ni3ise 5l (S smose byiGia
5 Sl Elo slael o pdiaST slagh > (ogate sty b Glyise
Syl s 5 g LB slagely o2 (0.001 o ,0)

L [2] U5y ol ond @) gslie by i sl ile (956
2 0sS Lawsi b eSS Slp &5 (egrae s p eSS pstde ) eslinl
S8 g ed ez byt ol S s ead ol [B] ez
S5 sz 5 A oseSyl 08 ) by 2o b ndieS15 slagl >
9, [B] ohen 5 JS 5 in s al) s %00 (bt slegmsile [B]
gy pl &S wsls 5 we pdileSTs slaglyr slp |y (bt
paie JlaS g 3l ol pewlie SIS Al slacl 5l grwg 008 (o
Al S¥oles pes o sl 1y 05yl byt omle [7] 50
@ byt gy Sl eslaial a5 isls plis gl sy e paeSTs
B 4 omb slace,w o ) gove o Wl (e g olen
o 50 1y osmeSe )l ule [B] 5o o] (izeen wans (33 (6 e
@ s 20,s Jlsl (0,11, P) plinyeé slo it s 2 oy Sl
b0t ol [9] (hler 5 9,5 003 (pyp Sl cnl o 1) o
9 o dw slaaSed sl oslitul b g wio S (lwosky (S JE By, 50 1,
sbricm slaghs, 2L o G gleans b e
SYoleo yo 1y (b bty by, [10] Lusly o US55 iols 138 w2 090
alSgs Gloy pl8 (g, 5l eolital b Sl sl ndueS1 g LLL
@Sen g9 cds 1y gilre ploy Sl gl is)S (giluesly
ady) sl yite 5 ol sladdoles > oy g5 30 51 solital b &¥ole
Pl s (brboia gy [11] Sl oS alie (oliyd)
ol 5l gl oS iluosky Lles sl p3 ol Zle b pdueSTS Gl
Sl sy Jlgs plaat gl 1) ol 9 8,5 eolail o lastinl JS5 b b s
Obey Jleel b simmy eogaze o 1) ol QLIS (e 5l (S
9 b diged Slp WS JIF oy 090 Al S)lge 59, (o pbin
2 el s 3 63l slx U ln 1) (brboia Obs) [12] o Sen
ld drgs emmlizglS b > SO

sl glopie Gk (briin slagty, ot Sl o
@l Yol 65 WS I3 pwyn Sy (2l
G i cwl (St Gl &5 Slaclase o (0, pu, pv, E)
B yuxie yupsS aS ol ) az gl b 020 g0 Cawody ol e SYolee 4y S
9 SilutinnS (o) (IS jsb & 5 09h oo SYolas 0fg polie ok
Wia opl ol Ban wmsge )3 b o 1) (Jbybi ey 2l
ol ST U (s 5 @l SVl o byt i) Jlesl og
95 Obyz » oSl @l Yol ;o S5 byd i (i) sekie (nl sl
P> Ry Geb SYolae (e Ceend 05h oo ool e an
LS S, sy b Vsl Gloj ceand 5 €yp sVl sgume

* Local Preconditioning
2Roe

9 o)leubs 17 0551396 03T (e SHlle (e



TR VE TSR VAT YR eITE Y

OBL Zlo b 2350513 Ola Ja (hfed zapund cva JS5 35 o b gl i) Jl o Sl

£ 00 50 b0 fono gl (53, oyt sl S¥las JISH S
el (11) alaly & 90

%ffﬂ@c dA+F£QH(§C)-ﬁds =0 (11)
Spo 5 Sl (Sip0 oo ) (ypee Sl H el (11) akad, 4o
S cond gileanS ol el H(Q,) = E(Q)E + F(Q.)]
IS8 siile 5 el a1 slaJolos o Gleslgs 458 S ) 2 ¥oles
PULIPPP R Faw FCW R |
w55 Sl ool L sgasme e (39 (3:bo (11) abat, S oo
el (12) alasly aiile alians ol o 503 5 sy 5,

