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Abstract

The paper presents the mechanism of secondary flows and the associated total pressure losses

occurring in turbine cascades with turning angle of about 127 and 77 degree. Velocity and pressure

measurements are taken in seven traverse planes through the cascade passage using a prism type

five hole probe. Oil-film flow visualization is also conducted on blade and endwall surfaces. The

characteristics of the limiting streamlines show that the three dimensional separation is an

important flow feature of endwall and blade surfaces. The larger turning results in much stronger

contribution of the secondary flows to the loss developing mechanism. A large part of the endwall

less region at downstream pressure side is found to be very thin when compared to that of the

cascade inlet and suction side endwall. Evolution of overall loss starts quite early within the

cascade and the rate of the loss growth is much larger in the blade of large turning angle than in

the blade of small turning angle.
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Fig. 1 Overall view of the cascade wind tunnel.
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Fig. 2 Detailed view of test section.
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Table 1 Model turbine blade geometry.

Model 1 | Model 2
Chord (C) 173.7 mm|206.4 mm
Axial Chord (Cay) 171.8 mm|165.2 mm
Pitch (P) 100.0 mm|100.0 mm
Span (H) 200.0 mm|150.0 mm
Aspect ratio (H/C) 1.15 0.727
Solidity (C/P) 1.74 2.064
Inlet flow angle (8,) 60.3° 0.0°
Outlet flow angle () 66.8° 77.4°
Stagger angle 8.5° 36.9°
Scale 5.263 1.861
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Fig. 3 Schematic diagram of data acquisition system.
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Fig. 4 Smoke wire flow visualization system.

a3k,

22 73 VHAEEA Y Ay

2 AlgoA gl dE 2 e 2aFF T2
2 #asl7] 98kl Large scale 7+2& wlwd 4
A A 5 & 4 9l A% 9)o]o] (smoke-wire)
#5718 718 ol &slglew, Fig 4+ M43
Al 288 Jehla gloh, 7hAsE $E A7) 9
Helojs oz fE Hul 200 mm, E¥e
2HE 4mm Yol HAAH Aol WA
s E2JlR F9Ew, of izt o] sheet
Wz wmapshe 2 Aol Fielate] £H-§ dFe &
skl e,

Halols ¢hd TAHIA Y ¥y wtEjid o™
2 e I o Bale]lx FwelAe wgr
FEA 55 03 95t B Zalolx

tﬁ

o
i ] 2 A F d(hmltmg

fru

o

2 Ageld Agd
B edglae Egstel
Ageger T A AsE A dsteit &
=7 Aok sed, £ o
B, esclarel ARuE

o S gAY AT 15

Table 2 Test conditions,

Model blade Model 1 | Model 2

Boundary layer thick-

ness (6) 24.0 mm | 17.0 mm

Displacement thickness

3.82 mm | 2.77 mm
(6*)

Momentum thickness(8) |2.78 mm | 1.96 mm

Shape factor (H,=6"/8) 1.37 1.41
Reynolds No. 3.1%10° |3.67%10°
(Rec=Us* C/v) ’ )
Free-stream turbulent

Lreess o 0.6% | 0.6%
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intensity (within bound- 7.6 % 9.8 %
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Fig. 9 Spanwise distribution of pitchwise mass-aver-
aged flow deviation angle.
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Fig. 10 Evolution of mass-averaged total pressure
and secondary kinetic energy.

£ widol Ael Wskrh glovd o k@ Fot
8ol X/Co=0.8 ol Feld gho] F53z
ek, =90 ol@ 295 2 SFolE Fashie

dvlz Qe 2R Foksh Falel=el sAs

42 Qoo AR AdEAel T 45
deh vlesgoldel AN ABRT AHEA
X/Cax=0.877E o}F sizkelA Z7hsh
o ATE S Gl Sl Aok

{m

_}‘._

| <=

Aot Hl*fﬂ s /Ltr+
= SAo) A AEA ==z '%fz}&

o] & B AAEZREFY XL oA A7t
ol=e 7AE FA9 el F EZE vloy
oo & Hao| e Fof TEofol o A3 l
357 ol gAdch Model 29 A$E 9

o Aol A AY AT 23

Toll 4l x/Cax=0.89] AAAAE olF vlAE F
7HE Reld, EHlol= SldA o dhfeld F4 9
AEetAE e, ol HdHlolzel Aoz <ld ¥
ol uhe oz Fal7b x/Cax=0.8 o] Foll4 ¥t
glete] mlesgl Wo 2 AHslslo] £4E FIHA
7171 wEolet, vleaolAe] X A
AskEAAse wse AFEE AsteAdAsd
v s2EA et 2 kel 2o, 27E o
i dgelx F o] Aol A Art, ot
A1 Model 28] 7-%& EHol4e] W& oUx]
Azp vlesd 2z AspsA] 45 ¢ 5 A

_v.

