[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1395.16.10.45.6 ]

228-218 4oy <10 o louds (16 095 1395 (53 ()30 SuilSo Jw Iy dlxo

iy Sy pele dolidle —p=_l— _
p . Z i o=
O 3 Sl (wiigo = &
VAR
mme.modares.ac.ir jﬂ_"{;,?/;

S FOINT Jgw S S0 g 3 Ko 9 Ol > 9T g (Slw med Pl (Sdue b

3C)k§ e ‘*26-“)&44 S8 3l g ‘lJéuJ)L.; ($340

IR oyt S oSl Lddlgn cudipee eyl (ool (ggntils -1
O cyte i olSisly (Sl puwdigs ¢yl 3kl =2

O oy S o8l Lddlgn g o0 75> getils -3
ghadirib@modares.ac.ir 14115-116 i giie o5 *

s Wlio eV

w3an ol & ey 403V a3 o bl (g SRalS ¢ olen (claygige (YL sy (sl ygw eSSl 3 018 s g pre Sl 1 S oS (oinggy dllis

ol el 3l g ate e b oy 31 oalizl jglae ol (el ol o yizmly Al ey pad (slime il 1o 53 Lt ag ol nl3a)

1395 sl 3 18 sl >
1395 ;g 05 07 s oy

Gy el 0,5 e )5 SaaVlg b gl lull 51 b s lals)) (o jme 3 Vb e p Sl gl ) <S50 5 a1l slaoy 1395 e 24 1yl » )
il g by dhdl el byed opl S o Juatie K05 4y Sl e bawgi 1) jgloe (slaoy c olroy cpin ye clils)l als Ll 4l
o SWllao 52298 gy blogyg (Sealodgnl S 2 Sl 02 8T Cnl 0 (on a1l 53 Sigbise bloseyg (S oS pedlagy
3, Sles lis cpl ) cawl o aidlyy Jlw! abls o 51,8 ad wld)S w0y Sab p ped Glyil 4y a8 Cusl ol plodil diej (pl > (eiST Slbe yed
S I3l %> b 31l 01 Auglho 5 iy o a3 b (5,503 5 o yod 38 (5o S 9353 00005 Ko (Seslidgyl S A e
o5 a3 sl o3 p3in m3 e G5 g (o) ol ol 0 sy 3390 35 0 3 Sy Lags oas il Gtulis 5,8 USE :l'jjf‘

Hd ped g Hlade 5133% (e 4 g ge Jols |y ymed BLbl ¢ anl a8 dy 0y Jgb 51 2.7% ped bl ialS Sog il o35l

S o Aoy ol ad Al S oSN 4 Wed e sl e I 36 cla S5aST izmen S e Lt

Numerical study of mid-span damper effect on the pattern of flow and operation
of transonic compressor blades

Mahdi Jalalifar, Behzad Ghadiri Dehkordi”, Saleh Fallah

Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran
*P.0.B. 14115-116 Tehran, Iran, ghadirib@modares.ac.ir

ARTICLE INFORMATION

ABSTRACT

Original Research Paper

Received 07 June 2016

Accepted 28 August 2016
Auvailable Online 15 October 2016

Keywords:

Transonic turbomachine
Mid-span damper

Shock induced separation
Vortex pattern

Near stall

One of the important purposes of aero-engine high speed compressor design is to decrease compressor
weight. In order to achieve this purpose, it is required to increase the capability of producing pressure in
each individual stage of the compressor. The most common way is use of high pressure aspect ratio
blades. These long and thin blades are exposed to serious vibrations in the high speed flow because of
the aeroelastic instability. Mechanical designers link adjacent blades by using mid-span shroud
(damper) to decrease the blades destructive vibrations. These dampers cause flow blockage and
turbomachine performance loss. In this study, the effect of mid-span damper on turbomachine
aerodynamic operation has been investigated. In the previous studies there was less focus on the effect
of damper on blade shocks, trailing edge vortices and near stall condition. Both with and without mid-
span damper have been investigated and compared. On the other hand, the damper effect on the
formation and behavior of shock induced separation has been investigated in each of the two cases. As a
result isentropic efficiency is decreased. These dampers also cause 33% pressure on blades. To avoid
this pressure loss, the blade length is increased by 2.7%. Turbulence due to presence of damper leads to
the distortion of vortices pattern in training edge.
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Fig. 4 Variation of Isentropic efficiency versus number of elements for
NASA 37 rotor blade
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rate (Present Study)