3
r}( H((zc)-ﬁds:rz:ﬁk-d#k (12)
o0 k=1

b &5 sl K azy 5l (5500 5 Hy g Joho azg 5 Jsb € 01 s
18] S oo dalne (13) alal,
Hi = 0.5[H(@,) + H(Qr) — F'|4r|4Q], (13)
2 el layite oy iy 4 O 3 Oy oMo (18) alaf, o
5 bty SYolae STy e ile s Ap K azy col) 5 o o
F7HAP|AQ lyo py ol 55 uSilis polie ,Silo ~ cdle ol o
[15] 5o oo dslns (14) alal,y 3l 5, 39, 50

r=t4r|aQ =

|Un|d1 + d2 +d1pAU

|U,|& @ = p|Un|ny AV, + d, p+d3pAU

|U,|& + p|Un | aV, +d6 +d5pAU

S AP

|Tn | > |0 |V AV, +d8 +d7PAU (14)
Ny 9Ny ol o &S cl Vy = —un,, +vn, )‘..\.cm (14) 4.]4.}1) 30

901 debre 0956 Sl Y 9 X Sz 50 Jsho azg p dgec o pgad
b ey onl 4l oad ools musgs [15] jo JulS b aydg bdy
Coond (14) alaly 3k Jobo S0 loazy plod 1 g)ee ,LS anlne

Sgdicn S o o5y ol sl IS

L) 6 ilwaiwns -2-3
(15) alayly asile At ans JSi 4 olgs oo |y (o b i bl SYolee
d
2t (@) =&,
=12 (15)
ala, &Smswmw,umu@b 5J5LM)LM1 ol

3
=T Z H, - de, (16)
k=1

e (6l o3 5 ] ollas b, il 3L e
Yol wiile 5 e
D9l oo A oz 4l po S Sl by b (Jgare Jomil iy

a2y bl At Sl ol jlade als 5L oley )0 98 ln

A}A..M.A.“ W &M' 3 Q?..':JL;A d.f.adl?bd Oi.\ai) MS" a5

Gd S o3 I 890 Ll Gl 4 (ol adllls ol jo Sinl 4
2 mige Sl ol Glalne loj oSy J> ol Sen 55 50

9 opleits 17 093 1396 25T ()30 SHlle (wiiie

[6] g g0 oolirasl (5) abal) 51 )5 ol (glys a5 ]
90
2. " (@) 5, (5)

WJJLO u.").lL.t ol o0l cé){‘ [6] 5 6:)3 9 @Ltu Gon ).h)l.o.o
._\fl‘_g.e Cawsd 45 (6) abasly 3o oliy slo prite sl JS 5 by i

an

r(@,)=

MZ
¢ +1 ‘%
U.M2 ¢ 2
— - 41
F(@C)= 13\/12 d)jw
5 T
2 2 _ 2
<¢>:’1 B . 1>Vt _<¢>2 +ﬂ2—1>u
_¢v @
c? c?
_pw pu
2 2
po? oo
et @
2 2
‘<¢TM+ﬁ2 1>v A
(6)

o)l (B) alal, s lo o 1, (7) alad,

¢p=U-DEB*-1
Ve =u?+v?

yP

c= |—

p

N2
M=== )

Febl osSe (Al o (b il S &, sl
Syion o (8) oy 50 &y gl a3 ool U o
[14]
B? = min[1, max(M2, M?)] (8)

9 WSS oo o o ay (b ySie elil 098 o o S )
B9 O 3 oS BB 55 (ST

ey olie byl SVolee 3 US55 Lodie pmile Jleel L
Dgs oo dnmles (9) alal, 3do Yolre i

A =2 = Uy,

Asa=U,tc €)

Up = un, + vny, JS& 4 Jsbo a2y 5 dgee o pos (9) alayly o

[13] Wl o cows 4 (10) alal,y 3o Uy g polie 5 ol
U, = 05(1 +BAU, , c' =54c? + (1+ B2)2U2 (10)
30 a5 Wgd (6 lwdimnnd Wb SYolee b b i o pile Jlos! 51 e

