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O
@ water flow direction

@ VIV moves cylinder downward
@ VIV moves cylinder upward
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" galloping

'" Self-induced

" FSI (Fluid structure interaction)
" fluttering

' Buffeting



Gl cwyp 0,0 092 IS 0,804, dw wilo 55l AL Slile )| aslllas jelaie 4y ol

plile] Slalllas 5 soue Slalllas 025 4o b )5

5 esb olals )l 5 (Ol 5 ojle 25,0 7 Sl g yaie slo 28,0l e ol 5 i b
oS il dlass (Sauzen Jdo a0 Ll cd 5 o pbxil o205 das Glo (g, (wlal 3 logas als 5
e S 0z 50 63)lge 10 9 AL (5l Gl Jae ple 5 02 ded GlaJae (Jlww g o5l
5 03938l py> cwlps wile 03ly slag s 4wl sl by Joe biges .l owile Bb ol
Coonl so0e 5 iyl sla e, 5l oalinwl opl by il so dily dwais Plol b yal,b
opdle g 035 Al sl 5 S IEy (b9 Sy (2lislos] Sligkos plxil ilosgal by (6t

oolazul w..o.b‘ aJlowo S J.»JL: < 99 Lg)L»w 6[.% wdsm L: d)‘}‘o )| 6)LA.AMJ )Q O‘ B
L sl ol oo bles Giom 5l Giam 1y s )8 51 ool Slala )| gile ancd o go0e o g, 3
S Spo 4 5398 (S5 A clinbne ol Sealiys 5 (Slosbne SVl Saslizs i

Lol 03505 595wl 5 51 5L Dliles )l asdllas ;o YU B0 b g awl,ls 1l

dle ;o Jhow g o)l oS Bg 51 bya oy 0 leojle axg LB Gl 6 i
o 1) s s o5l 28,0l JalS o 5, ol 5l 5 48l ol als,S 5l L5k clibs

Soled

LS eolE )] SO e e dilgie ol aS 5l 9exg (6l lacaaBge Koo b

bl valyz (S5 sleailpinl alie o)L8, Koo Cdl> pl )0 9 WS (00,8 K0S

layiol,T ol 5l (o dges 0Ll )l slao 5o sladilginl GiolT 4 olg ce Jle Glgie 4

\ A =

A \ VY — PO . . o . .

" Hydroelastic
" Bokaian
" Geoola



Vil palSie e polol 48 Soge, 4ol ol 4 e Cot brailgial wy b sLSLSL 5

wly alS ol o 1o by g 00gs als,F 5 56 Slil ) g5 51 il o oael ey sl Gusly ¢

[A9A ] il el oasay alie wily oo iy

Joe Bol B Sjgo 4 a5 (5 Khe (o005, Sl dde @ sl 5 S jail oS

35,5 oo ailgiwl ands (S5 58 51 YL LwdlS 8 50 s b dilginl el 4y i wled oo

v¥ Yy

VYol ] el | aslos 51 o3b olabes )l omuay cnl 1 oo s oSen g | o]

70 S Slalllas 4 5L seie 008y p badlgiul (895 Sl (owyp S gy ST Sl

L 5550 Mels sloasay als 3 51 ol olales )l sagay oS ‘Sllqd—l 3 ez ol aey ol o

25,5 Gglane dlls (gl 4 Stenl oo Slozgs 5l sidn il oo Jlow | Seoliysg 0un

" Hover

" Triantafyllou
Reduced velocity ™
™ Assi

" Bearman

" Shadow vibration
Hydrodynamic ™
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PELAMIS WAVE ENERGY CONVERTER
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How VIVACE works

A device invented by a-University of Michigan professor and students harnesses the energy in a water
current, and then drives a generator to create electricity. The device will be put into the Detroit River
next year.
1 Boxes with cylinders are
placed on the bottom of the river. —— AC cable 4 The DC current is
changed to AC and
sent to shore where
it will light a new
wharf between the
Renaissance Center
and Hart Plaza.

L DC collector

B As the current passes over the
cylinders it creates vortices that
makes them bob up and down.

$ S Flectromagnet

Source: University of Michigan DAVID PIERCE/Detroit Free Press
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Domain Extents:
x-coordinate: min (m
y-coordinate: min (m
Volume statistics:
minimum volume (m3): 8.054963e-08
maximum volume (m3): 8.028766e-04
total volume (m3): 3.550217e+00

Face area statistics:

minimum face area (m2): 1.619466e-04
maximum face area (m2): 4.880156e-02

-2.222500e+00, max (m) = 2.222500e+00

) =
) = -4.000500e-01, max (m) = 4.000500e-01
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#include "udf.h"
DEFINE_SDOF_PROPERTIES(sdof_props, prop, dt, time, dtime)
{
real cg;
real k =1600;
cg = DT_CG(dt)[1];
prop[SDOF_MASS] =10.42;
prop[SDOF_LOAD_F_Y] = -k*cg;
prop[SDOF_ZERO_TRANS_X] = TRUE;
prop[SDOF_ZERO_ROT_X] = TRUE;
prop[SDOF_ZERO_ROT_Y] = TRUE;
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Begin l User I
Y —»Defined i >
loop | Adjust l
—h — s — -
~
Solve U-Momentum
Solve V-Momentum
Solve W-Momentum
Exit Loop Repe at Solve Mass
A A Continuty;
Update velocity
\ 4
Solve Energy
Check Il
convergence -
Solve Species
Solve Turbulence Equation
I R 1
I Update properties (including § ~ ro—rmrmeme—e——e—e -

! User-Defined Properties

[OYT st 1531 5 58 oS Sls3,3 5 (5,5 )18 5 092w V-0 JSC

Pressure_Based segregated solver
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Abstract

Vibrations caused by vortices refer to the motion of objects created by the passage of an
external current through them. In this case, the force applied to the body is oscillatory.
If the object is bound, the vortex shedding frequency behind the cylinder follows the
Strouhal law, but if it is mounted on an elastic substrate it starts to oscillate with the
applied force. Investigations into energy extraction from the phenomenon have begun in
2005. In the present study, the flow-induced motion of a rigid cylinder connected by a
spring-damper to the generator was investigated for 30000 < Re < 110000. In order
to improve the inductive force, changes in the cylinder geometry were performed,
including the application of rough bands on the cylinder surface, then the effect of the
angle of fluid collision with the cylinder on the amplitude and frequency ratio of the

cylinder oscillation and their converter efficiency were investigated.

Since the use of a rough surface cylinder seems more practical than the use of a
cylinder with a rough bands, the purpose of this study was to investigate the amplitude
and frequency ratio of the cylinder oscillation in a fully rough surface. The simulation
was performed using Ansys Fluent software. Results of this simulation including
cylinder amplitude ratio and cylinder oscillation frequency ratio were in good
agreement with the experimental results. The results showed that by increasing the
angle of fluid collision with the cylinder, the ratio of the cylinder oscillation amplitude
should be reduced so that the maximum oscillation amplitude in the use of rough bands
on the cylinder surface at the angle of fluid collision with the cylinder 6 = 0° reach
2.9D and at the angle of fluid collision with the cylinder 6 = 45°, Reaches 1.5D in
galloping region. Also for the cylinder with fully rough surface the highest oscillation

amplitude was 0.9D.

Keywords: Vortex Induced Vibration, converter Efficiency, galloping
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