(ol anlllas) dn o (o8 & Coms 083b Sl puis (W10 Y

85 -
80 1
75
70 |
265 -
E—‘so.
5
£ 55
50 |

= = = \With Damper Without Damper

40

0.95 0.96 0.97 0.98 0.99 1 1.01
Non-Dimentionless Mass Flow

Fig. 10b Variations of total pressure ratio versus non-dimensional mass
flow rate (Present Study)

(ol aalllas) s o (20 & S JS jL28 Cons s (010 JSCi

223

\ \ [y+~15]
Fig. 8a y* value in the vicinity of the blade
0y Sy O vt lade (W18 Y

Part Spa‘n Daméef

T

Fig. 8b y* value in the vicinity of the damper
e S35 3 Yt e (08 U

— — — With Damper Without Damper
23.2 1 85000; 23 90000:
23 - = _ 22975 100000;
- S~ o 22.775
g 80000; a  102000;
2 226 - 22.925 85000;  102000; 22.65
=3 22.925 22.65
= 224 - 104000;
] 104000; 22.475
g < 22.475
S 5 107500;
21.875
21.8

70000 80000 90000 100000 110000

Outlet Static Pressure (Pa)
Fig. 9 Variation of mass flow rate versus outflow pressure

o L A Cad o s 9 S

Ol e Sebil Jlid s 5 oz (20 loge 9y o KT

10 o plais 16 053 1395 (55« )0 Splo ks


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.45.6
https://mme.modares.ac.ir/article-15-9544-fa.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1395.16.10.45.6 ]

Ued 9 33N s34

5391035 Jgan puaS S0 x 3yShoc 9 VLI I 11 e paed Hil B Juxs

First
Blade ||
Shock |
i
{ A
o
— Second Blade
) Shock
17Cm
Without Damper
Suction Surface
TE
LE Hub

Fig. 12 Investigation shocks on surface
on 85y SBS b gy 12 S50

[S— . )
T
First Blade Shoc% : First Bakde Shock || ="
’ ——— Second Blade . 'p
LE ‘ Shock ‘
near
near TE
Second Blade — ‘
Shock
Second Blade
Shock

x

2 _J
Hub

Fig. 13 Comparison of shocks on the blade for two blades with damper
at different position

Glizee slacoadse ;o 00 g0 ‘_gl)g 0y (59, BS gl Ml.a.olSJSs&

LE Hub

ibse o 93 Jlax (iluancs 4 5l Sed pl eaalie
00 09N G0 S 595 ol » Sed Fl @B addlae -1-10
S