B9l g0 0318 sss oS 5l 4y aslsl

Yoo (S Hlw diiand” -3
G5y 5 Obosleis 4SS ol a5 sl w¥sles (giluannS ol
SYolae Sloj Coomd 098 o0 o0liinl g) CewdVb 1,63l | Sgaze woe>

D9 50 WS 4 a3 5o UgS Sl by 3ol 5

B gilwanns -1-3

132



TR VE TSR VAT YR eITE Y

OBL Zlo b 2350513 Ola Ja (hfed zapund cva JS5 35 o b gl i) Jl o Sl

Lilyd o 5 (brboin hgy <83 9 LS Julow dlie ol o
alam aygly s Mu=0.5 L ol Il pshiie ol sl ol (y> ilisie
osls )13 132 ol CFL sae allis ol Jo lp 0sd 00 J> yio
slp J> @l%es g5 amlie 5 hsbnl gl 59, s @ig S9d e
4 "4 53 GdSs" 5w A briia st 5 bricie slobs,
a5 sas e Glis @l el sud 005l Hao aes wgly 5 0.5 Flo sl
S @i g 0o plaSe s Ll (bt e 5 (bl A )
hslin 5yl g3 il o sloools b ysd sl s (55, Loy Led
o, 8kee YU Flo slael jo a5 ams o olis "4 S o ol Ken £
P8 b a4 Sl (bt e by D9zes (kb omle
@ Fes a4l 272 Loy o g )55 10984 b (b o iy né B,
Oboy e 50 5 LS5 10414 L ol Sen (byd i () 50 3 et
Oley 9 LSS slasd by iy (g5 00 (rlple dsdee Jol> 4l 246
P e ez a5l Jyaul sepelS (Sl Slanlos
6ol 5l 5 ams o e 311y 893 LS byt (B, YU e sl
S ed ol o Ken F 5 0
500,85 oo Ale > Flo sae ials b O¥oles (6 nduleST s conle

S bt Ghy 5 ead JSie jlzo pdseSTy SVoles el

Fig. 2 The airfoil and computational grid
aalllas 350 (Hlolone oSt 5 gl 2 S

o ]
& -E 11111 Experimental
© ] Precondition
(1] o S il Without Precondition
1F
P R S [ WY SN TN NN NN SN NSNS T N T T |
4 4.2 4.4 X 46 4.8

Fig.3 Cp around airfoil with standard and preconditioned method in
M,=0.5

Il 55 oty 5 8 il g, 3l ol i 5 slin B Y
M,=0.5 55 Lishyl

133

j =Nedge

y. >

j=1
Fig. 1 A cell in computational grid
oolitl 550 (Sllone oSt Joho 1 S
abaly 5l eolaiwl b ahj Jske slp sboj 8 jlade 098 oo oolaiwl Jobo
CFL X Q;
At <

<
N9 Amax)k ALk

L el 21,6 0ae CFL 4 Jolw colue Q}. el (17) alasl) yo

17)

Ar brioin byl SYolae ohy Jaie (o5 S )5 (9) aal) 4 azg
w‘ lmax = l].,’1 + C’
Jo Yol 5 e 30 Ll il SYolas giluatenS 5l

Sebse Ol i Llpd Jloel oo aslol s 098

Syl -4
58099 4l )y dieils (Sealiyng 5T sloonyay (so0e (55lwad
S Jor Slwbre lase 95 sgamme bl e S 5> OL
ab Lol sy Ol polie & anlce 575 4 Sy Sbojye mur
loaasia 5550 Lulyd Ygons digh pasein Coasdypo (5550 bulps bwgs
g oo o3l Cessy93 (550 Ll pS ploie 4 Gloyy oY sl
S e 45 des e LA Sgo ) (599)9 Olyz sl baasie 6,98
69939 50 30 9 Smgd sLad )3 (nlply 5 0o (ke aatie bobs |
1 oled 5l S g oo patie i (s el sae aw Wb
Obyz ) oad dlml (Ggo losl i e B ogh 485 plase Sl
9 Ol J3b 5l dasin b 90 Dgo ) (295 Ol 0 Wgd i
boasle, oo 2o 50 & ]y Sl plae )5l aakin be Sy
p3Y SYolas Wgd oo piiie bohd (nl (59, &5 lou; sl piio 4 4z g
Lalyd oal o anlor cs @ jre 55y Ghz Pl amelre sl
D9 on et ldatidie () Gebo Cawd 590 (5500

