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ARTICLE INFORMATION ABSTRACT

Original Research Paper The flow induced vibration in transonic turbomachines is an important and challenging issue in this
Received 17 January 2017 field. Blades aeroelastic behavior, in addition to the aeroelastic instability, can lead to blade failure,
Accepted 03 February 2017 flow instability and reduce efficiency of the system. Aerodynamic behavior of the system should be

Available Online 01 March 2017 investigated prior to aeroelastic study. The purpose of this article is an investigation of aeroelastic

Keywords: instability and behavior of a selected turbomachine. For this purpose, transonic flow in Nasa 37 rotor is

Aeroelastic instability simulated and verified using CFX software. Then, rotor blade aeroelastic stability is investigated in

Transonic turbomachine three operating points: design, near stall and stall using blade forced vibration in the specified inter

Turmomachinery aeroelasticity blade phase angle (IBPA). In order to reduce grid points and consequently, computational time, phase-
lagged boundary condition and fourier transformation method is used. Also, in this research, the
algorithm of simultaneous structure-fluid grid generation and the solution algorithm of force vibration
structure-fluid interaction of turbomachines is codified and introduced in detail. Employment of fourier
transformation method in CFX software for aeroelastic simulation is another innovation of this article.
The value of the critical inter blade phase angle which is independent from rotor operational conditions,
is obtained in the present research. Aeroelastic simulations show aeroelastic instability of Nasa 37 rotor
in the stall condition. In this condition, flow entropy is increased rapidly relative to the design and near
stall condition. The blade pressure side has a more important role in stall aeroelastic instability and
needs further attention in re-design phase.

03905 ;0 oig; (swoy wad Slal )l b jgu S Jud ol Giolag ) Yl A Slied g oS 05sb e ol sle e 3yl Coenl
&8ly 50 wlales,l opl &5 b ateie lbow ab saslie Ll go,Slee Ol a4 e UMW 0,5 aneS g S Syl oleddl,

Please cite this article using: s lod odliw! 13 & jbe 5l Ao cpl @ glayl (61
S. Fallah, B. Ghadiri, Gh. Heidarinejad, Numerical study of aeroelastic instability behavior of Nasa 37 transonic compressor rotor blades, Modares Mechanical Engineering, Vol.
17, No. 3, pp. 123-134, 2017 (in Persian)


mailto:ghadirib@modares.ac.ir
mailto:ghadirib@modares.ac.ir
https://dorl.net/dor/20.1001.1.10275940.1396.17.3.53.7
https://mme.modares.ac.ir/article-15-11305-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.10275940.1396.17.3.53.7 ]

ublen 9 WS mlo

37 Ll (5391035 g pa0S )95, S0 p3 Suiwulg 3T (5 133LL HLid ) g3 c Aalloe

sl 0351 5 ol ool KRR i ol 5 ool

oS wilgs M dogrilogyygi )0 SVl nl )bl G pge o
bl g Bl alizee gl )3 e ontlag,o8 (6, alall 5 by 5 4 A
2l Sss Waeiless s SeaWlsnl 8, oy sln S B 5
2 skl Slalasl Jloel b w05 o onnals Tond J5uS 5306 o gl oo,
op SLbl bz )3, daoy 4 patie o (o S asly b g (atine S50
e ol 9dee gl (Sealusgnl e 5 oad iloans
oy lnl sgam cammsplis wop o U agly o 50 (Seelig
GLL Sl e e 5 gl Sl cete e anil
oS8 0 (o B gy Bl o0 ey Cnl 5l ool L el SVl
Seabas JL8) Gl oo gy cnl b oges gl Fel 1) 65kl oge 5 (b
5 Jhew Ol L8, e 5 0503 oy 1y )b E585 al 50 0 o5le
oibe @lmlr (b9, (nl 5o aiten pdsosalie St¥lgnl )k 390>
9 03k L San 475 0 9 998 00 3)ly Jlow K> @ (rmb 090 50
il o S ind SaysS L 5 8, 55 51 Lo