e oL S8 s 1, il 5 Sy g3l 14 S

10 o plais 16 0,53 1395 (55« )0 Splo ks

ol Ggy g pSojlail a8 ot pimen ol Jliwl bl il a4 Soo3 oS
ad 5lam g g5lee (ol Q&n) oy oy b loged 5 Conl 48,5 & )50
A3l gn iy oo 1 0.06 Ly i (s pgome (salols 5 o3
oy Blbl )5 dszge slaSei [1] juis a5 wd ol dedde o
11 JS 0 S cpl il 00,5 T 55l 5l oolatwl b 1) 500 b ol jor
e dloz ad 10 (650 g0y dlex ad jo Sed SO Lailoads eols ylis
90 Jlasl Jowo 5l s Sed cregs gl 18 o S Ceown j0 &g
Ll S'gi oo @ (olad Djg0 4 Sed 90 58 a0 Wy Hgle 0o
A Hebre (sloyes Cunyol ol Cas o 4 e Sed ey ol go
5 oo e 89y gl sve 4 Sed ol opud by e 09z
A1 0 a8 Sl jlogls (S S0Ss 4 S ayes elad Condse
639y9 Ele 29 5l oS wl pes haw (59, Ele 20 ¢ F90,35 Glal >
30 P90 Sad dy Comd Jgl Sad 1 o0 Bl ey Bl pes ales ad o
bos oo g Sl 9 (sl Sed euls 12085 0 o)l 18 oyl
oy dloz ad ;0 gl Gy oy Sl (ol oals ooy lid e
4295 b e oo ) dlioe 0 Lawgi (S50)35 Gl sladl 5l (26 &S
Dsdge S on 93 b Obyr JUI 9l @ Olr 4z 012 IS8 o
S b obml sl sl a0 RPN e s (02 (20 Sl Gl
o Wl 5Ly Sl STod 050 o A0 Canns 55 0 o (59, 5500
Olis |y jed jgam Hloy 10 0 (59, Seb 13 JSs .l 0l 00 S
Gliwly jo iz 86 90 )0 yed a5 898 0 onys JS3 ol o 080 o0
25 on L8 ad o5 s Col) Cees IS ozl @S 180y s
oy pgd Sob a5 Cewl 4B S I3 Sl 0 s AT 0ed oo 0
B g ool gg,0 olachos 5l Lu,d Sed a5 (5,9 cconl ool fadin
0y )0 9l oo Eoyd Sob yaed YL 5l ojles g o)ls dalsl s (Sio3
..\.wl: oy )|).9<L.]s_in)).: }*4‘345‘5?)5-'9 BN Cowl 00y odmline wl)m
Oyt JI5 50 000 oo daldl 355 e 4y Jladl aas 0 pgo Seb
Aol Jodo a bxol o 0,8 o) 1) Leol ol lgs oo abgr e sl SS9 YU

Second B

Damper
Shock

|

-
e

First
Damper
Shock

Fig. 11 Shocks of the blade with damper
[1] jes sl s g0 slocs g 11 s

224


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.45.6
https://mme.modares.ac.ir/article-15-9544-fa.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1395.16.10.45.6 ]

Ued 9 33N 5340

5391035 Jgan puaS S0 3 3yShoc 9 UL B9 12 e Jed 3l s 33 Jukxs

",\

Entropy
Jikg K

10.7
10.5
103
9.79828
9.1

Fig. 15 Boundary layer Velocity profile

oo aY Sep hdgn 15 S5

v ; S N 3
e N L pNR
\T\\ \\ AN
« D N n
\ NN
Y O N
LN
S\ X \\\
R X N N
R \ )
\\\‘\‘\\E'
L QRN
N

AR

Za NI N

:/\\\ N\

SO\ =21\ N 2 XN

NN ==/ N

\ s-—-/\\\\
AN S = =7\ N
\\ §5"\1§\
O iﬁ—:'é\\
LN i§"’\
AN \:—/\
N\ S =
NN i\s,
N G
b i

Fig. 16 Blade training edge vortex
oy 8 ad o al 516 S

Ol gaasin g o5l 1 yod ypao H1-2-10
g e B olagn alols )0 6y Sad a5 ol eols las 13 Ko o
Uoo 5l dms a5 08 48 YU 5 cppizman 8o ST oy LiSe gl
A 53 bior (RIBL (950l e esSae SlaplalS Jds 4« Seh g4
U olajlesim oY b Sei I3l Ldo a gyl @)l pes aS gloyy o
3 e Ol @ 4z bl S oS jobples el Rl 4 ) e
o0 (AT US55 05 sl ypes (55, S wilg 0 0y g (sl
oy g Sed Sledezr (nl i jo cwl a5 18 0y ailee jo Loy
o) e aS jebles ol aidl aslsl o)bgs jes (YL 3l g 00l Jadine
5 Ol Ol a4 e 0oldl Gl 548 JSar wed oo cvmlie JSo
5L cl ol 1, ggyml Az 0 g oad als S g RS S
s 3 o s o 3 Sl ) i o s e ol (17
5 ad 5l am sl Gl el S WS e oS o ol @Yl e 4
b 5 0 bl 50 (950 Slyeis o503 ()17 USs jo 058 00 e
el s o Wlge 55 4 okl lsges (al 5l el 0k o, ol

