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Numerical Analysis on Effects of the Boundary Layer Fence Equipped on
the Hub of Rotor in the First Stage Axial Flow Gas Turbine

Deok Kyu Yoon*, Jae Choon Kim**, Dae Hyun Kim**, Won Suk Lee*k,
Jin Taek Chung

Key Words : Axial flow gas turbine(55 7}2~E]4]), Rotor(%2}), Boundary layer fence(ZFAZH2), Secondary flow
(©]AH7-5), Hub(3]E), Suction surface(Z %)

ABSTRACT

The objective of this study is to investigate the three-dimensional turbulence flow characteristics of a
rotor passage of an one-stage axial flow gas turbine and to investigate the effects of a boundary layer
fence installed on the hub endwall of the rotor passage. Secondary flows occurring within the rotor passage
(e.g. horseshoe vortex, passage vortex, and cross flow) cause secondary loss and reduce turbine efficiency.
To control these secondary flows, a boundary layer fence measuring half the height of the thickness of the
inlet boundary layer was installed on the hub endwall of the rotor passage. This study was performed
numerically. The results show that the wake and secondary flows generated by the stator reduced the rotor
load to constrain the development of cross flow and secondary flow reinforced by the rotor passage. In
addition, the secondary vortices occurring within the rotor passage were reduced by the rotation of the
rotor. Although, the boundary layer fence induced additional vortices, giving rise to an additional loss of
turbine, its presence was shown to reduce the total pressure loss when compared to effects of the case
without fence regardless of the relative position of blades by enervating secondary vortices occurred within

the rotor passage.

1.ME

©
ot EHRl qFEldAME g
BRg oF, BadAY F4AZe

© wRREAA
L L LER LT
oo TS Z1AF o

+  @AAR, E-mail : jchung@korea.ackr

o
of
fru
'S
Hu
©

o W oAfEe) WY, B

o to
Ko
oomiz
g
oS
oX %
E‘iﬁ
ok
o £
=
o (7
w
= 2
SO
2; F
:‘o fu
offl 7
ol
£
2om o g

w J
)
e
Ho
offl
r_gt
ox
2
1
o
rote
i
9
v
o
iz oo
Mo
1
=

ox
2L
rir
e
L
o
w
Y
o,
=
=
o
offt
rlo
)
oz

e 8
lo ¢

o

N

ek

SE]

o

-3

£

k)

R

o

o

re

P~

L

[>

N L
B2 o o

> o o ¢
e U

™
aQ
w
—_
.

po M pE oo ox

8 SHINAME H12A, M25, pp. 8~16, 2009(=2 & = Xt: 2008.1.1, MAr2F X 2009.2.13)



ZraEfEILY Solo sl pHo| B

2
ol
>
e
Ho
P
i

il
o
fy

|

s

rok

)

e

1 offt
i

29

B

o 2,

s

=
o
2
2
rfe
i

¢

O

L o

i)
S
2

1 to g
N
=
o
£

Y
L
)
H odk
<
3o &
fr

' o o

2w

o

I o
M Sorh o o Bo— X o

ox 2 12 M

1o, 1o
2
=
jie X
—{é rlr [eZ0)
offf >
=2
2 N
I’E I
Yot o
o L
ofr
ol

H
™
Ly
S

19 19
o,
i)
o

i 4

ol _QL'
VR (i

o o ot
ol
ol

offt o

n
u
doof o off ogh o> o
1
N
oL
Hiu
=
o

2=

P

o 2o

32
&
o
a3
o
=
dn
2

rr o

> ooz B o ot rlo T
o o rh

o o)

o

uo

Bl

o

oft

lo,
W e

)

>

ol
B
>
o%
2
=2
it

i

ol g

he
il

HT
lo

—&r&é

A]

it

contoured endwall A
Wejo] 9t gke T e

sajel ) 24

1>

A

#Hido] g
%) 5} Tuft gnd 7 t’”?Q(Oﬂ film method)%
atod o8 B2 oA s 33 #%
geletgich. 2 Bl oF 52 o] das
gto] olzbfhE el AL AP oz B
=l yAaHe S/ £ dda st} Kawai

>J

e Ay AaAel=e) EHe N thE =7]9
Axok O 9XE HAsY SR dgy Hx
TEZE SATOEN HA A 7|9 JHE 2A
atalrh. 2 A A9 A oo} = YT A
A% FA 1/3 Folot Euo]= Abeld] 1/2 HX
o], o]ZHEH oA E 0% AR FaAAT
T agn. 29 Agon Feolo) AuAgor <t
A ER gl wAdste AR FH5}
T mAe dgs nHdFr] Y3 2ges 74
A AzAlmg AAse Fdde] AT AAA
ol= o FatE AAZ w29 g gF 2l
At 2 ZF T YRF AsA s YolHE A
ol g woziE TAE FRY FEF
FUoR A AAFIL DA gkol AAF HAio|
g olafrE WA A& ' AA Gk,
Axof o op7o) WAoo FIHQl $alo] HAPs)
A, HAE ARG A dAEQ] &4 EHols
o AdHQ Aol dagle]l Zagvn sttt
Ak o] A Age] AAAAo|=E glald YA =
B¢ 7 Adg AAse Adde 53] Wl
F5o] HErh dejyma F&33 TR olAHES
THE F2 EAY. aga dA7A AAS Az
SHMIAME H12F, H2S, 2009

Ao Fobof thst & HME o2
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Fig. 2 The rotor in multi-stage axial flow gas turbine
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Fig. 4 The boundary layer fence equipped on the hub
endwall of rotor

Table 1 Basic design parameters at the stator and rotor

Stator Rotor
Blade height (h) 2957 31.09
Chord (c) 23.07 26,55
Pitch (s) 1892 15.40
No. of Blade (N) 35 43
Tip Clearance (tc) 0 0
Tip Dia (Do) 23831 239.6
Inner Dia (Di) 179.17 17743
Aspect Ratio (h/c) 128 1.17
Pitch/chord ratio (s/c) 0.82 0.58
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Table 2 The information of Grid

Stator Rotor

Case 1 200,000 150,000

Case 2 150,000 115,000

Case 3 100,000 77,000
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Fig. 6 Computational grid of an axial flow gas turbine with
fence in a rotor passage

Table 3 Operating condition®

CONTENTS SPECIFICATIONS
Stages 1
RPM 30,000
Mass Flow 1911 Kg/sec
Turbine Inlet Temperature 1092.9K
Inlet Total Pressure 190.5435 kPa
Boundary layer thickness(6) 2.1 mm
Turbulence intensity 5 %
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