505 3y 5l ey 0gd o0 0l [10] ;°‘}T S a5 pes (g, 50
o8 g 990 53 o lal adgl byb plee a4 by gileand mls
o3l o wlsepe Golas )l 4 )l &g (Sl S S5 0 Sine
Jerosle iSen o8l L Billas 3580 0303 o3l 0y 4 (S
bbb )l esmsglas op ojle (Glug )8, WS Gleg
L Jlw 5 ojle Seslos 13, Gl oo b9, cnl b woge walss SVl
D50 gy 5L wn i

il 5l g cetlostys 0 SemVlg T ol el ol
9 990 oS B ) lbL g9y (Sl sl Ry b b laml (Salipsg o
) orblagsygs 59,5k BlE 51 (o 5 ol S on o 3B sl
o9y 3l edel ey Iyl pl jo 1) o5l (6 lubl JL8 ) s g0 Latie
20,5 asllas pgo g, 5l eslatwl b«

@)l bop saman Joo b gomgd 0SS Glp By 50 2
2 Skl Sigale Slaba)l 1 gy b [11] (Sen 5 e85 il s
M R (2B Spga (SpeydS (B samgd WSS 3 0y Sy
e ool ol 51 ooliztul b LT 0,8 gl il |y ooy o> (sl
S )IbL dgu> oniaslis &S 1y 0 (S5 JSem 2 50 (Sslisg nl SIS
W25 ,5 s Cnnl

Ol Wlhoges glznl 1y (65lbb sgaa (lgion 508 pgo 9y gl )l
PR L 12] s 5 iz wibie poles 5 anien e i)
1 oles ol el sl gl <¥olan Jor 5l ooliad 5 ojle a3,
Sl g andlas | ojle slasge oo GiiSon p Guizs (pl o Ll .aiols Lzals
Oeilegnygi slaoy Seilgpl (bl 390 ojle (b S 2
3,5 sy |y S5e,38

5 oge losl oy s 53l 5 5l ooliiwl b [2] (590 s dagh ,o
05 Sy 3l oolil b s 5 00,5 gl |y ojle oxbs (sl uilS )5
1, 67 Lk 555, o3l “—i@“Y|3):’.~| s, ‘u"9-ﬂ€T IR e L S (Sl
Soasl Jao 5l anlllas cnl po ool 03,5 anlllas o905 sl (B9, 99 2 L
o o ool SISl g SIS

111 il oo 58 51 cols g4 0 boga e

)9.,..:)“4.5 le.&bo).: &S.H.M:YB).J dLQ)L._‘B) oy )9;9.4 s_i> Q)XLA.C e
oy Sta¥lg T slaosssy anil oo game aals il b g
4y e AL gt o (KoKl g W S (K el Lagyl gy
3 Ol S99 et Gk jledin ez 2 038 P IS
il Hlaly ausles s Wsd oo Sl 4y e a5 Slabesl s S e
G Crr SiiSod s by 635 olyz Bl 5 236 s b Lol ) e
sl S5 05 Bl o 45 53 e il bl L5 ooy
ol 50 Wb wjle degome Sealins g Hlesly Kooy iiSen n o 4
1] 058 lapeilog 55 aisge Sea¥ly 1T (b & (Slojs x5 (b

o 5,5 oo ol QT 5l baetlags g8 StV nT Jilae (Samn
aslsad o larsly Sondse 5 o1 Gz le> 5l ol e Jlew Ol
2] s )l (S 5 0 s 5 it pos (U5 CartBpe @

RESOENPCHCIV AN JCH I SN SV
s lojls 5 (Sealiognl SilysS pslme slooy o @ly o 285
WS e a5 1y Slag sl asgeme S Jlose L8, o5 il
il 50 Sl 5 e 2B aoy Gm B aly cnlnle
[3] wsS' o il pitlogs o5