obas (Q)17 USs 53 a8 e gyl 58l oy b 0580 295 ialS

225

5 S5onS lagh i A b b Ssb gse Sl
oz dex 5l ol slaosss elglogd o osalin Voons (Sgoisile
Ol 51w (Kaal 5 oauzmy LS (g bl cslals 5 bz ol
Ol 985 (0 i AV L Sed zge Sl a5 1A bl e 3lis)
5 Seolognl Ghale,S rizmen dn 5558 S g Ly 5555 Gtal3l &
Ty S s 4 plr Ghlbe Gl oS o lal el sl
W50 Y Glabir ol @ a8 culosls &) @5 aY oz b s
s 680 ez s JFIS ol g 41 Sl Lawgs oud
S smdse gle s B 50 adlios 688 (kB 5 658wt
Sl bz Gl 5 e ool o wile 126 1 o Se
El s &) Sz (kS sadsl lax Jolaie I )0 widl e
1.32 oy oxdgo o a5 558 U310 0 asliso 132 6 1.2 1y xgo
Sire Y L Sod e 5 am slalols 1o 55 o sl 15 6
S U sl 15 ) e ple oS olfie ol ol e sl
[14] 05 o Sloizmy 5 S ialaz 4 ke o5 SR0 0 & (558
ool 4Bl 13 gyl (Sed jl am (eul asie o5 jblea
el a5 Canl oals ools lis 14 JSo 0 ghe aY L Sed Sl
o e g ;0 Sod aSglosl sl oad (T 51w (g0l Gl
L e ) S it (2955 0l e Cpl S )3 s B
S5l
) Tk (oo el GRIB) 98 O 5 (o5 sl 15 U
Soliwl Hlad 5 jielS Gud 4 G (Sed l am cwl eole lis
Y o oS Hlid slabol 3 oll cel sl cpl ol oo 58l
2345 0ud (5,57 Sap Sz M (6 ey )0 Sy 3900 (S50
gd o S adgs 5 ol (i 4 e Wl o sl
olas 1y (2 alais) 14 IS 0 ol ools plias sodes als 516 JSis
979 4 (SIS) S 5 AL g5 Y Staliz 51,0 als S alano e
S5l andlaS 5)ls S92 L8 ad ;0 0, sbiwly o als 3 ol el ool

D5 oo 50 Al )T 0y lawg Coos 4y Clag

Entropy
Jikg K

10.7
10.5
! 10.3

9.79828
9.1

Fig. 14 Comparison of shock and entropy contours
a5l 5 Spd 45l anlie 14 JS

! Shock wave/boundary layer interaction (SBLI)
? shock Induced Boundary Layer Separation (SIS)

10 o plais 16 053 1395 (55« )0 Splo ks


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.45.6
https://mme.modares.ac.ir/article-15-9544-fa.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1395.16.10.45.6 ]

Ued 9 33N s34

5391035 Jgan puaS S0 x 3yShoc 9 VLI I 11 e paed Hil B Juxs

0¢5 Hlake yiSlas 4y o 8 ad 5las talS cpl g 4l palS g W
Iy oyl Guals oy 5l o g9yl Jloges a5 conl Lo e 4 0 o
A5 S oS jebles o)l (Vb (995l 0 5l (295 So9me 0L~
8,08 392y lizen o 1 1ed Vb 40 g oad gyl Liul3El el e
4 e ol |y yped YU g by alae 99 50 (955l mje 18 USS
o3 ol Pl 98] (S mhe (0 0p ped Seb 392y S
Olzmes yeed 5l (LA 0L (g9l Lid mhan )3 Ll tasly (alS (0953l
liwly o Co g g Lad glalogad o aS Cuwl Judo e 4 0l jea>
@ GhS e D9 g s Ll 90 2 (6l bajloges e 51 LB oy
(20 519 sla JSi) 0,05 oo Sy Slis o] 5 dr g Alind S5 o
9 o9 Sy St (il (950 ogdle e Sl s p

Ol sl 30 (695 iy anlllas Conl 00l aslllae po JS Lid
s o by o 05 s sl ol cty oS g e )
Sl cely iy adlaie plaS 10 5 e Az e 05l astine U 0gd oo
LoOlgiss yod dwain 3 ki D90 )3 Slalllae ool b g o jLid
5200 Sl ol dvain daasls I g0l iren 5 IS e anslis
L 1y o slindy 5> syme g Sheets 19 IS5 55 oL
5y O 5l am 5 98500 &) preo e 3 s cp 1l a0 o0
S ks Gl GBI Cnl ezen )3 1) s g 0 p Wg) At

