
Vortex-Induced Vibrations: 
From bio-inspired sensors to design of 

marine structures"

As	
  water	
  flows	
  across	
  a	
  bluff	
  body	
  (i.e.	
  cylindrical	
  object),	
  the	
  object	
  tends	
  to	
  vibrate.	
  This	
  is	
  a	
  result	
  of	
  the	
  flow	
  being	
  unable	
  
to	
  stay	
  a>ached	
  to	
  the	
  body	
  surface	
  and	
  therefore	
  peeling	
  off	
  into	
  swirling	
  vor@ces.	
  The	
  shedding	
  occurs	
  on	
  alternate	
  sides	
  
of	
  the	
  object.	
  Each	
  vortex	
  exerts	
  a	
  force	
  back	
  onto	
  the	
  object,	
  causing	
  the	
  object	
  to	
  move	
  in	
  an	
  oscillatory	
  manner.	
  
We	
  study	
  this	
  fundamental	
  fluid	
  mechanics	
  phenomenon	
  of	
  VIV	
  with	
  two	
  goals:	
  1-­‐	
  To	
  be>er	
  design	
  and	
  predict	
  performance	
  
of	
  large	
  offshore	
  structures	
  and	
  2	
  -­‐	
  To	
  design	
  new	
  vibra@on-­‐based	
  sensors	
  mimicking	
  the	
  whiskers	
  of	
  harbor	
  seals,	
  used	
  to	
  
detect	
  specific	
  flow	
  features.	
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Fig.4	
  Riser	
  with	
  BOP	
  undergoing	
  wave-­‐
induced	
  excitaWon	
  

Fig.1	
  3D-­‐printed,	
  scaled	
  
model	
  of	
  the	
  BOP	
  

Fig.2	
  Sample	
  hydrodynamic	
  database	
  
(Cd	
  )	
  for	
  BOP	
  

Fig.3	
  CFD	
  on	
  the	
  BOP	
  oscillaWng	
  in	
  sWll	
  
water	
  highlights	
  a	
  large	
  vortex	
  ring	
  

	
  
	
  

Fig.	
  1	
  VIV	
  of	
  flexible	
  cylinder	
  by	
  DNS-­‐SPM	
  code.	
  (a)	
  Amplitude	
  of	
  vibraWons	
  as	
  a	
  funcWon	
  of	
  the	
  reduced	
  velocity(Ur).	
  
(b)	
  VibraWon	
  frequency	
  of	
  flexible	
  cylinder	
  with	
  Ur.	
  (c)	
  Sketch	
  of	
  w-­‐velocity	
  contour	
  of	
  flow	
  around	
  flexible	
  cylinder.	
  	
  

Flexible	
  Cylinders	
  -­‐	
  Direct	
  Numerical	
  Simula@on	
  	
  
	
  
A	
  numerical	
  simulaWon	
  tool	
  has	
  been	
  developed	
  to	
  study	
  VIV	
  on	
  flexible	
  cylinders.	
  This	
  
tool	
  uses	
  Direct	
  Numerical	
  SimulaWon	
  (DNS)	
  with	
  Smoothed	
  Profile	
  Method	
  FormulaWon	
  
(SPM)	
  [2].	
  It	
  employs	
  a	
  fixed	
  computaWonal	
  mesh	
  without	
  conformaWon	
  to	
  the	
  geometry	
  
of	
  the	
  parWcles.	
  The	
  method	
  represents	
  the	
  parWcles	
  by	
  certain	
  smoothed	
  profiles	
  to	
  
construct	
  a	
  body	
  force	
  term	
  added	
  into	
  the	
  Navier–Stokes	
  equaWons.	
  	
  
	
  
Use	
  of	
  this	
  tool	
  provides	
  the	
  advantage	
  of	
  modeling	
  mulWple	
  complex	
  shapes.	
  This	
  holds	
  
great	
  promise	
  for	
  studying	
  such	
  systems	
  as	
  dual	
  flexible	
  risers	
  or	
  the	
  aforemenWoned	
  
flexible	
  riser+BOP	
  model.	
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Harbor	
  seals	
  can	
  use	
  their	
  whiskers	
  to	
  
detect	
  the	
  wake	
  of	
  a	
  fish	
  up	
  to	
  30	
  seconds	
  
aqer	
  it	
  has	
  passed	
  [1].	
  This	
  is	
  enabled	
  by	
  
the	
  unique	
  vibraWon	
  properWes	
  of	
  their	
  
whiskers.	
  