56w sy & bordlegyg SxVlnl glbosssy o)y
Sl @ 3ls g b yedlogs o (09 g Cudle Judoas Lol el 58, ISl
aS Cewgy LJ"‘ )| el Aoy g CSew )Lo.w.t L}“f) U"l ‘6)50)‘.)4‘ uab
Wty 1T Logaee 5 Siolusgpl ae) o Slidss 251 5,5y,
Slacws )3 (025 slaghy; 5l g Wil o9e 3,0y, dandlen )y
T4] 55 0 ool (s00e gl (5,138 amo sl Lo g 0olus

S edlogyg slooy 3l (5)9me ($92)35 (br Sz 4 a2 b
b o otiy ol 2 oSl S¥olas b o (Sass ) 50
w25) ol 02 S Vlsnl Gloosssy oy 2 Slios oy odizmy awiie
ol 55 sielie Copanl |

Gl SLighe Lordlogs Spolipognl gilwand 5 aalllas
ooliiwl Vgl (oiloand adgl bos lgicas 5 ol Sew¥lg ol
D s

58kee 4z [5] o)Sen 5 Sid «Ssliyogpl Jlid; ) 5k
O oy 80,5 hes andi b og 00yg] Cowds g3as g, @ 1, 37 g4,
.J.S‘ao; Ao o

anlllas 4 (WSOICl w8l a5 SS @ G SO yo [6] o)
sl @ 5 L Gl jo g gy SYolae SaS 4 37 555,

Pl 37 55, 595 Ll el 55 [7] e 5 5505 e
37 55y o lob 6o sl el S (ST oo oS 4y T wilosls
.A}‘oo)j—‘ Cawd & ‘)

G35 ilwands sl 1) pom adpe hgy SO [B] e g S
21 oazen Gbym a5 Wlesls Lis g Wlosls aswgs Lol g5, 0 b=
el gilwands BB (6 1S Al JBs j0 g, ol 5 eoliisl b o5,

Ll 55, (soae (giluands 5l oolizual b [9] s pule 5,500 gl o
5o Siasl Jae ol 03,5 i liel 1, Smgh o8 soue o5 37

* Controlled Flutter
® Weakly Coupled
® Free Flutter

3 oolais 17 0995 1396 s 3 (e Suille Swise

! Limit Cycle Oscillation
? Inter Blade Phase Angle(IBPA)
® Glenn-HT

124


https://dorl.net/dor/20.1001.1.10275940.1396.17.3.53.7
https://mme.modares.ac.ir/article-15-11305-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.10275940.1396.17.3.53.7 ]

ublen 9 WS mlo

37 Ll (5391035 g pa0S )95, S0 p3 Suiwulg 3T (5 133LL HLid ) g3 c Aalloe

37 Lk )55, op b ladasio ail 0¥ 550,08 5y Ol
FOW PRV | 1) [PPRURN

oolaiwl 8590 Lauslgy 9 by Y olro -2-2
5 o g5l (o Seiab sl cVolee @lie (nl lasjluans
o b e oo > Jlw Glawe sl Jlgs Slaie jo  Siasl
el o Sl Sxasl iledoe sl -5 oh ol Kab S Jow (4]

Sealiys Vol s y9e 090 55 0 la S gl sl
5 Jw olyr cVolee wload Jo Geendl ey e 3 ojle
S8 et cole) 6l g aisb e 35390 [17] apo 40 05l Ssline
Sy e bl saze

op SVl pl (65lbl dgu ot ol Bas ol paghy 50
O e el wdlioe Lape slvonsny Sde (5 37 Wb g5,
o alwl LIS glod b Seoliyng ] alpme «Sita¥lg T (sl suiss
e &ly o adlbioo 0p Bl S Sy 03 (s 59, 2 op Lawg
Bowdbe 0ad ame (Swaludgpl 5 ples (Sealuog
Olog IS S5 50 5 0 o (53, 2 LS (65 SR 51 (Senlang

