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Influence of the Unsteady Wake on the Flow and Heat Transfer in
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Abstract

The influence of unsteady wake on the flow and heat transfer characteristics in a four-vane linear
cascade was experimentally investigated. The unsteady wake was generated with four rotating
rectangular plates located upstream of the cascade. Tested inlet Reynolds number based on chord length
was set to 66,000 by controlling free-stream velocity. A hot-wire anemometer system was employed to
measure turbulent velocity components. For the convective heat transfer coefficients measurement on
turbine blade surface, thermochromic liquid crystal and gold film Intrex were used. It was found that
the unsteady wake enhances the turbulent motion in the cascade passage and accordingly promotes the
development and transition of boundary layer. It was found that the heat transfer coefficients on the
blade surface increase as the plate rotating speed increases. However, the increasing of heat transfer
coefficients is not significant in the case that Strouhal number is higher than 0.503.
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Fig. 1 Schematic of experimental setup

Table 1 Cascade geometric data

Span 300 mm
Chord(C) 100 mm
Pitch 100 mm
Pitch/chord !
Aspect ratio 3
Blade inlet angle 48.9°
Blade outlet angle -63.5°
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Fig. 2 Coordinate system and test section
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Table 2 Experimental cases
Rotation speed Strouhal number
Case (RPM) R
1 0 -
2 60 0.126
3 240 0.503
4 360 0.754
5 480 1.005
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Table 3 Nusselt number uncertainty analysis

x; Unit Value dx; % 6Nu (%)
f 1.0 0.02 2.60
Tw [T] 356 0.2 3.66
T. [C] 2879 0.4 2.23
E [V] 2132 0125 3.41
I [A] 0355 S x 19°* 0.02
C [ml 01 5x 1p°° 0.05
0.9 0.05 0.73
A [m] 0.008 5x 10°° 0.7
T, [C] 251 0.14 0.19
Total Nu uncertainty : 51\11\31 i %

aefsted Mdgks BASAY UF dAg A
732 Nusselt £2 YERNY 2™ Table 304 =
e dF 449 A 2FUEEZ Kline 5
of Al Mo siMdsted UeluigioE Az
Eo| HAAAOR Qdlod 2Eghel A}
wo] =

07}0}‘»\——01 A 940“ ‘“]%}%):J’}' o u
HAELE £F40a Zule & REL Ay
=3

£
lI.
,z
o
OH‘
q Mo !
«{N
N
X
1
LY
B
i
o
ol Q
T
:“KL

ig EAA. 5 A
dol= vl Uf dWwe ZrArne
A
_‘

.,,
H
Ir

L ogo afe o)

vl Q1 Aol YFAEZ Fig 4o
Bl Fie
Hl(case 1)oll M= A ZoAe] W -
AR vuwAd A Jelden N < 06
- el BEEsln gu lé F#7h
B'F— A9 (case 2~5) FHE Q18 &
2 Qlate] A HAlE ke FFEA

ghol, A2k ejel et gy HAZE oxe
TR %R otttk siov AASFE

=oEbekAl "o s/ = 05 A
TS Belvh web o] Aol AAZe W

016’]:0] Z:ZH(S‘]—ZI 0}‘&:_ 7

O:
L o
o

{o

o
=
S
o
H
I
e
N 2

?_V‘
o
et
1o
N
e

1
]

J-h’. ol rL ofv ok iy
el

7

ré



168 Fed - AR -
2 - - - ~ :
6 Case 1(Steady) -

gu '
ZO,B ,
W g o g3 2o
T LR Y YR Y S TR TN ¥
30 - SC o
Case 2(RPM60)
720
)
T S
02 03 04 05 08 07
oo sc
s Case 3jRF’M240
—_op . ' :
E2,0 A 3 LFT
Zi1 RS _5
- S R 6 i3
02 03 04 05 05 07
v S o
‘ 5 Case 4(RPM360)
eyl 3 a-
g A
ZAD - , T e
02 03 a4 05 o8 a1
W - - SC
’ Case 5 RPM4§0}
=20
£
£ 33 ‘ 4
ZA) o ok 4.
;'1 4 44 5 %1
w2 03 04 05 06 07
SIC

Fig. 4 Turbulence intensity distribution on the
suction surface
2% #F2 & Ak
A= vn s R Strouhal
3 g:oz o|Ean Atk
= &M AAE FAE Fig 590
ek s} A ARE %Azl
SHasle] 0.1 < §/C < 039 Aol BAF
A7t 4% F71E Bolvvt thAl gaste] 04
< S/C < 059 FoAA Holm thA]
=7ksc), B R FFe olste] A

ZFY
Z9 TAE ZE7lslM, 53] SC > 035 ol Tl A

E3 ol

3} 0

siC

Fig. 5 Boundary layer thickness in the suction
surface

/N e Cased

0. s - ” &
%@%‘o,@;@éi\h io e,
B2 ka . i

S/IC

Fig. 6 Boundary layer shape factor in the suction
surface

2 rlo ot

fom ooz I

ey St = 0.503

£ o lo lob @ ojl

R TN
i‘{jqc ox
=

2

24

o o

24
o
2

do £ off ¢
2 8

2
I
Mo ot b x & n

r

B o mlo it ol £ (o ml o Uit

o
5L

of ox



SRR S S EECEERE

900 T T T T ~T T

[ - £1 - Case1(No Wake)

| - o Case2(St=0.126) B
4 Case3(5t=0.503)

o0 - ¢ Caged(St=0.754)
00 |- Ll 7 Case5(St=1.005) ]
- ®— Han(1993)

{Re=100000, St=0.1) _1

100 -
1 1 1 i 1 1
12 08 -0.4 (X 04 08 12 16
S/C
Fig. 7 Nusselt number distribution on the blade
surface
320
Si R a e =]
1080 -
[ g
o
11ap
=
120
Z 2 g 57
uug .
o 5
B3H0r
RIH o o
BRETH o [
S I SN YN .