Towing	
  tank	
  experiments	
  with	
  the	
  sensor	
  trailing	
  a	
  circular	
  cylinder	
  elucidate	
  
the	
  mechanisms	
  of	
  detecWon	
  that	
  seals	
  may	
  employ.	
  The	
  whisker’s	
  undulatory,	
  
ellipWcal	
  shape	
  reduces	
  VIV	
  in	
  open	
  water.	
  Thus,	
  the	
  device	
  provides	
  a	
  clear	
  
indicaWon	
  of	
  the	
  wake	
  because	
  it	
  1-­‐	
  vibrates	
  with	
  high	
  signal-­‐to-­‐noise	
  raWo	
  and	
  
2-­‐	
  synchronizes	
  with	
  the	
  wake’s	
  frequency.	
  

A	
  new	
  sensor	
  has	
  been	
  designed	
  
to	
  mimic	
  the	
  harbor	
  seal	
  
whisker’s	
  ability	
  to	
  detect	
  vortex	
  
wakes.	
  A	
  flexure-­‐based	
  system	
  
allows	
  the	
  model	
  whisker	
  to	
  
freely	
  vibrate	
  in	
  response	
  to	
  the	
  
flow	
  condiWons.	
  	
  

This	
  technology	
  can	
  enable	
  AUVs	
  to	
  passively	
  “feel”	
  the	
  flow.	
  With	
  minimal	
  
power,	
  targeted	
  sensing	
  can	
  be	
  used	
  to	
  hone	
  in	
  on	
  objects	
  of	
  interest.	
  	
  

Fig.	
  1	
  Non-­‐dimensional	
  amplitude	
  (Ay*)	
  and	
  frequency	
  (fy*)	
  	
  versus	
  the	
  reduced	
  velocity	
  	
  
(U*	
  =	
  U/(fnd)	
  highlight	
  the	
  sensor’s	
  response	
  to	
  a	
  vortex	
  wake.	
  	
  

Global	
  Riser-­‐BOP-­‐Casing	
  Model	
  

Hydrodynamics	
  of	
  a	
  Blowout	
  Preventer	
  	
  
	
  
MoWvated	
  by	
  safe	
  design	
  of	
  ultra-­‐deep	
  offshore	
  wells,	
  an	
  
invesWgaWon	
  of	
  the	
  hydrodynamic	
  performance	
  of	
  a	
  riser-­‐BOP	
  
(Blowout	
  Preventer)	
  system	
  has	
  been	
  conducted.	
  	
  
	
  
This	
  iniWal	
  study	
  invesWgated	
  the	
  potenWal	
  VIV	
  characterisWcs	
  
of	
  a	
  new	
  BOP	
  design.	
  Forced	
  vibraWon	
  experiments	
  of	
  a	
  scaled	
  
model	
  in	
  a	
  towing	
  tank	
  were	
  used	
  to	
  build	
  a	
  database	
  of	
  
hydrodynamic	
  coefficients.	
  These	
  will	
  then	
  be	
  incorporated	
  
into	
  a	
  detailed	
  model	
  of	
  the	
  global	
  riser	
  dynamics.	
  CFD	
  was	
  
used	
  to	
  reveal	
  the	
  underlying	
  mechanisms.	
  	
  

A	
  global	
  model	
  of	
  the	
  riser-­‐BOP-­‐casing	
  
system	
  has	
  been	
  developed.	
  It	
  is	
  
implemented	
  into	
  code,	
  which	
  includes	
  
the	
  riser	
  secWon	
  encountering	
  wave	
  
excitaWon	
  at	
  a	
  point	
  along	
  its	
  length,	
  a	
  
BOP	
  secWon	
  with	
  disWnct	
  mass	
  and	
  
bending	
  properWes	
  and	
  with	
  externally	
  
imposed	
  hydrodynamic	
  coefficients,	
  
and	
  a	
  soil/casing	
  region	
  modeled	
  with	
  
equivalent	
  springs	
  and	
  dashpots.	
  


