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Numerical study of boundary layer flow in downstream moving
cascade blades

1t Mohammad Mahdi Razzaghi

Abstract

This study investigates the effects of cascade blades that are passed through the flow. To this end, the
characteristics of boundary layer flow is obtained on a fixed plate in downstream. A special moving grid
has been introduced for the numerical simulation of flow. In this method, a zone of the grid moves inside
the main grid. Regarding the defined plan, the regular changes of grid connections can be carried out by the
program. Therefore, movement of different bodies in the flow can be simulated even in large sizes without
reducing the quality of grid. In the written code, the unsteady form of the Navier-Stokes equations is solved
using an averaging method. For turbulent modeling, a two-equation k —e model is used. Velocity profile at
the boundary layer on the flat plate is calculated. The results are validated with experimental data and good
agreements among the results are observed.

Key words: moving grid, cascade blades, boundary layer, numerical simulation

m_m_razzaghi@yahoo.com or razzaghi@pmCc.iaun.ac.ir : g xSl Caw « =+ AVYVFPNNAY: al ¢ 315, (sope dosme 1955wl odiuggi



S

ok dazme s aSs [VE ] 0gs o i aSlt oS
L5l 6y sl (sl oads oolail Sl 5l (S (220
5ol ol Koo e, [V V]e wl Slalis aS s oS
DA V]l Saliys aSts )0 oy glo i

Lo Gid 99 4 (b, Gloee (—D3a) A D b9 5o
95 2 B 99 (nl oz E8 o 5l ey 05— g0 e
2 58 Sy 2 4 bgo cnl G35 e 00
J> e 90 Jlite S m88 ks 0 b by Sy o5 5o
S gy 50 Ol o ez Dl ounl 90 g b oo
soges Luly ol 5 (swaie Sl ol )l 052y (54

9o bl plee Jloail caSeds &8 52 5l ) 3l 29 50
O Sl OVl s 098 00 S Gl g 00d 1B A5
Jolre ploml s oo SR00S0 (55, 2 A a5 g0 5 48,
L (o) elae LS oS5 5 aSid L& (uloe 5 L]
Sl a5 Bk 5l aes o plaisl sgs a1y ool
il i ] ) ey B et aSe 8 S5
RO FRPN

Ol syl Al jolate 4y ped s, 5o
il 5 oo plowl i g9 JLail e 55 (Sh9 (bl
Pl laglall el (las S bio o 20 y0 4 425 b (G5
aiojls o aald iz o S b o dle 395 o
S |y Jo 0T a8 00g pile; g ools slap, oSl
ol @il 53 gy cpl Y-V WS (oo SYob
Ivy=vol o)ls Slgls 0,05 areilogs s o o 9,0

Joo 35290 (Sley) culae 45 (5 e 4l (il
Ll LSs5  olbuls 5o Cusgama woledbl Jlal 4 5Ls
sl 1) F9 @lle sl P slap ;s8N 4 5L g Blee
LYY Al asly aiesgu Jlons wilgs o a3l
s S clgn E8 > (g5l jaliie 4 LrolSiglejl 5o
Sl eolai ol 06,8 oo SIS 0l Jigr JLS o |y Sy g
G5 (nl ol ol goue (ilwan gl alie B,
508 ol g Ll sl bigd pl 5l sacgamme Jolis Joe .l
S S5 2 bl (ol S B ol b S oV
35 b gy (ol 50 S (e S8 2 ()l S e A S
9 e OIS > Sl CiS 2l ey oYLl late
Lol gilwads LB 5,5 ol

