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Vibration behavior of heat exchanger is governed by :
1.  Vibration excitation mechanism
2.  Damping mechanism.

Generally flow in heat exchanger is 

1. Axial flow.

• Parallel flow.

• Counter flow.

     By this heat exchanger vibration 
excitation is very small. So neglected.



  

2.   Cross flow.

     The most of vibration excitation is due to 
this type of heat exchanger. In cross flow 
the fluid is flowing perpendicular to tube 
axis. This causes drag and lift forces on 
tube. The resultant of this force is 
causing unbalance movement of tube.



  

     Generally following are parameter to be 
considered in heat exchanger vibration 
analysis.

1. Flow distribution calculation.

2. Dynamic parameter evaluation.

3. Vibration excitation mechanism.

4. Vibration response prediction.

5. Mathematical modeling. 



  

1. Flow distribution calculation.

      Generally flow in tube heat exchanger is 
turbulent flow. The turbulent flow can be 
analyze using CFD softwares like Fluent, 
STAR-CD,ALE. For that we require turbulent 
modeling. These are:

A. Classical turbulent modeling.
     a.  Zero equation model (Mixing length model)
     b.  2 equation model (κ-ε model)
     c.   Reynolds stress equation model.
B.   Large eddy simulation.



  

1.1 Flow parameter evaluation.

   The end results of the flow analysis should be the shell-side cross 
flow velocity, Up, and fluid density, ρ distributions along the critical 
tubes. For flow-induced vibration analyses, the flow velocity is 
defined in terms of the pitch velocity:

                    

Where U∞ is upstream velocity. 
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2. Dynamic parameter evaluation.

A. Damping.

B. Hydraulic diameter. 

C. Effective tube mass. 

D. Dynamic stiffness.

     Generally, in heat exchangers there are several significant damping 
mechanisms: (i) friction damping between tube and tube-support, (ii) 
squeeze-film damping at the support, and (iii) viscous damping 
between tube and shell-side fluid. In nuclear steam generators, 
damping due to two-phase flow is also important. The other 

parameters are hydraulic diameter and hydrodynamic mass 



  

2.A. Damping.

      Generally we are calculating damping ratio ζ 
for tubes in gases and tubes in liquid. We are 
also measuring damping in two phase flow 
which is occurring in nuclear plant. These are:

a. Friction damping between tube and tube          
support (ζF ).

b. Squeeze film damping (ζSF).

c. Viscos damping (ζV).

  



  

2.A. Damping.

• When heat exchanger tubes in gases then the correlation is given 
below. This is for friction damping. The damping is of 3 types as said 
earlier.

              

 For finned tubes the damping is given by:

             

                             

In this case the total damping is friction damping only. 
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2.A. Damping.

   When heat exchanger tubes are in liquid then it undergoes below 
viscous damping of flowing fluid, squeeze film friction damping, and 
friction damping. The viscous damping is given by:

      Where ν is the kinematic viscosity of the fluid and  is the tube natural 

frequency. Clearly, viscous damping is frequency dependent 
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2.A. Damping.

    Calculated values of damping   are compared against experimental 

data in figure below 



  

2.A. Damping.

   The squeeze film damping ζSF and friction damping ζF take place at 
support. Based on experimental data for total tube damping shown in 

figure below semi empirical expressions were developed 



  

2.A. Damping.

   The squeeze film damping is given by the equation:

Friction damping in liquid is given by:

1/221 1460
SF

m

N D L

N f m l

ρζ
   −   ÷ ÷=  ÷ ÷  ÷ ÷     

1/2
1

0.5F
m

N L

N l
ζ

  −   =  ÷ ÷     



  

2.A. Damping.

The total damping for tubes in liquid is given by:

T v SF Fζ ζ ζ ζ= + +



  

2.A. Damping.
   The case may be different when we are using two phase flow. This 

includes support damping, viscous damping, and two phase damping. 
The correlations are given below:

  

The viscous damping is given by:

The two phase damping is given by:
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2.A. Damping.