.\Jsa Cawdy 049

t0+T
Wero = f f pT.AdAdt 1)
to A
2T
T =—
w

(oo Glugly (ilS B @ lwg S SO loy (T cdlady cpl jo
0y Sy T co gl A (Ssliwl [Lid P logs 9,5 adgl b et
oo 5l abais o 0 0y g Sgee a5 Yoy Ml g g kel Slales |l sl
Lol Jg5 a5 500 g9 51 (1) alaly axly ol 0
oS pols dlie 0 09d a5l ez Gl GeS g
oads bl gluam o lp col 6550 9oy sl)ls a5 1[kg m? s72]
055 )t (Seolnosnl s 5 15 ot (smsiims alal, b Cad

o5 slaasd ol gy ol 5l edel Cansy (Sealudg T (olywe
Olfe b e gl Glp il on Gles JSe
o S slaws o 1) 4z g ools plosl S diz jo 1, Sl 6,5 J1,50)
oAt 3o 5l e Seelindg T ol we polie asslis (18] sges s
e ookl (S s plises g 055 Sl oy pleg S
3,0 g pien o1, lawgie

e 33 B 0y gl (s, 2 SR D) ala o el
o gl 5l Ak e (Seelnogpl I e b (e (Sealiysg
5 ol Sl jis &5 1) g g e aatin cpl 5wl e Ceway
Sged Cogli daoy (kb Al e )3 g (plulid Wedi oo (s INLL

Oled s g Gloj el «5)p0 bl po -3-2
3 SSbl jLed g 6999 53 U5 JLad g Led (650 Lyd e Jlew Olos 510
0dd (B8 05 s o)lps ey mhaw el oad a8 )5 Sl 2y
9955 Obyr (Sad] Gad .l eal b o o)l > Jlasl @il
JUIS g0 ol gllad Sy lonlme o 2l (elyy il 0 0,15 5%
Ao oy JUI dcgere (ol ol » Sudppn 50 b Lon

® Transonic Axial Flow Compressor

125

on ez Slosle anje el ly G [13] GKen 5 uiiw S
8, gl reggy o wlaid S i |y en e Jsl sanb 950 5 s
B8 9y 90 o 3l eolitel b (550035 j5aS slaoy Se¥ly ]
Gebod (nl o et e RoaSe b hs) 50 @l 5 ead (o
o olitil Loy S S2aT Jao 5l 5 0nd U S5tk 156 <¥olas
o

pae A1 ol (Siinl Jao 65050 b 5 [14] Sy 5 56
0392 o (aal, Ko Siuhg®) Jgl gy b 1y M sgus g5, e
Gl @l osguome Ml sl lalSaly g 03,5 (guyn (WS
ilosls

S g 0 G 5B rgly & S Sga> et sl 5Ls 9590 0 Sl
9 a2y 90 oy G 5B asly (058 L e ojls (St 58, S sloy
op 99 47,5 180 0 o 5B sl slr g on 4 ), U (sl 00 36 Slass
e p3Y (65l 9ga (ped g Sia¥ly T SIS (glad pslaiey
oy axs i 14 5 11 arle IS alaz 5l a0 ool (gla S 4o
Dgdior 4500 595, JS o Slaai g0y o SB Al abewsn | 55 0590

Dl o Tangs s W gy xS Ll dlie
Ll 5o 55, ol Sy pl lastine 37 Ll 55, 59, 2 SISl o
onBJ S B g9 5l gy ol gdiss (omyn Jlel Seo3 g (b )
O B sblyy (ooled sl i Lo )57 55 eolaial 3550 (B9, S 1
Saddy Olasloee a3 oy (0 abb g0 0 JUIS 90 Lois wiejls o
Ol Gmio Glasiluand jo iy onl 5l esliul Coli g aidly als
53 esliinl 5 Sla 5 )90 590 50 0 Sla Sl gl jsliies b o0
35 ol Jloge 3 Sl silatent 3 oSl Sl Sl 53559
e 0t o8lital a3l 5 Lasoo

Slidoy 251 witee poley SewVlgpl gla s aSsls!
aiols Joe ol ol 0l plomil b IS Sas] Jow (0,8 b (i
S Sl 25 A 3 5 03 e 558 g b A5
ooy 0 bowgyy 3le T 5 Slawloee cds il jelaies il oo
sl 00l oolatul . Sl ol Kek S Joo 5l il gty 40 co)lgnd

