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Dynamic Analysis of a Rotating Blade
Considering the Fluid Induced External Force
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Abstract

A dynamic modeling of a rotating pretwist blade which interacts with the fluid is proposed in this
study. The hybrid deformation variable modeling method is employed to derive the equations of
motion. The external force and moment induced by the fluid (with fixed configurations of the blade)
are obtained by fluid flow analysis and tabulated in a database. This database is efficiently utilized to

save the computational effort to calculate the dynamic response of the blade.

The numerical results

show that the fluid affects the transient response as well as frequency characteristics of the system.
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Fig. 3 CFD meshes for the analysis

Fig. 4 Pressure distribution at each mesh

HEe B dpe Agdy 499
2443 Yeht glch

A An~@14)°) E£FE FA o
7] A8 FAEHE A e A
Ag 2 J#:Mel CFD-ACE
A=zt EHBP Abzt
gAsE 4" -?6}711
Holl dig CFD-ACE4
F1 o Fig 4= B
Yehd Aolt}. 45 Mo o dERY
ol g3l w9 mAe FARdE FHE T3
A HeY ol o #o) ALitet

EE ©

"
t}. Fig. 32 AHZ
e 248 2y
o #FE JOEES

Eall
=

rﬂ rXL

N 2 o rr

il

Fy= giljﬁpxilyi-Fl —yil— %‘apxilyiﬂ — il
F,= si‘apyilxiﬂ—xﬂ - %%Pyi|xi+1—xi|
(16)
T= %§E‘Pm|y;+1 yilb;— Eﬂpxﬂy"ﬂ*ﬂbi
- %Pﬁlxiﬂ —xa;+ )%QPyilel —xila;

an

cHEE - &ER
Table 1 Numerical data used for the simulation
Notations Descriptions Numerical data
0 g dold AF | 1.626%x1077 kg/m
L Bo] o 30 em
E a9 A 70 GPa
G A A %5.9 GPa
A B oy 2x107% cm
b g 72 4o 1 cm
h g A2 ol 0.02 cm
. Rigid hub2} w7 12 cm
o5 A9 dm 1.156 kg/m?®
“ A JAAF 1.71x207°
o 7] A
_ o xitxin L YitYin
g=—5 | h=— (8)
] NG x, y HEUS ddo A4S 71F
2 78 Rolth olejg Wioz f47 4
7—¥°ﬂ w2 Ay 2945 EAE dolH 9]
28k el B4 8] £9 A A Bk
3. FX| oM
B AoMe 3] FolA Edoj=e HHLF
o %012 W AfelNg welE Fohe £
2 s 3t Foid PLTL UL 2
< AR BAED

Qs Ts . .
Flt-(32)sin(ZD] i 0<<T,

Ws=

714 e AL,
317] $3 Azke
sy, B

2,

.
S“‘:_j.

=B FAHYIME

if =T
(19)

T, © 3% 4&%d =2

e ZEEE 742

T,=15

sec, £2,=2300 rpm& 3Fko} Ah&-= A}

A% x7) WEY o] g
¢ gYztol gojy] Mg BFY B Y

+

L RECIE:



FAFEA A% 4HE 1T 3

o 245 "ol A 9Es e 21 F,
g 387} 3% oluld) A-$E Blasius®] A
YW ol gt FAld g3 ssAE & A
Atk 4 9t of Wl fAC] o8] g WAy
2o doly AgE Ea= o o3 #
o] dldHoz & LA ol

yls

F=—28 oulPb @y , T=0 0)
A7l pE B w9 7R Ao, e 49

&%, o A9 2E, g FA9 FAAS
E Yehla, & 03328 Ag3it)

CFD-ACE°| <8t Ao ABIAHL AFH
AslA Blasiuse] Aol & &jAd 2ds A}
&35 A vjustgich o)W AME-s B A
9] AP Table 13 2T} Fig. 5 2 =Fd4
AtgstE = CFDHE & ARrt &4y =g
o &g Adter Bluy F A= AL e
th o] Aze HE BEFEZoY Ao glE
S @ E Aolrle Fh vEdol HA
< F2d X3 @@y Ao|n ol Uy A&
AL APATFE Bt A=A waha] o
ag9L FARE &9 U E =294 AA"
2493 9o AAHE BdFE Aol

Fig. 63} Fig. 72 %7] H[EY 79 377} 10%
o 30= EFoj=st FAWAA AAEFE T
o oA B s TH WYE FAEIATL

= A% dEo] BHaFu gtk o] FA§4
A= e MEZHo|(A)E 0.06 cmE AHE3F
Rh. @ue] MZZol9t Ko YHAE A9
2 dlo]EgEL Table 13 2t} o} 28L& #
Ao adE nEstd FA a7 g ol
Hiate Aildoz WYst das] AAdes AL
BoFa gl

Fig. 82 3 A A&z ¥& W9 Hstg o
el Aoltt. A Z&%rr F74 weEl {4
% gl o3 FFHo] Frkstd WARE A
A A& BAFa Qi

Fig. 95 %7 ¥Ed7°] glE B& J3ANA
g duEFge wdE uLFHIEEFFDS
AHgete] de ARl 9 ade fAZ gl
A% a8l ol IY¥L fFAlV dE B¢ 2
#E vt gt F 28 fAREA o

A

geolze) Faa AT 2263

00

E somw't 0\ orTTI=—ooees
€
g
@ -1.040°
51
h
=3
2
© as10®
E 4
o -
© — Blasius theory
= 200t ---- CFD data

-2610° L L L

o 5 10 15 20

Time (sec)