Below Damper

Entropy
Jkg &

08
0e
104
102
909856

Above Damper

Entro;
Jka f(w

108
1086
104
1102
9.09856

Fig. 18 Entropy contour at the top and bottom of the damper
2o el g Vb hade 50 ) (9550 4923l 18 S

10 o plais 16 0,53 1395 (55« )0 Splo ks

OBl eyl s S8 ad 5l ae AT 0gd o polae el ouls ools

A yed Coly o Rali8l Sl o g0l aS 008 oo cdwlive pizmen Ll g0

D, T TS =R
Fig. 17a Velocity vector on the damper surface and shock contour
above it

O @Yl )0 g y5lS 5 oo (g5, Lty Yo (W17 Sl

\\\\
\\\: NN R F— z
N N
N\ s N
N \\§\\\\\\\\\\\\\
N NN Y
NN \\\

LA,
= //////WZ/// //

-

F o 27
2

Z

~
Z- #

o g PSS
S s

=

cpse)

P

2o ) g 5o Ol bl (@ 17 5o

140 -

Without Dampar = = = With Damper
120 -

100 A

80

S D
o o
1 1

N
o
1

Entropy (J/kg K)

0

0po\ 011 0.13 15 017 019 021 023

20 1

-40 - X (m)
Fig. 17c Entropy distribution in blade spanwise direction

oy Ol Sl 50 oyl e (g 17 Ul

226


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.45.6
https://mme.modares.ac.ir/article-15-9544-fa.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1395.16.10.45.6 ]

Ued 9 33N 5340

5391035 Jgan puaS S0 3 3yShoc 9 UL B9 12 e Jed 3l s 33 Jukxs

Jbeol 3 T 55T g auls 5 0o g0 3T -3-10
U5 lals S oy 3 ad ol eols lis 16 S o o5 jsbilan
Og% Son o wldS Gl &5 Ceul 0ad atie (353 (owyn b 0pS (o
ol mes Loy o)l jeam sie il 18 el alols b e
Cas e Jloged @ azg by o0 JSB et 16 Aol b als S
bz Gl aS canl @il oS es (59, S 19 S 5 (5 55
3385 Hsbolen o)l 352y pes R ad oty 3wl S LSas g b
Js SasS Slals T pes S8 ad ety )3 3pd 00 evalin 21 IS0
Olis s (59) SIS s9zg oo WILT JSE 50 Grizmes ool @28 )S
Jiiie 530 slooy 4 g oad oz bads,S ol a5 Syp0 40 o ool
@y Jlsl apslo dglin b oS pal 1y Jlao bl Lagl s Wl s igds
3 e 9y (G0, A5 Cawl 0l astiie llio cpl j0 dxdllas 5,50 04 90
103000 25,5 JS L o oo b 5 JIKuly 107500 >g,5 J5 Lus
Wgd oo Jll Jlars JSub

slayull )3 Ghats Gl s I (A6 OASee J> sl
oz al; 5 Fy Jsb wuelies aniin wlex o glad atle o] waia
50y Sealiadgpl o Slae 5 Lozl als 1, Ll sl 5 0,8 ol
o aalyE oy ooty ] Sliiod 5 gdge il 0,8 dnlllas Jlul s

G0 § (S 5 domid -11
s oS Slyme aib ja yo jLad adg clblB olBl 6l oy o iml,
Slals,l el lp ol cl ol gkt Cad b oy 5l oolazl
Jate Ro0Ss 4y Gl o0 g | jslme oy (lroy iz oy
g a2 eblag s (Sealog T oL 2 e 556 T e 6,508
1l 00 0051 ADME iy A ) 50 sl sy gl
Sob g oy aem ad 0 Sel G s (F50)35 jgupeS 0 -
Jlasil Sl e o> Ojgo 0 a8l oo Gl oy ale jo Ko
3 0 o6 a4 Jlasl cpl 0ed oo cdnlin w0y pgd Sed o
.o)la L;‘.m; oy J.'l'j le.‘...a‘)

