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A Study on Coupled Field Analysis of 3-D Gas Turbine Blade

Keun Hyung Park*, Taeg Ki Min’, Chang Soo Park™

l| Abstract I

A turbine blade operates under high temperature, high pressure, and the loads have the characteristics that the
amplitudes change. Therefore, it is important to perform a stress analysis considering thermal and pressure loads. The
purpose of this study is to investigate the effects of these loads on gas turbine blade through thermal stress analysis.
The analysis results shows that pressure in gas fluid flow around blade is high in leading edge part, Gas temperature
is connections with pressure of flow around blade. The distribution of stress from blade is appearing as is different

at suction side and pressure side.
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Table 1 Properties of flow gas for turbine blade

Inflow Gas Burning Gas(CH4-+AIR)
Inlet pressure 12x10°(Pa)
Inlet Temp. 1050(K)
Outlet Pressure 10.8x10°(Pa)
2x10°(Pa)
Inlet pressure 5><105(Pa)
Cooling Channel 10><105(Pa)
Outlet Pressure
Inlet Temp. 900(K)
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Table 2 Material property of turbine blade

Material Udimet 500
Reference Temp.(K) 811
Modulus of Elasticity(Pa) 191 E09
Poisson’s ratio 03

Thermal Conduction
Coefficient(W/m*K) 18.3 E06
Heat Coefficient of

13.3 E-
Expansion(m/m/K) 33 E-06
Yield Strength(Pa) 725 E06

EA 2= Table 2%

Zth.

2.3 A=

458 AT BHlol= B4 27 o2 1
Fig. 3] Wetiiglct. o= AA] 2d4=E WYt
Aot =H HY 98 A AEHATXY.Z By B3
A{E F4), Bgol=o] EZiTip) S XY 5 HA

3.1 g/3 &M 2t

Fig. 4= €Yl BHojE 1 7tA {5749 ol 34
ANE BAFE aYolch Ao HojFe ol 7ol
suction side®] I+-&o] 71§ & F9olA 7Hg 2A e

ELmeENTS

File: brype-flowfield-8

Fig. 3 Boundary condition of turbine blade
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Fig. 5 Pressure distribution of turbine blade surrounding
fluid flow
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Fig. 8 Stress distribution of turbine blade Suction
side(Pa)

NODAL SOLUTIOR
sTER=)
sus =1
TiMET

sMr =.387£+09

. - - ey r———
5 TGEIET08 TR EEBEI09 T3AAEA0S
L8308+08 1298405 SZISESTR 3038009 387E409

2-turbinblade-1.sat

Fig. 9 Stress distribution of turbine blade pressure side
(Pa)

42



I'.‘.".'

X7 A &3 =2 Vol.15 No.2 2006. 4.

A dhAishe 17 of et 43~387TMPad] g o] A= A
oz Uehjal 9lon, o= §E-3-2(725MPa)9] 25~54%
9] §¥ oty 2L, §AEEE L= £2 AT &
shgol AujHel Ao AgErh

4. 2 E

ZheEdl B ol= FA19 F5o 8 2As= € H

&Y 3ol A3 Bol=of Y AHE AE| A3k

e Suadk 34 Z2IY ANSYSS AT Y

£ olgsiel e Ze ATE AUk
(1) blade F{9] 7kA {5 o)A 2L leading edgeoflA]
At Eeh &% T 7t
suction sided A Vel 922 ¢ &

1
X
nE
Kl

0,
nio
filo
w2
-

ot
ri
of
a8
o X

32
B

£,
o
iy
rE

@ o 7jrel LEE §EA0 AT 4T
A

Aes & & o, gHol Astel

49
uct
i
2 N
N

% 2EE At G| Lot wet 2= 4

e o 4 gk whehA LR ET ] A A FI
ARSI 4 QdSiTh

(3) Edolcolre] &Y FEL FYUFY FFAM F

$99 ExE yeghlx glor, A Ad) S

232 Von-Mises? FE24-E &S ¢

°

Eof Uehd §3 B2 AAE SN curved] 4
o, 12 $1 90 7hed Ao dudn.

Q)

oo mir %2 B rju pe do off & ot mr 30

o G oyo o
o

43

- n|

e

Mo

(1) Lefebvre, A. H., 1983, Gas Turbine combustion,
Hemisphere Publishing Corporation, pp. 85~120.

(2) Hilt, M. B. and Waslo, J., 1984, “Evolution of Nox
Abatement Technique Through Combustor Design
for Heavy-Duty Gas Turbines,” J. Eng. Gas Turbine
and Power, Vol. 1, pp. 85~94.

(3) McVey, J. B, Padget, F. C, Rosfjord, T. J., Hu, A.
S., Peracchio, A. A., Schlein, B. and Tegel, D. R,
1993, “Evaluation of Low-NOx Combustor Concepts
for Aeroderivative Gas Turbine Engines,” J. of Eng.
for GT and Power, Vol. 115, pp. 76~85.

(4) Harlock, J. H., 1973, Axial Flow Turbine, REK
Publishing Company, pp. 32~130.

(5) Lakshminarayana, B., 1995, Fluid Dynamics and
Heat Transfer of Turbomachinery, John Wiley &
Sons, Inc, pp. 19~95.

(6) Philip. P. W. and Paul F., 1998, Gas Turbine
Performance, pp. 78~152. Blackwell Science

(7) KIMM, 1998, “A Feasibility Study for the Develop-
ment of Heavy Duty Gas Turbine Engine for Power
Generation,” pp. 1~87.

(8) KIMM, 1998, “Conceptual Design of a Heavy Duty
Gas Turbine Engine for Power Generation”, pp.
135~156. '

(9) ANSYS, Inc., ANSYS Theory Reference - Release
6.1 & Advanced Analysis Techniques Guide.



