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Boundary layer control of ultra-high-lift low pressure

turbine blade with surface roughness
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Abstract: The effects of surface roughness on the aerodynamic performance and bounda-
ry layer condition of low pressure turbine blade PACKD-A were investigated experimentally
under steady state and unsteady state. The upstream wakes were simulated by the rotating
bars, thus, an unsteady environment state was formed. To produce the roughness blades,
the sandpaper was stuck into the slot, which was incised on the smooth blade. The profile
loss and the loading of the suction side were measured by aerodynamic probes and static pres-
sure holes associated with the pressure transducer. And the details of the boundary layer
were measured with a single hotwire probe. Result shows that the roughness strips covering
5. 2% suction surface length (starting at 44. 3% suction surface length, stopping at 49.5%

suction surface length) and with 8. 82 um roughness height have a better performance than
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others in the unsteady state. The profile loss is reduced with this roughness strip with the

whole tested Reynolds number (3X10*~12X10").

In addition, the roughness strips cover-

ing 19.5% suction surface length (starting at 30% suction surface length, stopping at

49.5% suction surface length) and with 20. 91 pm roughness height reduce the profile loss

and extended the operating margin of the turbine blade with low Reynolds number (less than

8X10") under steady state. However, some additional profile loss is produced with this type

of roughness with high Reynolds number (more than 8 X10").
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Fig. 1 Cascade wind tunnel sketch
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Table 2 Surface roughness

Zﬁﬁfj R,/pm (R,/C)/107" RHEE/%
R1 20. 91 2.49 6.5
R2 15. 68 1.87 5.0
R3 8. 82 1.05 1.5
Hhn A 1.5 0.18 1.5

Ry T A H T AR AR R O W ) T R T
Bl 7 A AN ) S I RO I R W TR AT T A
S PR JFREGERE Sy 0. 7 mm, 7R A D 48 5 Zb
A AU i J5 18 B A 0. 2~0. 3 mm [ 35 75 4 1A
TR B OHURE M R A 58 U L I WENZEL 24
A LH1210 = 4 A 5 0 5 {30 % Y 1 #F 17 4 £, 3
Tt I 4 5 3 CalORR A AL ED 4 5 S 1026 L ~
49. 5% L (fAj Bk S1).,30% L., ~49.5% L. (fai #r
S2)Fl 43. 3% L. ~49. 5% L. (faifk S3), & 2 fr
AN XL I3 T 5% K (SSL) i 455, T X
WA X 3 R IRl T8 B 1 B AL



#a P FRAE T S THDHLRE J3E A R g O£ U TS i R R T )= 4 839

49.5%L_
44.39%L,

49.5%L, |
1091

2 HLREM
Fig. 2 Roughness blades

49.5%L
30%1

156 Hodson 802 | Y 2 a5 4 il 43 25 1)
S PR 0 P - 104 B TR B AR R K A TR S
TLAEAR R B S T 5 T B AR A 45 4 B 1 )23 4 A T
TR 30 S 5K 2 0 A B A o) T B Y A T )
B . TRl A 0 1 XA T 3R TR R B2 X i
B0 TR 2 B 4 A% SR A /0N o (ELHE 3 I i 3 IX PN ) JEE
TR S AR EOm k. Rt 3 R A S Lk T
R B R 0 49. 5% Lo, S3 WA B 7 B R IG
F 43. 300 L, GEEEWE(E £ % i B AR
A BELTE AN 3 0 R WA b I8 R 4R 4 K Y T 9
T 0 B ARAE S B R R 7 A R 2 B A
WL IEFIEE Re=30000~120000,T,=2. 2% 1
EH R ATEALE S2 45 A R mREE RL Y
2 G AT A [ AT 2 458 2 1 [ i SRS 3] 48 38 I 2K
SrEER. B Ja s T R R A AL
S2 MK BEY R — 5T Wi A A B S1. #3411

F3 MKERKE
Table 3 Test matrix

HURE 2% i B AL E R./pm
S1-R1 10% L ~49.5% L 20.91
S1-R2 10% L ~49.5% L, 15. 68
S1-R3 10% Lo ~49. 5% L, 8. 82
S2-R1 30% L~49.5%L, 20. 91
S2-R2 30% L. ~49.5%L, 15. 68
S2-R3 30% L. ~49.5%L, 8. 82
S3-R1 44. 3% L ~49. 5% L, 20. 91
S3-R2 44.3% Ly ~49. 5% Ly, 15. 68
S3-R3 44. 3% L, ~49. 5% L., 8. 82
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Table 4 Relative works about turbine blades

surface roughness

2% Rk R./pm C/mm (R,/C)/10°" Re/10
Abuaf,
. 0.8~2.3 96 0.08~0.24 68~230
et al. [**/
Lorenz,
_ 4.5~19.4 65.23 0.68~3 5~25
et al, [1%
Montis,
. 7.1~29 100 0.71~2.9 5~70
et al. 1?2V
Montomoli,
~ ~5 27 0.37~1.85 3~14.5
et al, 1"’
Present
8.8~20.9 84.3 1.05~2.5 3.5~13.5
study
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