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Unsteady Flow Fields in a Rotor Blade Passage
by Wake Passing

Youn J. Kim, Y.-R Jeon~

Key Words: Unsteadiness ( H]°8-4%5), Rotor Blade Passage (3] A'S), Wake Model (7= g), Wake/Roter Interaction
(F7 379 4538, MacCormack Scheme (MacCormack 7]%), Pitch ratio (/X]8]) Velocity Defect
Vector (<52 gHE)

ABSTRACT

The characteristic of unsteady flowfields on gas turbine, particularly on a rotor blade surface has been
numerically investigated. The unsteady flow in a rotor blade passage as a result of wake/blade interaction is
modeled by the inviscid flow approach, and solved by Euler equations using a time accurate marching
scheme. Unsteady flow in the blade passage is induced by periodically moving a wake model across the
passage inlet. The wake model used in this study is the Gaussian wake model in which the wake flow is
assumed to be parallel with uniform static pressure and uniform relative total enthalpy. Numerical results
show that for the case of Ps/Pr=1.5, the velocity and pressure distribution on the blade surfaces have much
more complex profiles than for the case of Ps/Pr=1.0.

1.M E ol 7t AzAE dF ATE B2 ATAE
SJaje] sase] %ok ?™ £, Dring 7€ AHY
Bl oE Weld BAshE fFolt @dg @y REY BASE a4 Fh sl Ade
o o} BAE AL 72t glow $Eo ugd SR we SAe xR AAZel FFRE RS
(unsteadiness) & U3 33kg "ed = yg  2F HHE AWZHAE TSI EF A4 H
Aok oleld MANNS SuAs= go = mee ¢ ATEE Hodson”0l Denton” 71¥& 712z @
S 3}(wake passing)E TH2 2 o} AwiHelg & = FIAHMUS, Giles ¥= N9 %A A7) (multigrid
o} @ scheme) & 7”‘ ol g3t 3HY AdoAe 24
FRE AR 22¥E P PR gudes IR FES A4RAG.
ARE 2WIADE Yo HVAL 2= BYol= go)  FR WS #5E SHcl= 28 (stator) 3}
A% 2 43¢ FAT 5 gk olge Fash go  ARAY AAAGownrelE FATF AfHo2 22
£ 54 gzt A gl F4H7 wEdl
x A4, ARt 7 AT F7149 £84E g £ ik olHE #8339
w AT AU SR g 74T F7148 BYols WY 248 R 37|93 54

16 SHIIHML:R2H, 45, PP.16-23, 1999(=2F 2 X}:1999.3.22)



of & AL WAE Aoz v dy UHA 9
00w A%d £ BA4L 2 Bool=g 4/
7] fEAME F71EA wAd FE5ol diE olelrt
g5Felg & 4 glth

wElA], £ dATe M= SSME (Space Shuttle Main
Engine) EB¥19] 3|A9S ndZ 3o 13} 34
219 JULFo2RE op)HE HAFYL LEe
89 Jhed Ul ERIF fEFe mAE dEgS
Gaussian ¥7F 2497 F3AEHE ol 43 Hi T2
a3Ee St aFge=y, dF Bl a8 9
oo gHg 2 AAZF I gz dirEde
Hgo] wrle] Hazl ) 53,

= 2493 oY e Yo R FdsA

7] W&o i) HAule] eJdte] opy)EE v
S HNE F Y= AN T2 P |wEsd o 2
Ho| it

2. O|=% i

2.1 XHHEtR Al

2249, B34, WEA, 45 759 Buler WHN S
AnATANA U 2L BEFoE Yepd & o
3D, 0E |, 0F _
Tt Ty =0 o))
o0 oU oV
D= |°Ul E= oUP+ P | oUV
oVl oUvV I’ oVi+P
e (e+PU. (e+ PV
2)
F AdA, o HWE, v 8 AFT AAAY
A, 2ele U vE 27 xsh y3PY SRR
£ vERdth
VA RN cERY gHe T Aoz
ek 4 gk,

P=(y—1)[e—-%p(U2+ V%) %)

o714 7 & 8@ (specific heat ratio)s YeERdTH
B AFelAe A3M P v Euler W4

SHIOANL R2A. Mz, 1999

Ha RS0l BE 17
LY 2 vy Aste] 7¥e MacCormack®) oF
8 3 (explicit method), Z, ASA/EAA 71HS o] &
o & FIEed, dFAy BAR dAe At
A B 7 Fakn AgAERE AHES AT
2.2 AAxA
2.2.1 2 EHO| HMHEAH
HEs #Eshe 2% ZYH27 7] died #Hd
o 7 wakel &r AES EAE 4 9lx, 2l 59
Ao £zA48E 2% HPHELE pyol 74
AES AAsHE, A (D& ot 2ol ¥H
of A48% 4 9tk
3D o E’ , oV
Syt TF ay,—o (4)
o olU o
D =|oU|, E =|plf+P|, FF =| poU
e (e+ PU (e+P)
(5
2290 =JM XA
A FHd e vAd f-Fe] e FUH A
AZAL 773 (spatiahZ AN 7H3(temporal) F7I=
TEE o FA F Ay 1A F
U3 Yxg 7pd o el Frloj gfAoR
Ve 4 gich

Fx, v, )= Fx, y+ P,, 1)

e, 3As uAe] wAst
ArA A (phase lagged) AAZAE A&
o] vetd itk

i
e

ol

o 2
o

ML o

R}

].