Fig. 5 In-plane displacement with zero angle of

attack
(©2,2300 rpm, o,=10° )
00025 - .-
-~ eI 1
£
— 00020
£
[
£
8 ooo15f
£
3 t No fiuid effect
o ooow ---- Fluid effect
i=
s
& qo00s |-
@
5
© o000
L

. .
0 5 10 15 20
Time (sec)

Fig. 6 Out-of-plane displacement with angle of
attack( ;=10°)

. No fluid effect
0015 |- / ~--- Fluid effect
,

Out-of-plane displacement (m)

0 f‘) 1‘0 15 20
Time (sec)

Fig. 7 Out-of-plane displacement with angle of

attack( @;=30°)

sgo] B o] AEFTE AL HelFn
Ak, FAFL wslel Wed o 372 vy
e @FHE 2 378 fAET o A
3o FA4e RojFid 2AL AXER 1 @



2264

[ ——,=300 pm
~=~=-- Q=200 rpm
»»»»»»» 0,=100 rpm

(,730°)

Out-of-plane displacement {m)

10 20

Time (sec)

Fig. 8 Out-of-plane displacement with different

angular velocities

L. Nofiuid effect - -

60 7.0
Frequency (Hz)

30 40 50

Fig. 9 Fluid effect in frequency response

aox10” |
2.0x10”

0.0
20107
~4.0x107
6.0x107
8.0x107

<.oxto*

First Euler angle (rad)

120"

<1.4x10*

1.8x10°
[

Time (sec)

Fig. 10 Effect of eccentricity with no fluid effect

Ae agdd YehlA &gtk

Fig. 103} Fig. 112 %7] H582+e] =377} 30
=2 Baolzol By wakel WAL Fof
A e A+ 2= Ao disie #HA9
FFL vEY HYE ITHA dehd aPojth

(€2,=300 rpm, o =30° )
6.0x10°

5.0x10°

4.0x10%

3.0x10°

20x10°

First Euler angle (rad)

1.0x10°

€0

20
Time (sec)

Fig. 11 Effect of eccentricity with fluid effect

Fig. 10014 & HA4lo] glg 44 ®
e 298 E 4 e W4,
EY Zto] dAHo R Fitste
ol Bo dejwd W ofs] u]E7zto]
stele Aol WAl «16}1 AAH oz F7l3te
BFoz Wi & F Aok Fig NAME
Aol 25t o= o] Xlﬂﬂ&izi Zg-atod [A
A% AFs Y& o vEd BERTY F: A
e vehdx g wEYdzto) 44 33+ A4
Z7kete A#3E wnn 3 HAHY =)
upatA A AR AAE RS BF
T

L :10 rlr

TAA AAE g0l =

2dYE e dho
1Y T4 2dgL
FTh & ATlA
AfFsY T2a8E o
&5l —eﬂ°lc4 Feztyh S0 ©E YHEXE

€ 7Y F olg dHoly Hol2z AYsin Fol
FH HHA ofE Bl o] g3te HhEolth
olgld }He Al FEAdFY g FRIAYE
st FFE 4 glo] ol e dAs WY
she FHe ol weiN Zd"e Hold A

=

E rlo
:(o

=3

Ae) wgAe) 3718 RolBZ o] Popl 4
$749 4 WHoRA 2 g Pedu B
v



o] EL 19974 dFeANETAEY F&d
Fulo] o5t ALHYL.
Hnes
(1) Putter, S. and Manor, H., 1978, "Natural

Frequencies of Radial Rotating Beams," J. Sound
and Vibration, 56, pp. 175~185.

(2) Kuo, Y. H, Wu, T. H, Lee, S. Y., 199,
"Bending Vibration of a Rotatiﬁg Non-uniform
Beam with Tip Mass and an Elastically Restrained
Root," Computer & Structure, Vol. 22, No. 2, pp.
229~236.

3) T., 1988,
Characteristics of Rotating Timoshenko Beams,"
Int. J. of Mech. Sci., Vol. 30, No. 10, pp. 743~
755.

(4) Leissa, A., 1981,
Turbomachinery  Blades,"  Applied  Mechanics
Reviews, Vol. 34, No. 5, pp. 629~635.

(5) Rao, I, 1987, '"Turbomachinery Blade
Vibration," Shock Vib. Dig., 19, pp. 3~10.

Yokoyama, "Free  Vibration

"Vibration Aspects of Rotating

5] 4

Ry

Egolre £AA AFafA 2265
(6) Christensen, E. Lee, S., 1986,
"Nonlinear  Finite Modeling of the

of Unrestrained Flexible Structures,”

and

Element
Dynamics
Computers and Structures, 23, pp. 819~829.

(7) Simo, J. and Vu-Quoc, L., 1986, "On the
Dynamics of Flexible Beams under Large Overall
Motions-the Plane Case : Part I and Part II,"
Journal of Applied Mechanics, 53, pp. 849~863.

(8) Belytschko, T. and Hsieh, B., 1973,
Transient Finite Element Analysis with Converted
Coordinates," Int. J. Numerical Methods Eng., Vol.
7, pp. 255~271.

(9) Kane, T., Ryan, R. A,
1987, Beam Attached
to a Moving Base,” Journal of Guidance, Control,
and Dynamics, 10, pp. 139~151.

(10) Yoo, H, Ryan, R. and Scott, R., 1995,
Dynamics of Flexible Beams Undergoing Overall

"Nonlinear

and  Banerjee,

"Dynamics of a Cantilever

Motions," J. of Sound and Vibration, 181(2), pp.
261~278.
(1) °o1%87), %3, &&4, 1999, “2¥ HA R

z7] NERLE Ze I dFRY 74 24d
g 2 ) @A =Ed, A23E, Als,
pp. 107~118.

(12) White, Frank M., 1991,
McGraw-Hill, New York.

Viscous Fluid Flow,