Ol Gilwand 0ad S5 gy b Sy T (g5lwand Sl
bl el o enlply [15] wsl o aclas ds L LL
Sl o @b 5l g end (siluancd Ll &g 37 Lub 555, 10 (Sg0,d8
3 e Jlad 55 o525 8,515 Al 5,5 L o i, ol s
D¢ o oolitu] Sta¥ly T (o 5luacts adgl b i

Sl ddgi e Ghgy b Gl Glp Wi Gl o rizes
5 o9 Sygar SeVlgnl Pl o 50 Sl 5 03k sl (Floslne
el 0 125 Al e 4y Al o

E34e (199 § (SN2 S -2

)’3’) (3 dwdod —1-2

bz lajgmaeS slacus o end aFlid ojlge 5l (o 37 Lub g5,
g ond (b Tl g Slidos S50 alag & o5 wibe 690
bogwyeeS loon )3 odazmn (o aw oSy ol Sl Sk

! Mistuning

? Fourier Transformation method
® Double Precesion

* Nasa Lewis Research Center

3 ooladds 17 0993 1396 s ,a (e Suilke wdiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.3.53.7
https://mme.modares.ac.ir/article-15-11305-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.10275940.1396.17.3.53.7 ]

ublen 9 WS mlo

37 Ll (5391035 g pa0S )95, S0 p3 Suiwulg 3T (5 133LL HLid ) g3 c Aalloe

ool oy (e S sl o srerlo IS8 S 5o Bl 0T o pslne
Ely 0 (o o oo (58 L) wdloe )55, U5 ALl 95l oS
oy S 030 UK J1BI" S i 290 58 slise 2 0 e 6 el ]
2 Sy mon 5y aiiledy 55, slmey §) Laie dbi Ky ol
@) bl sboe 2 on O 5B agly 9S00 03 9, (ame sl

bl oo oy slass plpy B35 00 0 5 gl

21
IBPA=——ND
BL
ND =0,..Ng, — 1 @

ol e 650 e &5 Wil (slo,S ké ND abal, cnl o
Jel5 ok [23] a0 yo 5wl co ibes )l a1 ,8 50 Wao s oy 56 OS]
ooy &,3;:..45/15),{] GINLL a8l ol 00l 00ls syl QT o5l
Ak wgd 1S5 0n o 5B bl (oled b lagsiluancd S 3V )55,
S el i Ll ye gylbl Jleasl o logy o 51 (sbily; L]
0l S 3 Al Glea b 4l l ol o

4599 Jas gy 50 53l 3B 6550 byl -5-2
&S 05 o )3 L QLLL (oyme 13 Slop o daprdleg e 5o
Ol Silwdd lp abboo Ll plogs anlp )0 ooy (o 5B LS
Slosliial b Sovg2p Lyd Loy JU Sy 5l Vgone Lo retilogsyo5 595, 5o
Sly ogbioe oslitul o JU (ol> golaw By 90 10 Sudgrp byd
s Dbl ol Wb oy Sllugs jpa> 0 (bl ez 9p)l8
oy e 3 gly 4 i JUIS olawd ol Sjganl 5ol p0 ail Soog
Wb oo sl Sl gl Soog byl a5 098 Ol gemuay
Sl 4z gaclar il 4 oie o UL olows iol58l asllo]
by ol o pilbolin] 6220 56 (50 byd jleslial g o
op)lS csley py yo Sl b @l [24] o bwgs b sl oS
ox om B blyy (sl sl 1y on JU g0 b S0 Sodmn byt
abl) Gllae Sodg0 by 1 UKo @ az g b g cnl 50 0jlugo ymne
il e (3)
f(®) = f(t—AT) @)

sl se Hlug Jlb 10 0y 90 o Sley 38 IS AT alayl) ol jo
e Sy () aba 5l

IBPA

AT = —— (4)
W

Al e 0y Gy 3B agly IBPA g laoy lugs slaygly uils )3 oS

P S slabys Sl 5e,a 50035 4 5ls g, onl (el S5t

S oo 0l ) Slasle an e oS cl (Sloj o5 5 50 Suog  pokaw
G 2378 05 L GuSuIBl g Hl38le 55 0 A, IS 4,58 oS b,
Sl a5 50 458 calrd Sogan | Bl leaasis (glalad 4 )58
Sles pl5 50 5 08,5 0,38 (2 S ;52 550) 0y JUI g0 (Gl 50 0
bwgi o5 Sgar g, Gl S o bk Sadsin sloe 59, 2 o