0,558 (gwdipe (hdgh —(gole @ 2L

Iy
14 J.:.)L\ afs«) c)Lo..i': ‘Ha 9 S JLu

dodlo

b e o 595 0l ilwan® 3)l90 i 3
5o Llog—8 o plonl cwoWl (L > 09 C1giSs (0,8
5 OILL CewsVb 0Ly 0l e 40 Blge 8929 )90
oo j5e &S lairdlog )5 5o abox jl0g waly> (ot
loy 4 odew; Ol U ogd oo Sl gl > Jlis 1550,
3L shhe adgs (bl sl (hgdae o LLL Sy sl
LY wuwlﬁ L)"‘ )0 Pow e Mo ﬂ‘-\.Lo.> )‘ wb o»))'lg 9
30 &5 b, db‘;}gjj Slas dw dllas Cde en
ol 4285 18 liie a> g5 0,90 Jas] i oyl

«$)Mbb (o9 ama 5l (I6 Gb 2 la Soams
S g, 3l eolawl 4 1) ladxe (550 aY &l L36 ¢ ilacel
> o Sldllae w)lge pion jo.ccwl 00,5 blate oy
DV YT 05 o plonil S joreie Slakd 5l osliwl o0 5 b
Plio 51 S yxie Slakad ¢ 2885 Sladlas | dcgozmo S5 0
30,15 550 Slax e g oo 0old jee oL fgs jo b,
Tf-v]

W3S )18 azgi 990 1l (Pl (nl (g30e loand
A gl g, 5l oolai il (Dladad e Cole Ll
el (s dedy) nl abex 5laledge 2 3SUT, S ke

AL S S e e 5 Blibl o lhgen a0
30 gy ol sl eslaiul g8 s asd I las o 4l STa o
b el Bogu pwe Bz ljen § S5 sl sl
ol Om el Jsl b cul p3Y b > bdow 6l >
Dgds plil al> e o 0 Lol aS i g e sleaS i
Sl duxi 4y axgi b ol alidls w15l 8 Sllxe
LAY -] el ligean ooty g, oM ) coslicinl 8,50
ST aledbl Jlasl jo cdgp—w jelaio 4 (hg,y ol 4o
3l 50wl ogd oo plol ploslnl &jmar (gamaS i
43,5 )18 adllas 550 5 lojlaw o (g0aS—l oo IS
Dyv-ny el

JUUELE FIFUWE LA S| WA KPS WON CERP L VIR PR
ooy ool blas slaes .0g-d o plodil i gla Lol pox>
Lol el 08 jlmns Gldigra oSGl 4y Comd (39 ol 5o
uﬂ.colf A (> sj))a 6[.%‘5»[2.:[? 5o U’“"ﬁ) UJ‘ )‘ oola__wl



63,5198 (st (S2B9% — ole 423
a4 J.ulJ ‘ﬁso O)Lo..i': ‘Ho 9 S JL..J

Y

L gloasas jlaasiads plow 4 comud Jo Couls oL
O Joaz) o oolazwl calizes blas ¢ aoylodl sloss

oolazwl 850 (glo aSls Glasino -\ Jgoo
Loiladl Slass bl sloss Al £gd
YYA0AA YY-4:0 S yd
YAOFON YAAYTY g
AARA NG YarayA 53

Symmetry

sl S
s -
- s
plate
L = = -
input|fiov @@, utputlflo
i g '\ —
== wall
i =
-5
— < —1.
s = [
= E
§ &=, 8
iy 2
§
L .
R =

symmetry

Sio by g (Flewlxo ylase — ¥ JSCB
20 Olee (gat Al (gl ol a8 S\l o sl
el 0dls oalo UL““" Y LSM