Jlosl GlaigSa b ez mlaw 5, 30 llpd gins Gz 50
Oxd ool o byd cpl 098 jho mhaw p Sges iy ddlie a5 000
haid 650 LS Geend Sl &5 ook 09bie Sl slaje 3 LS o
o abold a5 ool (28 L el 33l ol 59 5Lad ke sl 4 5L
69y JLad Hlade Sl S (S ojlal 4 Jlgs mhw B Jske e
285 T salme Jsho (59, 5188l Glgie ], Sl

-5

Js= ol woue oo o S5 (brdiin B9y @B eon iz
bl o> lee gamgs gt Obar S angs sladnais
Cewd 4y bl g 0gd oo lwand alie Flo ool L NACAOQ012
Al Vol hgbpl Bkl o Slasle aSl Sy slml bl
Al rinl 5o Wsdse S dguzme w2 gy booad (bl
el "2 IS sile  Jobe 3218 el lojlor o S5 4 (lolne

9 o)leubs 17 0551396 03T (e SHlle (e



TR VE TSR VAT YR eITE Y

Ol Zlo b 135 Ol Ja hed g i 55 b pub gl Gl Sl oLl

on Precondition

log (Res)

71} I R

log (Res)

P S ST B R SN BT
1} il o0 140 200 2450

Tirae (sec)

-
-4
M on Preconditinn
.
_1D-|||I|||I|||I|||I||||
0 F000 4000 600D 000 10000
Tteration .

Fig. 4 Convergence rate based on iteration and time for standard and preconditioned method in M,=0.5
M=0.5 )5 oy iy 9 9, lbl oy sl oy 9,55 Slani sy 2, Se &5 anglin 4 S0

ol 4 0gd co plp 155 sgum ol Ken Cas ps @8l 0 0l o Jeol>
St 2 (b riiie Ghgy 05 S5 Hho 4zl vue dz e S
S5l Ls'.‘.‘Ji"“" F S g S ili8l o

GIREe 9§ 25 4 -6
gl Nslas i sl S byt pele il g
aiet Oz Ol @ smop sl g 0 olml alis o yiie
=l 4 g bad gileand @lize Floslael b g nl Jo> (gamge
Ngdoo A ndaSTE SVl oz Gl S Gl L S @dl o
255 53 e 2Dl 5 99500 o 3l bt Slopm e S
3 hosn 2815 Sl ol S 4 iy sl o3 S5 i s
WS oy seelS e sae ax o Ll o)l Suil als 58 ol Ken ol
sde 5 Wigad slp de Gl i 1) 095 b oyt ey el
ohey oop e L ol¥es #2505 Fl osse 4 cos 01 FL
S Ele dae (nl 50 s 80 IS (o Iy (650 (RIS (o rb e
Shesliial g 0.1 2le sae o dly j3 o)l (bl e b9, b
Sleoleinl b Jg eyl co s 4y ibaie 85 b gl b,b i slo b,

04F

v Experimental
Precondition
— — — Without Precondition

08

Fig.5 Cp around airfoil with standard and preconditioned method in
M,=0.1

Syl 53 b5 5 sl sy 5| ol i gy i 5 JSC
M=0.1 )5 Jr58,!