   The total damping in two phase is given by:

T S V TPζ ζ ζ ζ= + +



  

2.A. Damping.

 So total damping is given by:

   ζT = ζF + ζSF+ ζV .

    The above damping is calculated in tubes 
in liquid as well as tubes in gases.

 



  

2.A. Damping.

   For damping in two phase flow the 
following is considered:

d.  Support damping (ζS ).

e.  Two phase damping (ζTP).

   The total damping in two phase flow is   
given by:

                 ζT = ζS + ζTP+ ζV .

   The various correlation are available in 
literature.



  

2.B. Hydraulic diameter.

   For unfinned tubes the hydraulic diameter is simply the tube outside 
diameter D. If there is fin then diameter is approximated as hydraulic 

diameter. From a hydraulic viewpoint, the fins may be approximated by 
an unfinned tube of equivalent diameter, Dh:

( )h r o rD D D D= + −



  

2.B. diameter.

    The hydrodynamic mass is the equivalent dynamic mass of external 
fluid vibrating with a tube. In liquid flow, the hydrodynamic mass per unit 

length of a tube confined within a tube bundle may be expressed by: 

The tube inside mass is the mass of water inside tube. and the tube mass 
is the mass of tube material itself. 
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2.C. Hydrodynamic tube mass.

The total mass per unit length is consist of :

• Tube mass (ms)

• Hydrodynamic mass (mh).

• Tube inside mass (mi). 

Total mass is :

              mT = ms+ mh + mi .

Various correlations are available in literature.



  

2.D. Dynamic stiffness.

• For unfinned tube the dynamic stiffness of multispan heat exchanger 
tubes is simply the flexural rigidity EI.

• For finned tube, increase in flexural rigidity due to the fins is equivalent 
to increase in wall thickness is equal to 1/4th of fin width. Thus equivalent 
stiffness is found using :

     Where a and b are fin width and tube length between fins.
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3. Vibration excitation mechanism.

     It is happening in single phase liquide 
and gas and in 2 phase flow.

• Random excitation.

• Pereodic wake shedding.

• Acoustic resonance.



  

3.A. Random excitation.

   This is due to turbulence in flow. Further 
this is in single phase flow and 2 phase 
flow. Random excitation is usually not a 
problem with gas or vapor cross flow. It is 
significant in liquid flow. It can be 
significant in 2 phase cross flow. 



  

3.B. Periodic wake shedding.

   It is also known as vortex shedding. It is 
phenomena which happen generally flow 
past a body. When vortex frequency past 
body coincides with tube natural frequency 
then vibration occurs. It is generally 
present in liquid cross flow. It is descried 
in terms of Strouhal number S=fsD/UP. 
Which formulates wake shedding 
frequency fs, and lift or drag coefficient CL. 
Various data available for Strouhal 
number.



  

3.C. Acoustic resonance.

   Acoustic shedding frequency fan  can be 
defined as fan =nC/2W. 

Where,

W=Dimension of heat exchaner tube bundle 
        cavity in direction normal to flow and 
tube axis.

n = mode order.

C = Effective speed of sound.



  

4. Vibration response prediction. 
 

• Fluid elastic instability.

• Random excitation.

• Periodic wake shedding.

• Acoustic resonance.



  

4. Vibration response prediction.
     The fluid elastic instability is: When a cylinder in an array of cylinders is 

displaced, the flow field shifts, changing the fluid forces on the cylinders. 
These fluid forces can induce instability if the energy input by the fluid 
force exceeds the energy expended in damping. The cylinders, or 
tubes, generally vibrate in oval orbits. In tube and shell heat 
exchangers, these vibrations are called fluid elastic instability. 
Fluidelastic instability is formulated in terms of a dimensionless flow 
velocity, Up=fD; and a dimensionless mass-damping parameter, 
2πζm/ρD2

    Where f is the tube natural frequency, ρ is the fluid density, m is the tube 
mass per unit length and Up is the threshold, or critical, flow velocity for 
fluid elastic instability. A fluid elastic instability constant K = 3:0 is 
recommended for all tube bundle configurations, the damping ratio ζ is 
the total damping ratio as defined in the previous topics as total 
damping ratios.
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4. Vibration response prediction.