9 Ao ool py 0ol aid S S )0 S lawlro aSll Y S
b f 98 51 4 goxo

Jloe S e glge s by 53 G50 Y (b 398 (o2

iy 52 3l eplerr el jolite & o at sl s
00— obl.a.._w‘ Lb)l_w 4.A_..ul.>u (5‘)-’ ‘5;]6 J)LA}‘JJGA.M
ol ol.’?ul ‘)...Al.a g_)lal.wja )l ‘5)5919 (_gl).’ ‘U’“"j) U"‘ B o
solaul OG> AW Cy..o‘ 9&5) o..\.;.;SuS.LQJ_....n ‘_gl.bfa).a )|
dwle g OYolee Gloy (605 S, jolaie a4y .ol 0uls
A ye CB b aile) 90 ped (g, SOl Wil e Sl Al
l.»c..xoT Cwdo Gl.u %LQ.’ B [YQ—Y‘] 09_.»(540 oolai_ul 99
o0 dlio [£] x> o 40 00 plowl alBiule;l ilalas
Joo g s
Blo g e ol axmian SO Jols oo 2> S o
Ao lin johaio 4y Sl () (0 Wigd o 00l jgue azan ilas
ouls axlllas Jowo ¢ g1 y25 sosls b soue (g5lwa i s
olis V S y0 a5 jehailen 23,5 )15 e [#] g pe 50
Sg0s o Jlgte S oo sla bgd pul Jow ol jo cul oad osls
Ok 5o ol asio G g 00,5 S > ol by s
L NACAD024 L 55 1! adaie .l 435,55 LT o
AP e 5l Ve oMM al_old 5 aS o0gy O-MM g Jsbo
Omle alold 5 004 VYMIM Bl azma o Gl s ailazs §

S 00

o Probe wpport
S0 mm 08 mm diameter

Alrfoll trip wire
Hot wire
probe

L4 ‘ 12 mm <
Flar Place
&0 mm Xm
I b

ol amino o pzio J3.99 1) At bo3T Joo Seilowis — Y S
[£] (15 oo &1y 9

S e s gl 5 ol amios Jol Slsbs olass
a8, 8 b 0 (65 sl d el sk sl L ¥ ST o
a g b gun aSid gl aiad eols las ISS [ 5 eald
el g5 5032 oSy e & i 5 45 5L
yekite 4 .ol ouds oolanwl aS i Sy 55 e slesle!



S

bl Lo sl G oF 5 oli sl yss )10, Q
3 (Sxad] gildae jghite 4 aiie dilise glace> 10 2 9
JGsl SYoles .l oo oslatul K — € salolas g0 Jow
by Gl 25 Dogar | 0o (6 S gt p b 0 Siad]
0Q, o(Fi—FY) a(ci—GY)

ot + 0x + dy

5 @bl b slalo, G g F 5 Sl slapita Jlop Q¢
(Szid] polie Bl 5 us jslaio &) St ez p 5 s iy
Ll 00l a8l

o ol o¥olaa b bsS MlS & jay SKia ] &¥ols
SYolae asile s (Sia T Jow dolee 50 45 ixe (s ciloa
Jo sl 5 00t a8l (Sl ¥olas ol s 4y (55,5 5 piiage
do cddobe b s (sadlobis,lpz Vol oo

=S, ™

@ o 21,502 #5055 bawly Cds hg, (I b 0o ,S
Sl g b wgie 0l > SYole gal> e > slas,
~~\ele.g,- Sg2

oiws S eylage slaglall olod (slys (V) doles i b
39 o0 Jolo Jomslyiss S¥sles

S QA +R(Q =0 ®

B ol s Gliee onimayLits Jsl o5 393 Alolae o
2 s el slayls Rij(Q) 5039 oy 4 s J S o>
P22 g ol 4 a5 b s ge Gt |y J 5S> gola |
() 508 5 2 sl plall) pdg IS i Y 5l )15 slag Lo
OY slaglalailas leg 4y cos o 1o o baladl oyl
OV 58,5 A 50 b o8 (S5 o sbapylall) pdy S pots
SRS At Glgion g 4RI Gloj 4 Sl (a5 092 90
I (F) aaly 5 conl 2ol loy 4y Comd baylodl adS” gox a5 5 S
Dol smagiil ) yge

A T@FR@=0 ®

3 Lolall mhaw dwle 4y 5l pas 5 (F) a5l eolaiul
23,5 oo J ey )3 0L Sl Gl g Al pe jo

b9y 3l el Ly J S poe> 0925 69, » (ol pite
tolm yglome (glalell S bl iy ol (g8 L wwste