9 opleits 17 093 1396 25T ()30 SHlle (wiiie

Fbonl Jom ol Sl eer lr e i 1) 0
s S 15wy 9,50 M, =0.1,0.01 5l #le slael o NACAQ012
2 0 CFL sus aie byd i (b9, 25 oo awslic cqa ool
ol &5 oal A S e o (s (bt ed g BS99
w35 el ond LBl 132 11 0.1 2l 4o olbr Jubos (sl e
5 GPriGmns 5 byt by Sl el hdnl wae sy jLad
Oglis 3l Sl ol o 05,51 "5 S 5 [8] gz e o b
<o Blod 5l b i rd g (b rbobn ) 5l Jeol> @S o 52l
L bl v g9y L cupo mie o Gldail 9 glo dae pl o
s & lgi o 957g0 (sllas e sl [B] azye o o &) gl
gy @lFen £ amlie il ol Lld Al sll s ol
S amse ol 0.1 glo (sl "6 USE" po o yd i sed 5 b b
7 Oh) & Ced e 2D GbriGin Ghey b Ele Sl o
w25 Jal5 ugaze b 4 ) @l Ko ploy Wlge g )l (oS
46410 olej po 5 1S5 16350 L by iy mé gy 50 &5 ok &
25 S B162 L (ol Kea (bpii B9y 50 5 s e
Sy o Jool> asli 152 Loy S

Fomb gl olael 3 (bybig Ghgy Jleel SIS (ouy S
el a5 M,=0.01 o NACAD12 Lissnl Js> oby>
Sy 90 2 sle gl ol o ol b sl SlsS sas e
ool oats a8 S L 10132 plp g Sy (b pdie pé 5 B

sy slr distnl g 9) a8 cayd mis amalie "7 JSS"
wedge (L | [8] ar e o @l s byt 9 PG
Doy 3 el @l egie eaalin M7 SE" s a5 sbiles
S Sy Bl sl 0 00,51 [B] 0 o5 (28 ol b (b
OYslee pleew @l &ly 0 )l (bt d Gy, @ 4
alie "8 KA o)l syiiy las 0.01 Fle sae jo by ué
Ol ) (b e gy 9 Gt Bhe) om Jr 2Kes £5
ol b5 Flo sae 2alS L a5 05l o osaline "8 SL" 5 amo e
R ey 4 Sed @lfen oley g e ORI bty
Gy 0 8 b a4 Cwl S Iy opSeln elS (b
st Kot 4 a5 1133 5laj 55 5 5 46422 L o, e
b 74 loy aw yo 5 )5 3100 b ol Sen (b ydiay (g, 00 s

134



R Sazw 9 (5 3eize (RO Ok Elo b 12330513 Ola o 2Sed @ s i JS )3 b pub iy gy Sl o Slikuwl

-2 -2

-4 -4
—_ -~}
[ 3
P4 < [
a6 NonPrecondition % 8 .
g K-} - NonPrecondition

-8 -8

Precondition
ol L e e s ol 1 PR a1
100 200 300 400 5000 10000 15000
Time (sec) Iteration

Fig. 6 Convergence rate based on iteration and time for standard and preconditioned method in M_=0.1
Mo=0.1 5o (i a5 o lliwl sla by, sln gloy 5 LSS Ol sy (] S0 55 4nylia 6 JS

@tlSos e s 5 cl 0¥ ] Ken s by by G,

b D e g 0 bl (g, 0.01 Flo sae jo 858 0l 2.7 Sg0> 04 N
tlo sae ol jo (byd i by, 5l eolaiwl 5 aes gei omlie slaguly 02 -
Suz oY ploy WS (s dmle (53 S35 L ) Gl Senl el T
Sgbse ply [
oS Canw 03 =7 02
MS?) Sgoo et pos c : [ 11111 Experimental
- © 04 Precondition
ilysS sae CFL [ . ”
Fl] e ‘Without Precondition
55 355! E 06 B
¢l sae M [
(kgmis?) Lz P 08k
M X cyz o ey u [
(ms_l)}/&-é{?)d&ﬁ;w v 1-|||l||||||!|l|1|||||
(5) o oI5 At 4 42 44 46 48 5
p)
X
Slg e Fig. 7 Cp around airfoil with standard and preconditioned method in
bt g M0l
(kgm'3) S5 P Skl o byt o o lbial iy, 5l Jolo Jlid o po anlie 7SS0
. M,=0.01 5 Jys 5!
PG omrle r it

-2

-4

-6

log (Res.)
log (Res.)