? Traveling Wave Mode(TWM)
® Nodal Diameter
* Phase-lagged boundary condition

3 oolais 17 0995 1396 s 3 (e Suille Swise

Tae Ghg) Bk Jsl dae 95, oy J5 olaws aziliy ol oud 43,5
Golo Seogp byb jganl 0 a5 Lz bl el @o)l5 dlie cnl )
Gibdae 558, S Lg sl eslinad oy S5l ki b Sl cnl o il e
e g, 5 eolical 55 ©jgans) 1o 0l Cusys Sy byd b oyl
95 3l b 5 S el illoe 0y JUIS g0 wiesls oS a5
2,5 ooliul oas o a5 [19] gz jo yo a5 e

5L 35 0y JUIS slasd et a8 anoie 45 0l 5 i 45 jskailen
o5t et 3 sl 5 )58y o S5 Sl I ol SVl T (s3loans (sl
Loy o 5B llsy (solod jo 0y dUS g0 Jow 5l colaxul (sl ool
3 Sbumal (Jaw ol zshw poad Jleel Suog 5 b Sl eslail
@At e 30 o 50 0)lge cpl allioe LS 550 Llpd 5 Sl

Slate ;o wola & Jlasl Joe )3 0 0jlu cojle (5550 Ll 10
sl Sl 53,8 o)ly jelires el oads coli (Glo 4 Cod) g
4,8 #b Ohgs e b Jolae (Glgs e 55 5 3 50 5l 25
285 o o O JS8) Cnl oud 8y ol S lame ;3 0 o5l JS
sl 51 ol el Juds 4 [20] sl o ' Szl e 9Yg8 5137 Ll
slooy cobo ;o 0¥58 (nl jliosd A JSS 5 plioctul 5 (i)
shcalonds S5 1 Jgaz 0 oole (pl (So3d (olos 09 oo oolaiul gl
b aglio 55 (lojls o 5 glools aalyme Joli) 0y (sl e aSelon]
Ao o5l alie ol o [21] silo SosS (Sealiognl 2l
S Wl akblne 1) Salisg ] 55l s> (23 ool 09 s
Sgage a5 00t O3S ()l Lulpd o (e 9929 D)0 ;0 9 WIS (o
RV Fpg

a5 ol oads aduiie « SIS O Sladod jo Sl g 4SS
(ol nl 68 5l s olalas | ga S0 5 33 el 3 (593 58
Sealinzg T 6,05 L 5 eolitl a5 e ol & 3] wpd e b
w0l Jloge b Sliwl (g5lwancds ;0 0y bl (g3loas 5l eal canny
il 28 ad ey oml uilS 3 5 250 S (65l 5 0055 p3Y
ojle Swlins (gilwand jo (Seeluog pl (6,105 L @l il 5l i cpl jo
R

oo g o (o8 5 86 slas oS ol oas olsl [22] )5 s
2 iles JeS B giluand @S )0 (g, Sewd 8,5 )
Gl lubl 5 olols)l » ol Salys J1 51 alie opl jo s
o aziliz Ssde 2R o ole g ad Jldio oy Syl
ol 0 99 m Jlw 5l (A6 Sk S SIS odle g 5 e
2wl b 0 ole Seslips 5l beoyy blesl s,

oy o 3 gl —4-2
S8y 50 oot GEB 0 w56 Al wad Ly Aeddie 5 oS jshiles

BT Lk oy iz) izl lo 0¥5h SilSe a1 Jgu

Table 1 Mechanical properties of Maraging steel (Nasa37 Blade
material)
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! Maraging
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