4 5 Soas Sl slap i sl ¥ (g, cnl 5o el oals
g adlal (F) alal,
d
Aig; Q) +Ri(Q - Di(@ =0 ©

Oy 03y 5| (Egian Sl p 5 alxs sl

sl 00 oolazwl

0,558 (gwdipe (hdgh —(gole @ 2L

I ¥
14 J.:.)L\ afs«) c)Lo..i': ‘Ha 9 S JLu

SHadigt ol o8 > (5l j5hiie 4 Lallsylejl 5o

oolii—ul ol by )LS jo allis Jlgh 4y a8 (S poxie oS
@ Jate Jge slafigdnl Glgs (ul 9,5 &8 > b S (o0
slosliial a8 oo jone ok Jigs po (o by Jlie 5l ]
S e Jlgie sbohigdpl s30e giluand )3 alie 2o,
Slowlre a0l )0 Sz red 4 alk dde Sl WlgS oo
S—b a8 Il 5o S e (ge—an s Sy eslaiul 59
D)z 4 (S5 308 sbapled) Gan ly cnl skl

WS (oo Sy (ol Al B 5o S8 s g g Sl
5 0051 ol SIS (5, o sloplall) a5t (gladand 4k
sladigdpl s ool 4 Wl (IS b ks g S5 >
S sh G 900,58 &8 > Y Caows 4 (s9-an )9 59,
ol Sletond (rale wBL ISl aSel 8 > oSl sl

ol 958 oo oslitul 23y K& s Ol Y Sy S e

il S, Ll ol o5 ) & g5 b 295 e ] o e 5 il

4 aaii o o jlas Ko ole a0 Gl b J S i
QP 69f9)Mm5oo;MuYL@| smwd.]am;ﬁo.aﬁjﬁ

Sl 00 00l QLM.;
S o 5l e oads gledS )5 oSl (I -F) oYL Sl o
-F) Sl IS8 o el o ool Las YU Cos 45 Ly g8
3 e ) e slagledl jo oai sl o Sl s (o
WZolgs 00— oo 0y Hledl S Jgb ojlail 4 olouls
35 9 O 5l 9 VL] it 092 (0 -F) (Gl S
i S50 Ay ey ebaie 4y oo o plii ] b Sl
Sloaus L;)L’SPL; Lmo)f e Ceoww é‘UbJSJ»).)
ol Julo

5 wlopd @i cgaied 0l oy Jlos ln
SYolae el ol oolaiwl S gl 1ol Y olee 5 dyaSTys
25 D)9 & oddani g Al 53 g ld SB35

O

i_Rrv i_ v
0Q O -F) 3G -G _

\
at 0x dy o



o/

SO)Pl9n (cwdige (b9 —(sale 4 0
a4 )—ul.s ‘ﬁjo a)l.o..i'a ‘Ho 9 o JL.;

As Bs
Ay B4
A; B;
As B2
Ay B1
An Bn
Ag Bna
Ano Bn2
Ana Bas

Bs
As B4
As Bs
As B2
Az B
Ay B.
An Ba1
Ani Bn
An2 Bas
Ans
As B4
Asg Bs
As B:
A2 B:
Ay Bn
An Bn1
Ant B2
Ano Bns
Ana Bn4

Jloe S e glge s (ol 50 G0 Y (b2 008 ()2

H I
- | il
EEEEEEEEEEEEEE t {
- I
n il
] EREamam=amES !
m I H
T
[ 7
i T
I T [
—t T+ - <‘I‘__L_
T : AN
! <
. 1
f RN
o Sis
- i
i ______H
|
i T
HH
2 <
:
- BEEER
7 1
| |
I NN N
] E;. l
! u :
T [
! 1