NonPrecondition Non Precondition

-8

P ESET S S T N T T T T S S S S . | Pk IV R S S T

P N SN S T T T T s
00 400 600 80 1000 10 1000D 0000 30000 400D
Time (sec) - Iteration

Fig. 8 Convergence rate based on iteration and time for standard and preconditioned method in A,,=0.01
M =0.01 3o oy st 5 0 bl (slobg, sl o 9 51,50 Dol o yy (Ko 255 a0 8 JSS

135 9 ol 17 0951396 ,3T FETS RV v [ RO



L,i:yh..\gmgks.\nhao‘\m

Onb Elo b 21390515 0l U RSed @puns S S5 o pb i () Sl oSl

[8] K. Hejranfar, R. Kamali Moghadam, Evaluation of preconditined method for
solving two-dimensional compressible flows with low mach number using
upstream finite volume Roe algorithm in unstructured grid, Proceedings of
The 8" International Conference on Aerospace, Isfahan, Iran, February 17-
19, 2009. (in Persian .. ls)

[9] F. Bassi, C. De Bartolo, R. Hartmann, A. Nigro, A discontinuous Galerkin
method for inviscid low Mach number flows, Computational Physics, Vol.
228, No. 11, pp. 3996-4011, 2009.

[10] E. Turkel, V. N. Vatsa, Choice of variables and preconditioning for time
dependent problems, Proceedings of The 16" AIAA Computational Fluid
Dynamics Conference, Orlando, Florida, USA, 2003.

[11] A. Prachar, Local low speed preconditioning in rotating reference frame,
Applied Mathematical Sciences, Vol. 9, No. 5, pp. 209-218, 2015.

[12] B. R. Shin, S. Yamamoto, X. Yuan, Application of preconditioning method
to gas-liquid two-phase flow computations, Proceedings of The 4" Joint
Fluids Summer Engineering Conference, Honolulu, Hawaii, USA, July 6-10,
2003.

[13] D. Lee, Local preconditioning of the Euler equations, PhD Thesis,
University of Michigan, 1991.

[14] L. Xue-song, G. Chun-wei, Mechanism of Roe-type schemes for all-speed
flows and its application, Computers & Fluids, Vol. 86, No. 1, pp. 56-70,
2013.

[15] H. Guillard, C. Viozat, On the Behavior of Upwind Schemes in the low
Much number limit, Computers & Fluids, Vol. 28, No. 1, pp. 63-86, 1999.

9 o plaibs 17 0951396 ,3T (o) SHlle Swiue

&ip-8

[1] H. Aminaei, M. Dehghan Manshadi, A. R. Mostofizadeh, Numerical
estimation of the wing boundary layer transition in propeller flowfield,
Modares Mechanical Engineering, Vol. 17, No. 2, pp. 157-165, 2017. (in
Persian .,15)

[2] E. Turkle, Precondition methods for solving the incompressible and low
speed compressible equations, Computational Physics, Vol. 72, No. 2, pp.
277-298, 1987.

[3] A.J. Chorin, A numerical method for solving incompressible viscous flow
problem, Computational Physics, Vol. 2, No. 1, pp. 12-26, 1967.

[4] L. E. Eriksson, A preconditioned Navier-Stokes solver for low Mach number
flows, Proceedings of The 3rd ECCOMAS Computational Fluid Dynamics
Conference, Paris, France, September 9-13, 1996.

[5] Y. H. Choi, C. L. Merkle, The application of preconditioning in viscous
flows, Computational Physics, Vol. 105, No. 2, pp. 207-223, 1993.

[6] E. Turkel, A. Fiterman, B. Van Leer, Preconditioning and the Limit to the
Incompressible Flow Equations, NASA Contractor Report 191500, 1993.

[7] K. Hejranfar, R. Kamali Moghadam, implicit solution of two-dimensional
preconditioned compressible flow with low mach number using an upstream
finite volume algorithm, Proceedings of The 18th International Conference
on Mechanical Engineering, Tehran, Iran, May 11-13, 2010. (in Persian

b

136