\

Fig. 21 Dampér training edge \)ortex
e 8 ad cuay als 521 Sl

227

o0 Os o lased 55 20 IS8 4 4z bl e o8 0n sl
03,5 lagy Laals [lad 2 alaii 5l axy 9 1 alais 51 LS a5 09d o oonlive
Olise Sbly LB 352y o8l gud 5 Al oyl Lyl ST aSayl L e
15 eadly Lyl ol il i oy Sy b olagl a8 cusls i
Shedl Sg (e 0 5 4l by 5l 86 jled Cdl iola Suo5
O dold S oy gl Cend o) 052y Sei i g 4l oL >
oo 0 s o good g by el atily ilpl Jed2 51 Ll
o Eds g cunl ad 3 1817027 ahais g0 o 4T ded e Hlid Sllug
i (s ) il 2lS SUSL s 4 Lid woylo 5 yees 45 JlSe
58 sl cov 0 byb )0 1) eed At Cwbks il 10 lsgas
10 sg0m yoo 5l Sbie amU [4] 35l Jawss oo alonil axlllas ;o 005 o
ORI Bk 5l e (3 g peeS 5959, (ol adloy aSiul 4 4z L
Ded 033k Jrels cel jes a5 s HUanl fleh o el Jiaie (655
ad Sty 50 e 595 Oz (98l s Wb AT A5 bles (iren
003k zals g cdl iol38l ossay cpl el oolo Lal33l 1, T oYL 4 18
S on 93 o3l Eadge (nl v (ouyp Slp WS i )
atly ials a0 b goy 005l ¢ cim i Bab el odel ey oo

o

50 - Without Damper = = = With Damper

X (m)

0.p7
-50 A

-100 1

-150 1

Axial Velocity (m/s)

-200 A

-250 -
Fig. 19 Axial velocity distribution in the blade spanwise direction

oy t_gL‘;.,)') BERTST - w)wlgds.&

160000

Without Damper ====- With Damper
150000 2

140000

130000 -

[

]

o

o

o

o
1

110000 -

Total Pressure (Pa)

100000

90000

0.08 H%é' 0.12 O.Jjél(m)o.lG 0.18 .PI& 0.22

Fig. 20 Total pressure distribution in the blade spanwise direction
o ol sl 0 JS L2820 S

10 o plais 16 053 1395 (55« )0 Splo ks


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.45.6
https://mme.modares.ac.ir/article-15-9544-fa.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1395.16.10.45.6 ]

Ubled 9 )3 I 5340

390935 g paS S0 py ) Slec 9 Yl 9Kl H2 e paed il GdIe Julxs

dloos 35 0 opl e 31 Goyb ol 51l 0als plol oyoe Can

&&lw-13
[1] W. A. Benser, E. E. Bailey, T. F. Gelder, Holographic studies of shock
waves within transonic fan rotors, ASME. Journal of Power and Energy,Vol.
97, No. 1, pp. 75-83, 1975.
[2] G. M. Esgar, D. M. Sandercock, Some observed effects of part- span
dampers on rotating blade row performance near design point, NASA TM X-
2696, Vol. 501, No. 24, pp. 28, 1973.

[3] Y.Wu,J. Moine, J.J. Marra, Y. Ting Wu, C. K. Funk, P. F. Hsu, R. Zhou, C.

S. Subramanian, C. X. Campbell, Design optimization of Turbomachinery
Components with Independent FEA and CFD tools in an optimization
software environment - a mid-span shroud ring study case, Energy Systems
Analysis, Vol. 4, No. IMECE2011-62083, pp. 8, 2011.

[4] W. B. Roberts, A Design Point Correlation for Losses due to Part-Span
Dampers on Transonic Rotors, Journal of Engineering for Power, Vol. 101,
No. 3, pp.7,1979.

[5] J. Liu, H. Mistry, M. Santhanakrishnan, A. Stein, S. Dey, J. Slepski.
Aerodynamic performance assessment of part-span connector of last stage
bucket of low pressure steam turbine, Proceedings of the ASME 2011 Power
Conference, Vol. 1, No. 55265, pp. 545-550;6 pages July, 2011.

[6] J. D. Denton, The 1993 IGTI scholar lecture: Loss mechanisms in
turbomachines, ASME. Journal of Turbomachine. Vol. 115, No. 4, pp. 621-
656, 1993.