Ao YLl ki g i gd | &8 > 4 bgryo Wl —F JSCS



S

el 00 oolawl L:bo..\;l.«..ﬁl.u
5 (Slmmloe Al Coro g 85 () p jslaie ol o
D )y5— (it 8,5 8 (s 2 )90 @il Sl o by S

S9) Gire Y )0 ey g595 5 ALBla (S > e o Jogh pl oS

wamioad )l 0.7m 305m 03m ¢ 0.1m Jolgd ly

W PR WP RY ULMJ 0 Ji..:

14
x=0.1
1.2
1
®  Experimental *
0.8 = == Present study (Coarse) ™
N Present Study (Middle) ° .
0.6 e Present studly (Fine) ..
04
0.2
P
o
o] 0.2 04 06 0.8 1
uuo
14
x=03
12
1
®  Experimental s
xperimenta
08 ®
- Present Study (Fine) "
0.6 ==+ Present Study (Middle) ... )
0.4 = == Present Study (Coarse) .. -
-
1
14
x=05
12
[ ]
1
Present Study (Fine) ¥,
. 08 «++ Present Study (Middle)
0.6 = = Present Study (Coarse)
0.4 ®  Experimental
0.2
P Y
o T T T T T
o 02 04 0.6 08 1
uuo
14
x=07
12
1
0.8 s Present Study (Fine) °
o sssess Present Study (Middle)
06
= == Present Study (Coarse)
04 ®  Experimental
0.2
P
o T u
0 0.2 0.4 06 08 1
uue

ad 5l aliceo Juolgd gl (5 p0 4 o oy 20598 -0 JSU
o el b o 50 (X) axbo

SO)Plgh (cwdige (b —sole 4 i
14 J.:;L\ sfj.) c)La..i': ‘fasa 9 S JL.u

| #
laaj.m_v U’“"j) )‘WDQLA e ! 00 ool ‘UL&)BJ
°5'“’a5" oolaiwl g0 45 jo o

(an+1 n+1) (QinAin)

2At (Q‘n AT 1)] +
Rl(Qn+1) _ Di(Qn+1) — 0
23k 2y Sye—o @ Sloj pl5 12 ;0 558 dolas

[ZAt
*)

D9 0

a .n+1
Ai Q(,;I_ + RT(QIH—:L) =0 V)

owilel RF(Q™M1) 5 sibme loy T adayl, pl yo 45

30,5 (o8 Ay pj g 4 g odels oSl 8
R} n+1y — [_ n+1A n+1
Q" = |55 (Q )
v (Qi“A-“)
1 1
T 2at (an AT )]
+R;(Q™h)
—D;(Q™Y)

ool L}S—&:‘) = —e wg) )I (V) dJolzo J} LQ‘)—’
il 325 S50 4 BeS =Sl slalapo lezr by el oo
Q= ()"

At
W = 9O _s, —R*(Q©@
QW = Q¥ —eq =RI(Q)

Q@ = QO _c, %R;(Qu))
i

Q)
At
Q® = Q¥ ~c3 =R{(Q®)
i
At
QW = QO —, XRT (Q(3))
i
(Qn+1)m+1 _ Q(4)
i
S
R*(Ql)
[ZAt n+1A n+1) (QinAin) (\ N
1
+2At(Qn 1An 1)]+R(Ql

- D;(Q%)
1,0.5,0.33,0.25 5 5 4 0y 503,05, 0y Cob polie g
iloas az8,5 Ll o
008 & e Sl g 5 o e s a8 jslate 4y
bslgen g 0aniSTre (ST (oo Gloj B aiile (o Koo



S9)Pl9h (cwdinn (g% — (sele 4 i
a4 r.ul.: P9 a)Lo..i: P9 9 S JL.J

.