0.8 0.2 L] ('A.(i Utl; lf')
St
Fig. 8 Mean Nusselt number with variation
of Strouhal number

dA38 #Axdtd 15 ol
AL FF9 augoz date 7
F2 AMoHAtkE AL 9N
at gAY F7tE 5 F 3
™. %3 Strouhal -2 —7}01] u}2} o
7

' .\])4

o, webd el Twa el gne

-

o2 dzdr}
Fig. 7914 7 487499 Seol= o]y
YRLHY A4S JEch FRe) dgon

Ustel ARAUL APE WAooy
ovf, B8 ¢H¥RG FRWANA BAsA 3
e Ae ¥ 4 Atk gEvelMel Fas
GEd EF Fbl aAAD FYAANAE
gl 37t oldelw AAZFe) Holsh ¢ #5
T2 WHE FuEz FYWelA FRel

o2 of b CIF ol

=4

A mAE o BF AF 169
gol % Am, ol wet UF
275 QRN % Fsishh

Fig $4 B d7ade A+E e
Y 9 aREAE Ave 4 OF 2o 49
stoieh o714 ssh s AHBAS FHe) AlF
3 EAMY BEolth wAY FRe dPom

1Y Ase

Belole EHolAM B diF dAHE Age F
st 2y kA e Sk fiE] AA

gor FPwelA HRe 272 e 2
e s > 059 FrelAE Aol dFstA ue
s},

L f:'Nuds
Nu='“°?‘e—_“5T )
4. 2 B
2 Ad7E 22 BN ey dE S A
HAd 377 §% 2 dFsddgd vxes 9
F& Aoz dFsted g e HE2EL
bt
HAd T/e 282 S7M4A AAZAY
YRAEE F7HA 7T Strouhal 98 F7te) uwl
2 FYUdel M dRZE HY 8.5%7A o)
Glea=g
HAA $7e 2459 94de 243 q E9
wHell Aol HAZ FAZ 2A Frsdied, ¥
AAFE B3l Strouhal 2 F7kel wel A A
Z Aol A Mol YFHFor olFs= AL B
Sk
H A 79 dgoz FYdoAM dFd
AGAGF7 Skt en, §/C = 06°1F0 F

A3 Z718 w9 28y Strouhal F7} 0503
o]l ARl HE HFIAY AFo F7}
VEREA] gEskt),

F 7

AFE SN ALsE 1998
A S o9& TyPHgon, old T
ARE oA A= dunt



170 Rt I B B B2 B

12
o

tpn2

(1) Pfeil, H., Herbst, R., and Schroder, T., 1983,
"Investigation of the Laminar-Turbulent Transition
of Boundary Layers Disturbed by Wakes," Journal
of Engineering for Power, Vol. 105, pp. 130~
137.

(2) Mayle, R. E., and Dullenkopf, K., 1988, "More
on the Turbulent-Strip Theory for Wake-Induced
Transition,” Journal of Turbomachinery, Vol. 113,
pp. 428~432.

(3) LaGraff, J., Ashworth, D. A. and Schultz, D.
L., 1988, "Measurement and Modelling of the Gas
Turbine Blade Transition Process as Disturbed by
Wakes," ASME Paper 88-GT-232.

(4) Funazaki, K., 1996, "Unsteady Boundary Layers
on a Flat Plate Disturbed by Periodic Wakes: Part
[ - Measurements of Wake-Affected Heat Transfer
and Wake-Induced Transition Model," Jowrnal of
Turbomachinery, Vol. 118, pp. 327~336.

(5) Funazaki, K., 1996, "Unsteady Boundary Layers
on a Flat Plate Disturbed by Periodic Wakes: Part
I - Measurements of Unsteady Boundary Layers
and Discussion," Journal of Turbomachi nery, Vol.
118, pp. 337~346.

(6) Dong, Y. N. A, 1989
"Compressor Blade Boundary Layers: Part! - Test

and Cumpsty,

Facility and Measurements with No Incident
Wakes," ASME Paper 89-GT-50.

(7) Liu, X., and Rodi, W., 1991, "Experiments on
Transitional Boundary Layers with Wake-Induced
Unsteadiness," Journal of Fluid Mech., Vol. 231,
pp. 229~-256.

(® oldig], HAZ, WEE, °IWE, &&E,
1998, “B{¥l Edel= FHI MYl
2¥g 94 f% FH 47 dASI=E
A, H234, A5E, pp. 567~576.

9 &8, AAH, $2F, s, 1999, "A}Z
F 277t A¥EYEY §5 2 G 1)
A Y T A7 AVAFF =T,
234, A7E, pp. 864~870.

(10) &<d, A%, 3, 2000, "FHAEE
a3 APuArIge] AH s A gy =
A, #2448, A2%, pp. 188~ 194.

(11) Kline, S. J, and McClintock, F. A., 1953,
"Describing  Uncertainties in  Single  Sample
Experiments," Mech. Engr., Vol. 5, pp. 3~8.

(12) Liu, X. and Rodi, W. 1994, "Velocity
Measurements of Wake-Induced Unsteady Flow in
a Linear Turbine Cascade,” Experiments in Fluids,
Vol. 17, pp. 45~58.

(13) Han, J. C., Zhang, L. and Ou, S., 1993,
"Influence of Unsteady Wake on Heat Transfer
Coefticient From a Gas Turbine Blade,” Journal
of Heat Transfer, Vol. 115, pp. 904~911.



