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Numerical Study on Three-Dimensional Endwall Flow Characteristics
within a Turbine Cascade Passage

Hyon Kook. Myong

Three-dimensional endwall flow within a linear cascade passage of high performance turbine

blade i1s simulated with a

3-D Navier-Stokes CFD code (MOSA3D),

which is based on

body-fitted coordinate system, pressure—correction and finite volume method. The endwall flow
characteristics, including the development and generation of horseshoe vortex, passage vortex, etc.

are clearly simulated, consistent with the generally known tendency.

The effects of both

turbulence model and convective differencing scheme on the prediction performance of endwall

flow are systematically analyzed in the present paper.
stronger effect than the turbulence model on the prediction performance of endwall flow.

The convective scheme is found to have
The

present simulation result also indicates that the suction leg of the horseshoe vortex continues on

the suction side until it reaches the trailing edge.
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Chord length of blade (C) : 160 mm
Pitch to Chord ratio (p/C) 1 0.7
Axial Chord to Chord ratio (b/C) : 0.704

Aspect ratio (1/C7) 1.21875
Blade inlet angle (B1) 35 deg.
Blade outlet angle (32) -72.5 deg

Fig. 1 Blade arrangement and geometry data.
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Fig. 2 Mesh(119 x 34 x 48) and schematic
diagram of b.c.
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(b) static pressure

(a) streamlines

coefficient
Fig. 3 Flow field in the 0.6% span from
the endwall (RNG kA—e model,
LUD, MOSA3D)
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Fig. 4 Flow field in the 0.6% span from
the endwall (RNG k—e model,

LUD, STAR-CD)
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Flow field in the 0.6% span from
the endwall (Std. 2—e& model, UD,

)
o)
<
%)
Q
=
©
&
» -
=
x
o
[w]
3]
2w
|
X
Nt
O .
v 3
.mlmm
IS
ol N
50
il
bew
50

Fig. 5

1
NF

HA B

5

3|
A
o},

o 2
B
~ <
& 8B
G
ﬁaﬂ_
i
U =
WO
Qon»l
< T
ﬁ;i
ks
=
w
5 B
™ o
5
e
T
1,
im«
<
9
Y8
PU
|3
Pso
I
S

Hu

%0

il

2y

=

(Fig. 3(a)) 2% =

-
B

AA, AT

ol A Yyelyi= 9rdH (saddle point)3t

(horseshoe vortex)¢] 34

ol

oK

|
o

A

)

o

27} <]

A (reattachment

ofel w}

ul
=

=)
}

B
5

line) ¥}

vl2] M (separation

M
puc
X
!

=

100
B

3

B

k
B

NH
o

1:«1‘_‘1
Zatoltt Fig. 3

&
o Ak

=
=
st

UD
g

1
ol Q.
==

ressure side leg)$t &

2
D

(

I

=
al

o

ha

Lo

passage vortex)2] <

T (

his

s}

B

o A

ojpy
N o

Nr

o}

2t
=]

]
A 29 0]

)

o ¥
L)

Langston %

B A

o1
7=

SRR



12 k!

= SIS NG RIX]

Pressure Side

-2
-4
&
)
-6
s Suction Side N&  “sao ool
O  Choetal.(50% span)
50% span
-10 ’“- ..... 13% span
----- 0.6% span
-12 : .
0.0 2 4 8 1.0

Fig. 7 Static pressure coefficient distributions
on blade surface (MOSA3D, RNG

k—e& model, LUD).
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Fig. 8 Static pressure coefficient distributions
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k—e model, UD).

e}
Ao A 06 % 2AAA A At oi
ol 2 JeElE A€ Langston %[2, 3lo] 21
& 2 et 7103 fFEEY gEoeR

h Y
AEDY @8, YA
Al
=

olxel ddAdet & dAstn k. Edol=

2R R Mo Aate AAgT vy F dA
st Ak 2y, 06% ;YR AL o &
AdE Fig. 39 FAEREHE A4 Rl TF

9
=

strel FYW v HE oS BzoF o
Foz 500 ;oA Aol Y o]
Holil glo} A
50% 2@ Aol M2l ghrch Beol=9
dME i =i, FYWRoRE 3494
Zodedel REEAE i ¥ g o
2¥a4e vedn gow, od g
Langston $[2, 319 A3@ZA#9 & AX &
=3

Fig. 8& HETk—¢
o Adg BHozRE

=
b

FQugel dEAF $EE dehd Aol 2
s md 2 e 49 29 2o 4u
o WAl e ha HolE vehhm, F

Paol A 13% =AM FEH FH Aol
VERUYR] ekom ) 06% @A A ghol
50% @A A 3t ZA Aol7p A &
£} olAL Fig. 6o B ER o2 RE 21



AW A1, 2003. 3

Eioldue] 3349 EURF 4ol g

TAHNA AT 13

BLADE
BLADE

s S

E

0.8C3x (MOSASD/ 0% s/ RNG K-£ps Moc/ LUD)

(b) 0.8 Cax

0.4Cx (RNG Keipa Model LUD)

(a) 04 Cax

ss

108X (MOSASD /7% 60/ RNG K-£s Mookl / L)

(c) 0.9 Cax (d) 1.1 Cax
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distributions and secondary flow

vectors along the axial direction
{RNG £—e& model, LUD, MOSA3D).
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Fig. 11 Pattern for passage and horseshoe vortices with particle traces.(RNG model, LUD).
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