14

f=20Hz
12
1 Present Study
08 ® Experimental °
06
04
0.2
0 - w
o 0.2 !
wuo

ad 310.5 M alold 15 (550 4Y 55 e o 2595 - S
=20 Hz Lils 5 sl aivo

14
f=30Hz .
1.2 A °
14 w— Present Study
[ ]
08 ® Experimental °
Ll L]
0.6 ®
04 -

0.2

0.2 0.4 06 038 1
uwuo

ad 510.5 M alold ;3 (gm0 Y )0 s puw 21595 — Ve Kb
f =30Hz ol )8 (gl axiio

14
f =40 Hz .
1.2 .
1 ~===Present Study .
08 ® Experimental L
= .
06
04
0.2
0 : ; . @ )
a 02 04 0.6 08 1
wuoe

ad 510.5 M alold ;5 (5550 Y )0 Cas puw 21595 -1 S
f =40 Hz ol 38 gl axio

5 Sl S L gose b e Ve g Ve slaguils 2 sl
oS58 e e okl polie b alie saig, slyls
B elBall wbs Gyl g0 0 goae @l Fe f-
ahad s K j0 1) Koaes sdel Cawdy sleesls g ailass S
L ol gous C—'L‘-' o ok U.(:a)’.; Egozmo ) .x...Su_a
5 e,y slo,gUlS 0ed e oy skl sleesls
Ol Ol oy jeme 5l (AL DIFTAY USG50 Vg 68

Jloe S e glge s by 53 G50 Y (b 398 (o2

Uy = 3.0m/s Obyz (699,9 ue s o Joo don 4o
alold o ol dm o ol 4 Cas S g o ad 5 Lk o
2lEisles] g onnl Cans bt s (6 i oglis x = 0.1
s s camio a5l alols mli3l L Ll 5gs e ouys [6]
i o 5l (A6 Wl oo el Gl aiS (o0 o (6t
@i gy g i o ool ad o I8 L > BB
sl
by b Spe—a b figdnl il pe bz el o
U =,u, =3.0m/s.u, =2.0m/s sloce,—
Al ols 4 axg b oS o youe ami o blis 51 4.0 M/
S5 ami o Pl j3 anly F iy (LS8 e g8l
.a_;:,Le‘Sof=40Hzﬁf= 30Hz f=20Hz

el 0ol 00ls HLaS VY B8 sl IS 50 el ey b

14

f=20Hz
12 4
1] Present Study *
. [
0s ® Experimental :

-
06 -

0.4

0.2

] T T T T
] 0.2 0.4 0.6 0.8 1
uvuo

A 310.1m alold 45 5500 @Y 53 &y @395 =7 JS0
f=20Hz oWl 8 gl axio

14
f=30Hz L]
12
1] e Pres ent Study °
L ]
08 ® Experimental °
- L]
06 -
04
0.2
0 &— T - — r .
o] 0.2 04 0.6 08 1
uue

ad 310. 11 alold 55 550 aY 55 sy 298 -V JSCb
f= 30Hz ol 38 gl axbo

14
f=40Hz
12
1 = Present Study
0.8 @ Experimental

o 0.2 0.4 0.6 0.8 1
uuo

A 510,11 Alols 15 (5550 &Y 35 S o 0395 A JSC
f= 40 Hz ol 8 gl axbo



S

Ll LS5 e o554 (saaSt L La o DI il -
s9bie ay yilej 5 ooy slopi,sllan Sl Ly 3lee
Lo glodl S e o 53 (39 (oloiln

09y cwlin 0,Sles g g3 CB8 el iy mbi
Gl )0 gy (65,15 4 im0 oo lid 1) oads oolasul
g oo Slgidiy S ote plu]

&=l g b

[1] Liu X, Kamliya Jawahar H, Azarpeyvand
M, Theunissen R. Aerodynamic
performance and wake development of
airfoils with serrated trailing-edges. AIAA
Journal. 2017 Jul 31:3669-80.

[2] Huang GY, Shiah YC, Bai CJ, Chong WT.
Experimental study of the protuberance
effect on the blade performance of a small
horizontal axis wind turbine. Journal of
Wind  Engineering and  Industrial
Aerodynamics. 2015 Dec 1;147:202-11.