24 5o A A s ¥ 5 =AvbwA A
A Al ot v d A FobeAul 98 27E &
3]?4 x5 Heol 78 5348 J?:T
2} 4 9ot

2 Ao & e 554 o £ALE
F317] 9)8le] 5% TauE Lo qfHRTE
Astdn 2t 9 smoke wire 7fA]FhH o2

57]. ]‘ f,-],%ou;] g}_.o—j,]. 71-0 ﬁi.@. 0-104\;].
(1) Model 12] %% #571488 Folo] 52
ke, obdd, Bwzld, FHE 52 A

BE T 4 doden], 53 Beueldol 9w
whbe Sgeld 2oz weld FA7t §9
W Ba Agshs FUdele] FRoF teld
% rﬂi}vl ¢ & s

iﬂhar, Aot 52 *.},“é o oEeta g Bdols

A5 2o} odakg AstA e, B3I FYH
horse-shoe vortex+ Model 2] 73-% Model 19
73wt AA s 7hx] ELEA H e

() 4 Held HH2Z #4E B 4 I
e srsleld FHon olFeAsM, B
e oA fAlE FEoRe GFoz THow
3 weise) FYUE weh AW FIUgos
AgaARe debd go 499 F99
shelol fASL grEuiel BY TANAL £
ofo] grjHoz grebrh,

(4) AA £4 F BRskRel o3 23 €43
gaolms) GaEAel £l Ay e A3

W, 23 £49 $4 W AR Aside 2



24 Aokl -

Model 18] A% & Sz Aol Aie A%
Ak, Model 28] A5 A8 vlad 27 wE
of A A 221 Fol &Alo] AA Fre

ot

B

o

nE

(1) Langston, L. S., Nice, M. L. and Hopper, R. M.,
1977, “Three-Dimensional Flow Within a Tur-

bine Cascade Passage,” ASME Journal of Engi-

neering for power, Vol. 99, pp. 21 ~28.

(2) Gregory-Smith, D. G. and Graves, C. P., 1983,
“Secondary Flows and Losses in a Turbine
Cascade,” AGARD CP 351, pp. 17-1~17-24.

(3) Moore, J. and Ransmayr, A., 1984, “Flow in a
Turbine Cascade: Part 1 Losses and Leading
Edge Effects,” ASME Journal of Engineering
Jor Gas Turbines and Power, Vol. 106, pp.
400~408.

(4) Chen, L. D. and Dixon, S. L., 1986, “Growth of
Secondary Flow Losses Downstream of Turbine
Blade Cascade,” ASME Journal of Engineering
for Gas Turbines and Power, Vol. 108, pp.
270~276.

(5) Yamamoto, A., 1987, “Production and Devel-
opment of Secondary Flows and Losses in Two
Types of Straight Turbine Cascades: Part 2 A
Rotor Case,” ASME Journal of Turbomachinery,
Vol. 109, pp. 194~ 200.

(6) Yamamoto, A. and Nouse, H., 1988, “Effects of
Incidence on Three-Dimensional Flows in a

33048

Linear Turbine Cascade,” ASME Journal of
Turbomachinery, Vol. 110, pp. 486~ 496.

(7) Marchal, P. and Sieverding, C. H., 1977, “Sec-
ondary Flows Within Turbomachinery Blad-
ings,” AGARD CP 214, pp. 11-1~11-20.

(8) Gaugler, R. E. and Russell, L. M., 1980, “Strea-
kline Flow Visualization Study of a Horseshoe
Vortex in a Large-Scale, Two-Dimensional
Turbine Stator Cascade,” ASME paper NO.
80-GT-4.

(9) Moore, J. and Smith, B. L., 1983, “Flow in a
Turbine Cascade. Part 2: Measurement of Flow
Trajectories by Ethylene Detection,” ASME
paper NO. 83-GT-69.

(10) Belik, L., 1975, “Secondary Losses in Turbine
Blade Cascade with Low Aspect Ratio and
Large Deflection,” Proc. 6th Conf on Steam
Turbines of Lavge Power Output, Plzen, Cze-
choslovakia.

(11) Sieverding, C. H. and Van den Bosch, P., 1983,
“The Use of Coloured Smoke to Visualize Secon-
dary Flows in a Turbine-Blade Cascade,” Jour-
nal of Fluid Mechanics, Vol. 134, pp. 85~ 89.

(12) Sieverding, C. H., 1985, “Recent process in the
Understanding of Basic Aspects of Secondary
Flows in Turbine Blade Passages,” ASME Jour-
nal of Engineering for Gas Turbines and Power,
Vol. 107, pp. 249~257.

(13) Aok, AldzE, =ts%, 1996, “vlodsidel
g 5F TEue wAd B A7, " SIg
713332 Vol. 20, pp. 116~124.