    Due to complexity of multispan heat exchanger 
tube, a computer code must be used to predict 
response. Generally the code will be in 2 parts : 
1st part will calculate the free vibration tube 
characteristics such as mode shapes and 
natural frequencies,  while 2nd part analyses 
forced vibration characteristics like tube 
response to turbulence induced excitation and 
periodic wake shedding and fluid elastic 
instability.



  

5. Fretting wear and damage 
assessment.

The ultimate goal of vibration analyses is to ensure that fretting-wear or 
fatigue damage does not occur in heat exchangers. Although a linear 
analysis does not predict fretting-wear, significant fretting-wear can be 
avoided by keeping the predicted vibration amplitudes below the 
allowable provided later in this paper. In addition, fretting-wear damage 
can be estimated Fretting-wear damage may be assessed using the 
following methodology. The total fretting-wear damage over the life of 
the heat exchanger must not exceed the allowable tube wall reduction 
or wear depth, dw.

      Where  WN is the volume fretting-wear rate, KFW is the fretting-wear 
coefficient, and is the normal work-rate 

FW NV K W=& &



  

5. Fretting wear and damage 
assessment.

   It may be assumed to be conservative that fretting-wear is taking place 
continuously for a total time, Ts corresponding to the life of the 
component. The total fretting-wear volume, V is calculated from above 
equation:

     The resulting tube wall wear depth, dw; can be calculated from the wear 
volume. This requires the relationship between dw and V. For example, 
for a tube within a circular hole or a scalloped bar, it may be assumed 
that the wear is taking place uniformly over the thickness L and half the 
circumference πD of the support. Thus
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6. Mathematical modeling.

 

    The tube and its reacting forces are given in figure above. The resultant 
tube motion is depicted in figure. How the tube, damper and spring. 

arrangement is acting is also given in figure.   



  

6. Mathematical modeling.

   After knowing the value of mass, damping ratio 
we can formulate governing differential equation.

     mTÿ + Csý + Ky = 0.  or 
    ÿ+ 2ζTωný + ωn y = 0.
 Where, 
ωn = Natural frequency of tube system.
mT = Total tube mass explaned earlier.
ζT   = Damping ration as explained earlier.
Cs =  System damping coefficient..
K  = Stiffness of system. 



  

PROBLEM

  The problem considered turbulent air flow over a 2D circular cylinder at 
free stream air velocity U=69.2 m/s. The cylinder diameter D is 1.9 cm. 
The Reynolds number based on diameter is 90,000. The computational 
domain extends 5D upstream and 20D downstream of cylinder

Geometry.



  

PROBLEM

   The meshing can be generated in GAMBIT. It is preprocessor for fluent. We 
are analyzing the above problem in fluent. The mesh are generated as 
shown below.



  

PROBLEM

   The meshing from near the cylinder wall are shown in figure below. 
Since we are required to find lift and drag force in cylinder, we require 

very fine mesh near cylinder wall.  



  

PROBLEM
• The static pressure contour is shown below in the figure.



  

• The velocity contour is shown below with maximum of 108 m/s.

  

The maximum velocity is greater than upstream velocity because at 
stagnation point the pressure energy is converted in to kinetic energy. 



  

The drag coefficient is shown below.



  

The lift coefficient is shown below.



  

• The drag and lift convergence are shown in the graph below.



  

   As we know that the Strouhal number for single cylinder is 0.2, we can 
calculate cylinder natural frequency as given below.
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