[3] Vi¢ek V, Prochazka P. Test section of the
wind tunnel IT for aeroelastic experiments
with blade cascades. InEPJ Web of
Conferences 2019 (Vol. 213, p. 02095).
EDP Sciences.

[4] Kato H, Taniguchi H, Matsuda K, Funazaki
Kl, Kato D, Pallot G. Experimental and
numerical investigation on compressor
cascade flows with tip clearance at a low
Reynolds number condition. Journal of
Thermal Science. 2011 Dec 1;20(6):481-5.

[5] Vera M, Hodson HP. Low-Speed vs High-
Speed Testing of LP Turbine Blade-Wake
Interaction.  Inl16th ~ Symposium  on
Measuring Techniques in Transonic and
Supersonic  Flows in Cascades and
Turbomachines, September 2002 Sep 24
(pp. 23-24).

[6] Gete Z, Evans R.L. An experimental
investigation of unsteady turbulent-
wake/boundary layer interaction. Journal of
fluids and structures. 2003;(17):43-55.

[7] Prochazka P, Uruba V, Pesek L, Bula V. On
the effect of moving blade grid on the flow
field characteristics. InEPJ Web of
Conferences 2018 (Vol. 180, p. 02086).
EDP Sciences.

[8] Zhang S, Liu J, Chen Y, Zhao X. Numerical
Simulation of Stage Separation with an
Unstructured Chimera Grid Method.
In22nd Applied Aerodynamics Conference
and Exhibit 2004 (p. 4723).

$2)9il9n (i (g% — sale 4 i A
A 5l pgd o)led cpgd 5 S JLo

i <1 1.76e+03
o 158e+03
1.41e+03
1.23e+03
1.06e+03
8.80e+02

S 706ee02
5.28e+02
352e+02
1.76e+02
6.83e-06

1.15e+02
1.07e+02
1.00e+02
9.27e+01

8538401
| 7.79e+01
~ 7.05e401

6318401
5566401
4828401

L 408ee01

B 3301
260e+01
186e+01
1120401
3796+00

& - \
\

Cowd ol by p g 536 1Y S
oY 9,395 (& (St 59 5955 (A

a5 (haz (g39e by, 5l B eaD I hed pl 5o
Oz @il gy cul alSiglojl b 5l i85 5
SBCa o 00l (B I yorie Al 0l oolaiwl Wilo 8
hosleies et S92 90 slaghy, 5l o & atls (ol
R
e 3L bl Sl -
SledMbl izl 4y 5L pae asess jo 9 4l Sl oolanul -
A Saplell gl 5o pas -
Wg— oo JSb st )l a5 slagledl (39 At i -
SURPTIIN])
L adsl S S Sl lnlall K s 5 -
6,5 g 0olus oy SISy 51 ool



q S9)Pl9h (cwdinn (g% — (sele 4 i
a4 )...nl.: P9 o)Lc_& P9 9 Covs JL..J

calculations. Computers & fluids. 1986 Jan
1;14(3):295-3109.

[21] Rai MM. A conservative treatment of zonal
boundaries for Euler equation calculations.
Journal of Computational Physics. 1986
Feb 1;62(2):472-503.

[22] Huang S, Mohamad AA, Nandakumar K,
Ruan ZY, Sang DK. Numerical simulation
of unsteady flow in a multistage centrifugal
pump using sliding mesh technique.
Progress in Computational Fluid Dynamics,
An International Journal. 2010 Jan
1;10(4):239-45.

[23] Falsafioon, Mehdi, et al. Moving meshes in
complex  configurations  using  the
composite sliding grid method. Computers
& Fluids, 2020, 206: 104256.

[24] JAIN, Nishan, et al. Massively parallel
large eddy simulation of rotating
turbomachinery for variable speed gas
turbine engine operation. Energies, 2020,
13.3: 703.

