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Control of separation losses on turbine blade with low Reynolds number
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Abstract

The Reynolds nimber of mibing especially the lw-pressure ubne of mibofan engine is very low durig

the bong loiters at high altitudes for the U nm anned A erialV ehicles (UAV s), and this low Reynolds number results n the nota-

ble drop of efficiency of mwrhine The ob jective of the presentwork was to explore the controlm ethod of flw separation on the

tuth ne blades w ith the low Reynolds number In the current nvestigation the available and contenplated flow-control meth-

ods particularly suited for low-R eynolds number airfoils were first surveyed D mpled blade which is one of the surface treat

ments based on the golf-ball dinple structure was nvestigated n present study The horseshoe vortices created behind the

dinples are themain cause for the delay and elin mation of flw separation Numerical sinulation resulls for the dinpled airfoil

of the m il-span section of the low-pressure uibne wtor blade of a bofan engine are mspiring

Key words

il

1 4

[ N AT 22 5 Bl 8 KHLAML IR B I Il BOR,
AR T REG R, WA R KB IR
2RI EAG T IRE A -

SRR R R R B LR e A RV, £ =
2 TARIRAS, I i 10 T AR i 50T figBei 10' X
AECEGR, IB I oy B AN B4 % R 2 B, PR, JF
JRARTE W RCR AT T 1 i e & A I 20 12 i SR BN 24
AT RR SRR R B ML TR R A Ay

AR R VB A R iR e By Wy T

* YRS HAR: 2004-05-12 21T HHER:  2004-09-08.
BEeWmB: EHFEFABRRFEELETIE (10377011),

Tutbojet enging Tmbme blade Flow distrbution Flow characteristic Contwol

JZ2 57 T 5 A A5 R 1 R B 1) AR, S A T SRR T
%, OEA T ROk MR E WA R s o B s
] R, A 1 “RRORE AR T AL 4R A B o B
HEAJRIRANZE R

2 “BEkE ashiE R

2 1 i) AR R R

“DUERE T Hl AR E Beam anfl H arvey 25
ANKFBR KBRS A B . Beam an 255}
GERERAR R BN HEAT BB 7R B, $R IR RN 2
KRS, T LK Seii BR A (BRI ) fiiish kil 53 9 4

fEZE N JREM (1963—), 5F, WL, #UR, BHRSUECNI SRR eIl si s, R AR,

Email Qiaowy@ rwpu. edu. en



o264 1

I VO 4 T 5 R A .

ANASTE R Bl DX I, B I SR sl X s S i 3 X
i S sh KON s e S sh X 5. dnl&l 13w, #£
ANEL B X3, Bk 2 2 123 < 778 AN .

0.6
Golf ball
0.5 o i
;({JLI- Sk | .___,__-';:I:_:'_“ et
f D—O()f}xl{)‘-i "1~ Rough spheres

/  (Achenbach 1974)
021250103 '\;"I-. 7
500x10°— \ ¢

0.1 150%1 0""'_“] s ‘§-r;1001h sphere
0 s = ) . (Acghgnbach 1972)
2 4 6 810 20 40 60 80 200 400
Re/10°

Fig 1 Variation of drag coefficient w ith
Reynolds num ber for snooth and

rouggened spheres and a golf ball
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Fig 2 Dimple cavity flow schem atic
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Table1 Details of turbine blade and dimple

Blade paraneters | Vale Dinple paran eters Vahle

Chond /mm 16 Depth /mm a 14

Stagger/( %) 19 D ian eterfmm 4 38

Pitch /mm 12 Spacing fmm L 91

Inlet angle/( %) 30 Streanw e length /mm L 54

Qutlet angle/( ) 45 Spamy ise w idth /mm L 48
Position 607% chond
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Fig 3 Static pressure contours in 2D-cascade
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Fig 4 Static pressure contours in 3D-blade
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(a) Blade surface
Fig 5 Stream trace at specified plane(Re= 12208)

(b) Center plane
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Fig 6 Skin friction coefficient
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