[7]1 S. M. Sajjadi, M. R. Aligoodarz, H. Karrabi, Effect of rotor blade twist on
axial transonic compressor performance, Modares Mechanical Engineering,
Vol. 13, No. 11, pp. 154-160, 2014. (in Persian _...,8).

[8] S. Fallah, B. Ghadiri Dehkordi, G. Heidarinejad, Numerical investigation of
turbulence characteristics of flow in fixed and oscillating transonic fan
cascade,Modares Mechanical Engineering, Vol. 14, No. 16, pp. 231-242,
2014. (in Persian .,l3).

[9] T. Houghton, I. Day, Enhancing the Stability of Subsonic Compressors
Using Casing Grooves, ASME Journal of Turbomachinery, Vol. 133, No. 2,
pp. 11, 2011.

[10] H. Khaleghi, M. Boroomand, A. Tousi, J. Teixeira, Stall inception in a
transonic axial fan, Journal of Power and Energy, Vol. 222, No. 2, pp. 199-
208, 2008.

[11] L. Hilgenfeld, L. Fottner, Experimental investigation of turbulence structures
in a highly loaded transonic compressor cascade with shock/laminar
boundary layer interactions,The 5th Symposium on Engineering Turbulence
Modelling and Measurements, Mallorca, Spain, 2002.

[12] F. R. Menter, Two-equation eddy-viscosity turbulence models for
engineering applications, AIAA Journal, Vol. 32, No. 8, 1994.

[13] R. S. Simonyi, R. J. Roelke, R. G. Stabe, B. C. Nowlin, D. DiCicco;
Aerodynamic Evaluation of Two Compact Radial Inflow Turbine Rotors,
NASA Lewis Research Center,Vol. 505, No. 10, pp. 76, 1995.

[14] T. Setoguchi, Shock Induced Boundary Layer Separation, 8th International
Symposium on Experimental and Computational Aerothermodynamics of
Internal Flows, Lyon, France, July-2007.

10 oslesis 16 0,95 1395 (53 (Hurde Suille it

e Wl 2508 4 arg bogjpe Y b Sed Bl -
oA A e Grimes o9l S oy g Ol Gl
D9 o8 03 S Saens 43 (29,5

Loy 93 52 ln e 5 3 ooy 5 L8 (095l @i 581 -

20l e G ol 0 adlioe Alde ped e g s

sax bam ol Gl Jy anilpe iy oad 53 sla el

o0 31508 g o)ls aalsl s (69, Ul cpl iaiiS oo il s

Bgdise @S> yed (g 0 W) les o)l

Slons 9o babiee gl op (59, 9 s Jl3 ad yo (09l

op L% ad jlaw joaS 5ok adly fals (gl op I8 el

@ on e gl yed pj 0 Swl Al palS (LS o9l

3 s a0 jLed mhaw jes (VL j3 g0 Seb Hea> o

el s Sl B (ool IRl s (o9l ses

2edisn ol 3lam g oy sbly )0 ey 5 Jlid alS

033k alS b 1y gy, (Sealugnl QLS 5 pes oles b -
3 RS Ogdop & S e SIS op b g, Sl
i txio gl )5 4o 45 wbl e i 0.5% Lyl i
rabolizl ) pes dwsin giluange 5wl lli>de B
IS e

Sy oS 6T % ad jo g o bl 53 e 9y o -
S &5 Sl g ol 4 g il 2555 0y albe o a5 o)l
b so 2ol T &8 09, o0

3529 yod (§ e sl Sy dgu> b Clajl als 5 s b g0y jo -
o3 LR Sty p0 s L0gd ed SIS w1 (g 0l
wblge ol 51 BB 45 05 o0 5B

UK o]ty 0 lale ) oyl Jlatol sed Sszg g 4o -
Awdid WS m el 1) Hles Jliwl gg,8 Wl o s S cpl 0
D)l ls S adsi 3 1) (e (L A e

SNaT g pudi =12
oLisls gyl sloosls ijloy 35y dlie (p) slagilwand i

228


https://dorl.net/dor/20.1001.1.10275940.1395.16.10.45.6
https://mme.modares.ac.ir/article-15-9544-fa.html
http://www.tcpdf.org