F(x,y, )= Flx,y+ P, t— 4D @)

AN, dt= (P~P)/V, |1
2+ 340)% H3%9 IS

Psq' Pr% Z}
YEhiE, v, 2 3 A

7}
Fro|tt
2.2.3 MRS & &7 FAZH

AR ERE FolNe FFATAN AALH P,

17



e - HEed

U, = Vel cos(a;) ®
V;= Vel sin(a;) )
2 1
Vel 177
P,= Po[l” ZCiT ] (10)
2 1
P, Vel 17
o= w120 (v

o714 FAdFolA9 Riemann 4RI ¥4 #
TEPALERE Y ATFEE(Vel)= U 2o}

Ri=Vul + 4 - ~E7cC, (12)

-1
Veli - R,‘ +
s 13)
4C —1
) _2 v 3
\/ 7—1 F+D ¥

o7|A, C,=V yRT, 2 #9dr}
olSES Zhe FE 27HAAE olASET Mach &
25E FY(static pressure)o] FojRA HH 1mx)

HEL UFHORRE 9il(extrapolation)dl] 3}
T& F vk FFETNA 9 Riemann 459 F5
F74e A2 R, % @ W, 29 FEoldE 7
AoERE ZTHIAANY 5 BAXE o HES
o] &3t 72 & it
1
b7
Pe pi(?;) 14)
_ 2 1
Vel,= R, p— o (15)
U,= Vel, cos(ea,) (16)
18

V,= Vel,sin(a,) an

2.2.4 HEANRE & &7 A=A
1A w2 slol= FH (trailing edge)ol 23t
o AEE FRE AAY Fd. vPs
Atk Giles®& HAA £59 9 2L 3]
dejel Ao olste] H4FE FYR HE
=

o dlo
4
o,

(perturbation)®} % =9 (wake model)ol
oAzE BN FUFEE F RELE UF
Hok

£ AT E TR/ A4 E Astd oden Ze
Gaussian FF E@& A3t AA Jtel= <l
e AAEH TS, FESL UE FAY
Qu7L Wz i s AR dgwr) #dsx] 4
4. ayy FRE4EY gedlE $15te] Gaussian
Bd2 3ide Ad e Y dA ag9st vd
sjtial 7P e

L 1o
o

f(77)=Dexp(——2‘%‘:/—2“) (18

2 (18)& FFEHe] Gauss 58 BEHE Gaussian
TR FE X FUITrela, oYM, D
S WE 474 354 % &= A% Hoigd ¥
Fre] H(width)S YehiY, W 98 o} Zo
Ueld 4 9t} (Fig. 1 E3)

(19)

Fig. 1 Schematic for definition of 7

FHIOAMG HM2A. R4S, 1999



Py, = Py (20)

Uiw= a5 [1 — An] cos(ay) 21)

Vie=a;[1 — AN)] sin(ay) (22)
_ Pjs

Ciw = 7-1 (23)

[H— 4 (U~ V)]

AN, e TR $57, HyE 94 Agw, o
AT & S5 DG e, AR O, Ot
27t ¥R NE AEAZ A4S 9 fUHE
=23
=

7 #4935t Gaussian 57 299 FpHomBE A

@) AEE Fay] 3 QA A4 929

& AT Aol W

FoE I FEARTY on Ay

FEHo AAAE ghE olgdte F& £ 9ot
[s]

Glese 743 3sddy Zxzse] Udd #%
219 HEARY AR fEde s AT
03 7HAEH Y ol Ae 9F Wk} A% Mpertur-
bation wave)’t HIAEHA WEte p4E TIeln
Rom, 12 EAol2S AHLdle] thgal o <9l
$E9 SYAE frset

o= (P— P,)— Cilo — o) (24)

Wy, =(V— V) 05Cs (25)

w3=(P— P,) + 05Cix(U— Uy (26)

wy=(P— P,) — 0,Cis (U— Uy 27

A7, w1, @y, w3, o8 A7 F93E $F79

) 1¥

JERY, 9% (vorticity), %% 5Hpressure wave
I FEEYY 54AE e (N BEe
2EH Q)& #FHasly] v,

RADIAHMLD R2A, M4S. 1999

“5r Y e T e, =0 (28)
D=DjJ (29)
E=(&E+ &P/ (30)
F=(E+ 7,P/] (81
o}7]4, Ji Jacobiang vFERITH

3. x| M Za}

MR 459 27188 AsdE WA A4 A
QNS ARREL BAselor Bk Y RN

g s £
& % 1A e A7) ZEL Ao sl

slojA shutel 3 Ade dow spXREL HA

A

= SSME H¥l9 mAeld 3)de)e] sx 7t 159]
7wl Fig. 294 2o] 3¢9 Jdg st
TG A - oAy 43 AFAL A At
o] z}zt olgAol(chord length)d 4%C, 2%CE *
Wto g FAAA AAA &7 WEE B v

ol
ol

0780 A& e dF
ge Astdrh H49 Adld BAFFel
#9, 57 % o 27 45°9 15l

19



ZEH
Table 1 Parameters of the SSME turbine

Steady flow Mach number 0.25
pitch/chord ratio (P-/ C) 0.7
Pitch ratio (Ps/ Py 15
Inflow angle (@) 45
Wake velocity defect (D) 0.15
Wake width (W) 004

Fig. 2 Blade geometry and grid system for the SSME rotor
passage(151 X21 X3 ch)
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Fig. 4 Velocity defect vector in the SSME rotor blade passage
for a hypothetical case of P#P=1.0
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Fig. 7 Velocity defect vector in the SSME rotor blade passage
for P/P=1.5
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