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" Vortex Shedding

2 Added mass

3 Potential Added mass ratio
4 Mass ratio

3 Relative submergence

LYt ] w)gs

;IJTC@)’\@;‘_;W@MMB
(X) 5T oL > o
ahe b
o e e
X S 55 58 Dlleg S 3
Y S 3 5,8 Sllas 8
Xgbuly 308 8 o bl W63
Ysboly 5508 5 0 obule W5 5
Ao 905 peb W5
oS Olog pde s 'als 8 0 ()l IS5
oo &S Uit
Jbw o 5
SIS ks
Tess58l p
ity 03558 p o
ST oo Sl ahols s 5
ng‘ﬁ S

5 a2 G

Tl

= N Q=g



% Reduced velocity ( or Normalized velocity)
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! Flow induced vibration (FIV)

2 Vortex

* Wake

*Vortex induced vibration (VIV)
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! Vortex shedding

% Naudascher

3 Blevin

4 Extraneously induced excitation (EIE)
> Turbulence
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! Instability- induced excitation (IIE)
> Wake

? Movement induced excitation (MIE)
* Self-excited

3 Flutter

% Kaneko



gj)\.&abg)\fﬂukfbjo.\ﬁw\dd\;bywé\f:)bbf-)&.ua)\}a.hf_,.w‘;bﬂu€)y[Y]-\J‘o.\.&
i 31 S L b wls § 0l (gl 45T iy a5 4S5l ) L ol ges Ll L Coils Laals § 0us o)l
aws ) (514 gai Y- Jg.:ﬁ.,\,:p.\,,L?W,gguw,mm;ﬁﬁdww\Ogu.S;.Ml@):;&

el ol 015 QLA (el 0 JM\}Q\@ bj&&ﬁ: Gk

Fluid and flow Flow field Vibration mechanism Example
Sl hass Vlorle)f induced * Resonant vibration
flow vibration (VIV) + Forced vibration

* Acoustic resonance

| Acoustic resonance | e
= Cavitation

External flow

* Wing flutter and galloping

Steady flow I_ Fluidelastic vibration | * Fluidelastic vibration of tube arrays

+ Compressor surge

-Surging
* Pump surging

Vibration of piping | + Piping, bellows, collapsible tubes

Internal flow

Forced vibration | + Vibration due to internal fluid

oscillations

Acoustically induced
| Unsteady flow vibration * Combustion-induced vibration
o « Buffeting
-| Turbulent flow |—| Random vibration |

+ Vibration of reactor internals

Pulsating flow

+ Valve vibration
* Water hammer

Sudden change c
] in flow —| Pressure pulsation |

—| Bubble-induced vibration |

+ Sloshing
Two-phase Thermal-hydraulic vibration with * Vibration caused by condensation
flow phase change

* Instability caused by boiling

—| Vibration of piping by two-phase flow
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" Subsonic

% Aeolian tone

? Separation point
* Shear layer

> Turbulence
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"'Vortex street



(a) t=0.903 sec : (c) t=0.968 sec
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! Staggered
> Subcritical
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! Transiotional
? Super critical
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' Lock-in
2 Synchronization
3 Zdravkovich
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! Bluff body
2 Damping
3 Correlation length