[25] Guardo A, Fontanals A, Coussirat M,
Egusquiza E. Detached eddy simulation of
the rotor-stator interaction phenomenonin a
moving cascade of airfoils. InlOP
Conference Series: Earth and
Environmental Science 2012 (Vol. 15, No.
6, p. 062039). IOP Publishing.

[26] Razzaghi M. M, Mirsajedi SM. A 3-D
Moving Mesh Method for Simulation of
Flow around a Rotational Body. Journal of
Applied Fluid Mechanics. 2016 Apr 1;9(2).

[27] Razzaghi M. M, Mirsajedi SM. A moving
mesh method with defining deformable
layers. Progress in Computational Fluid
Dynamics, an International Journal.
2017;17(2):63-74.

[28] Razzaghi Naeini, Mohammad Mahdi. A
Changing-Connectivity = Moving  Grid
Method for Large Displacement. AUT
Journal of Mechanical Engineering, 2020,
4.2: 241-256.

[29] Jameson A. Time dependent calculations
using multigrid, with applications to
unsteady flows past airfoils and wings.
In10th Computational Fluid Dynamics
Conference 1991 Jun (p. 1596).

[30] Jahangirian A, Hadidoolabi M. An implicit
solution of the unsteady navier-stokes
equations on unstructured moving grids.
In24th International Congress of the
Aeronautical Science 2004.

Jloe S e glge s by 53 G50 Y (b 398 (o2

[9] Togashi F, 1to Y, Nakahashi K, Obayashi S.
Extensions of overset unstructured grids to
multiple bodies in contact. Journal of
Aircraft. 2006 Jan;43(1):52-7.

[10] Liu J, Akay HU, Ecer A, Payli RU. Flows
around moving bodies using a dynamic
unstructured overset-grid method.
International Journal of Computational
Fluid Dynamics. 2010 Jul 1;24(6):187-200.

[11] Kannan R, Wang ZJ. A Parallel Overset
Adaptive Cartesian/Prism Grid Method for
Moving Boundary Flows. InComputational
Fluid Dynamics 2009 (pp. 323-328).
Springer, Berlin, Heidelberg.

[12] Kannan R, Wang ZJ. Overset adaptive
Cartesian/prism grid method for stationary
and moving-boundary flow problems.
AIAA journal. 2007 Jul;45(7):1774-9.

[13] De Laborderie, J., et al. Numerical analysis
of a high-order unstructured overset grid
method for compressible LES of
turbomachinery. Journal of Computational
Physics, 2018, 363: 371-398.

[14] Batina JT. Unsteady Euler airfoil solutions
using unstructured dynamic meshes, AIAA
Paper No. 89-0115, AIAA 27th Aerospace
Sciences Meeting Kc Exhibit, 9-12 January
1989, Reno.

[15] HASE J, ANDERSON D, PARPIA I. A
Delaunay triangulation method and Euler
solver for bodies in relative motion. In10th
Computational Fluid Dynamics Conference
1991 (p. 1590).

[16] Batina JT. Unsteady Euler algorithm with
unstructured dynamic mesh for complex-
aircraft aerodynamic analysis. AIAA
journal. 1991 Mar;29(3):327-33.

[17] Pirzadeh S. An adaptive unstructured grid
method by grid subdivision, local
remeshing, and grid movement. Inl4th
Computational Fluid Dynamics Conference
1999 Jan 1 (p. 3255).

[18] Degand C, Farhat C. A three-dimensional
torsional spring analogy method for
unstructured dynamic meshes. Computers
& structures. 2002 Feb 1;80(3-4):305-16.

[19] Zeng D, Ethier CR. A semi-torsional spring
analogy model for updating unstructured
meshes in 3D moving domains. Finite
Elements in Analysis and Design. 2005 Jun
1;41(11-12):1118-39.

[20] Rai MM. An implicit, conservative, zonal-
boundary scheme for Euler equation



