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Fluid-elastic Instability of Normal Square Tube 
Bundles in Two-Phase Cross Flow

Woo Gun Sim            Mi Yeon Park 
ABSTRACT

Some knowledge on damping and fluid-elastic instability is necessary to
avoid flow-induced vibration problems in shell and tube heat exchanger
such as steam generator. Fluid-elastic instability is the most important
vibration excitation mechanism for heat exchanger tube bundles
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vibration excitation mechanism for heat exchanger tube bundles
subjected to the cross flow. Experiments have been performed to
investigate fluid-elastic instability of normal square tube bundles,
subjected to two-phase cross flow. The test section consists of
cantilevered flexible cylinder(s) and rigid cylinders of normal square
array. From a practical design point of view, fluid-elastic instability may
be expressed simply in terms of dimensionless flow velocity and
dimensionless mass-damping parameter. For dynamic instability of
cylinder rows, added mass, damping and critical flow velocity are
evaluated. The Fluid-elastic instability coefficient is calculated and then
compared to existing results given for tube bundles in normal square.
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Content
• Introduction
• Fundamental Theory

- Equation of motion for a cantilevered beam    - Hydrodynamic mass  
- Flow parameter of two-phase flow                  - Damping ratio 
- An analytical two-phase damping model
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- An analytical two-phase damping model

• Experimental Study
- Experimental set-up and test procedure          - Experimental results and discussion

• Fluid-elastic Instability 
- Fluid-elastic instability coefficient        - Critical flow-velocity

• Conclusions
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Introduction
• Initial Motivation

o  Slender Structural Elements - Fretting Wear Damage 
o  Flow Mechanism of Two-phase Flow

Homogeneous Model-Only for Bubbly Flow

o  Analytical Approach for Hydrodynamic Forces
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• Hydrodynamic Forces

o  Added Mass
o  Fluid Damping
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o  Fluid Damping
o  Fluid Elastic Stiffness

• Engineering Applications:
o  Critical Flow Velocity
o  Design Criteria
o  Stability Analysis

2/1

2

)2(
÷÷
ø

ö
çç
è

æ
=

d
mC

fd
UPC

r
pz

¥U pU

pitch

¥U pU

pitch

23/08/2010



Proceedings of the 18th International Conference on Nuclear Enginee
ring

ICONE18
May 17- 21, 2010, Xi’an, China

10

100

Fluid-elastic Instability for Normal Square Array 

• Dimensionless critical flow velocity
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Fundamental Theory
• Equation of motion for a cantilevered beam

• Boundary conditions
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• Characteristic equation

• Natural Frequency
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• Hydrodynamic mass within tube bundle

• Hydrodynamic mass due to the liquid in the annulus  
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• Hydrodynamic mass due to the liquid in the annulus

• Total mass acting on the flexible inner cylinder
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• Flow parameters of two phase flow

Homogeneous void fraction

Homogeneous density
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Free stream velocity

Pitch velocity
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• Damping ratio

Viscous damping ratio  for 

Two-phase kinematic viscosity
dd
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Two-phase kinematic viscosity

Two-phase damping ratio ¥U pU
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• An Analytical two-phase damping model

Euler number for single phase flow 

Two-phase friction multiplier
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Two-phase damping ratio
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Experimental Study
• Experimental set-up and test procedure

1
3

2 - Pressure perturbation,  Acceleration
- Added mass, Frequency, Damping ratio,    
- Critical flow velocity,

Fluid-elastic instability coefficient
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test section
mixer

air supply line 
orifice flow meter                                              water tank
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• Typical Results and discussion
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• Experimental  results and discussion
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• Typical Results and discussion
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Fluid-elastic Instability
• Dimensionless critical flow velocity

fdU pc /

5.0

2

2
÷÷
ø

ö
çç
è

æ
=

out

tt

out

pc

d
m

K
fd
U

r
pz

0.07

0.08

0.09
  2%
  5%
  8%

M
AI

N
 P

EA
K 

O
F 

AC
CE

LE
RA

TI
O
N
, m

/s
2

Void Fraction, %

Hannam University

0.1

1

10

0.01 0.1 1 10 100 1000

Naka86(p/d=1.42)

Axisa84(p/d=1.44)
Pett87(p/d=1.22,1.47)

Lub86(p/d=1.55)
W&AR85(p/d=1.5)

Scot87(p/d=1.33)
Sim02,05(p/d=1.8,1.6)

K=3.4
Pett2001(p/d=1.22)

sim2008(p/d=1.3)

fdU pc /

2/2 dmtt rpz

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

M
AI

N
 P

EA
K 

O
F 

AC
CE

LE
RA

TI
O
N
, 

PITCH VELOCITY, m/s

23/08/2010



Proceedings of the 18th International Conference on Nuclear Enginee
ring

ICONE18
May 17- 21, 2010, Xi’an, China

• Experimental  data for fluid-elastic instability of tube bundles
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Conclusions
• An experimental program has been performed with normal square array of cylinders

subjected to air/water flow, to investigate fluid-elastic instability of tube bundles.
The pitch over diameter ratio was 1.3 and the diameter of cylinder is 20 mm.

• The dynamic instability of cylinder(s) is evaluated with added mass, damping and the
threshold flow velocity.

• The two-phase damping was calculated, considering viscous damping, structure
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• The two-phase damping was calculated, considering viscous damping, structure
damping and the total damping, measured at two-phase flow.

• The measured two-phase damping ratios are compared to the semi-analytical results
proposed by Sim (2007).

• However the two-phase damping data is scattered, average values of the data versus
void fraction agree well with the analytical results.

• Two-phase damping is very dependent on void fraction
• The calculated fluid-elastic instability coefficients for p/d=1.3 is slightly less than K=3.4

recommended by the design guideline, ASME Code Section Ⅲ App. N-1300.
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