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—— Current-Induced Self-Burial ~

1. developing of the Horseshoe vortex 2. Scour and tilting
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4. Again developing of a scour hole and
rolling/sliping into the scour hole
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3. rolling/sliping into the scour hole
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Current-Induced Mobilisation
British 250lb General Purpose Bomb (reduced weight)
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— Measured Bottom profile and vortex mode
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British 250lb General Purpose Bomb (scale 1:5)

Current-Induced Scour, Burial and Mobilisation
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British 250Ib General Purpose Bomb (scale 1:1)
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—— Numerical Simulations with CFD

Dr. Peter Menzel & Dr. Chris Jenkins

Burial [%] :(5;15;30;50)
Velocity U, [m/s] :(0,2;0,6;1,0;2,0;4,0)

4 burial depths X 5 velocitys X 4 objects = 80 simulations
+ simulations with scour

6-10 million finite volume elements

Water temperature : 8°C
Smooth walls

RANS/URANS with SST-turbulence model

Boundary layer profil at object place :
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pressure force M, = z Foor
n
. M,=1F, -r0
weight force 0 Y
Fo =1t =Fy | | pcoefficient =—2L
buoyancy force M,
M—Coefficient > 1 — Motion possible

22.05.2018

LF : force normal to lever
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—— Wind tunnel
\
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— Experimental setup

M1:10 IR

British 250Ib Bomb German Mine GU

Nozzle

1300

1400 x 1400

wire

“Sea Floor” symmetrically at the'balance with L = 2000, B = 950
I

Rotation Stage

6-Component-
Balance

300 Mounting Platform
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— Abb. inkl. HR Wallingford
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MF= 0.1207 Re2 1137 j‘
_ “' P MF=0.059 Re2 1137
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numerical simulations
eMark 1 (1:1)
©B250 (1:1)
Mine GU (1:1)
® Mine GY (1:1)
® Cylinder (1:10)
A Mark 1 with scour (1:1)
A B250 with scour (1:1)
Mine GU with scour (1:1)
A Mine GY with scour (1:1)
A Cylinder with scour(1:1)
experiments
<B250 wind (1:5)
Mine GU wind (1:10)
O Cylinder water (1:2)
0B250 water(1:1)

287 points
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MF= —2L_.Pw _ ;peb
L-cosa u
a=02315 b =2.1137
U._. — b pwgDang(pobj - pw) _ K
it \ Za.uzL pw(l o Zb)Davg

@ 50% burial and z=1m

British 250lb General Purpose Bomb:  Ug; = 1,9 m/s

British Depth Bomb Mark 1: Uit = 1,3 m/s
German Mine Type GU: Uit = 2,1 m/s
German Mine Type GY: Ugit = 2,3 m/s

22.05.2018 © 2009 UNIVERSITAT ROSTOCK | FAKULTAT FUR MASCHINENBAU UND SCHIFFSTECHNIK

Current-Induced Scour, Burial and Mobilisation



Universitat
Rostock

W7 Traditio et Innovatio

Dr. Peter Menzel & Dr. Chris Jenkins

—— Wave-Induced Loads

wave phase t/T= 0.000

hydrodynang
added mass force (1)

hydrgstatic lift (/) Froude-Krylov-force (1)

dyodynamic drag

inertial forge (m)

rolling resistance (F)
o (max slope 36°)

seafloor
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— Morison-Equation

~

horizontal component

. . . : P
MUypj = pVobju + pCaVobj(u — uobj) + > (u — uobj)|u — Ugppj CqzA

\ . 7 | g
" " "

Froude-Krylov hydrodynamic mass force hydrodynamic drag

pCqVop; : added/hydrodynamic mass

: : P
(m + pCaVobj)uobj — pVobju(]- + Ca) + E (u _ uobj)|u _ uobjlch

C,- cos a F| : rolling resistance Ol (max slope 36°)

(m + pCaVopj)iop; = [1 + Gy cos a [pvo,,juu + C,) + g (u-— uobj)|u — uobj|CdA ]
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—— Horizontal loads

F, = cosa F
= cosasina(Eg — Fp — Fl)
- weight — buoyancy — hydrodynamic lift

a (max slope 36°)

P
Fg —F,—F = (m —pVobj)g —E(u — uobj)|u — uobj|ClA

(m+ pCaVobj)uobj
=[1+ C, cosa] [pVobjil(l + Cg)
p .
+ > (u _ uobj)|u — uobj|CdA+ Cos @ sin a {(m —pV)g

P
— E(u — uobj)|u — uobj|ClA }]

[1+ C,€, cosa] [pVobju(l +C,) + %(u - uobj)|u - uobj|CdA+ cosa sin a {(m —pV)g — % (u-— uobj)|u - uobj|ClA }]
(m + pCaVobj)

Uopj =
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—— Stokes 3rd order, shallow water
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[1+ C,€é, cosa] [pVobJ-u(l +C,) + %(u - uob]-)|u - uob]-|CdA+ cosasina{(m —pV)g —%(u - uobj)|u - uobj|ClA }]

tobj = (m+ pCaVobj)
cosh[k(z + h)] 3 , ,cosh[2k(z + h)] 3 11 — 2 cosh(kh)
= e 20) + —k3a3 h
u=c Sinh(kh) osp + 2 k<a Sinh? (kh) cos(2¢) + e k’a Sinh? (k) cosh[3k(z + h)] cos(3¢)
[ cosh[k(z + h)] , ,cosh[2k(z + h)] 9 11 — 2 cosh(2kh) ]
Y — . = . 2 71,3 3 h - h
u=cla Sinh(kh) sin @ + 3 k“wa Sinh?(kh) sin(2¢) + 2 k*wa Sinh? (k) cosh[3k(z + h)] sin (3<p)_
& Wave Indu.ced Muti{.m of UXO . - m} *
DSEEBEbrltI b:te Start  Ansicht Hilfe
Length Im— cm waveheigth |15— m scale iaclurlgu—
Diameter Iggi M wave perindelwf s current vel. lui mjs
Mass |1127 kg wavelength |1 56 m IZ_E wave-cycles
Burial Depth |5|]7 % water depthlﬁi m " Airy-Laplace

plus vertical component =>

Part 2: Chris Jenkins

& Stokes 3rd order

British 250Ib General Purpose Bomb
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—— Mobility in waves and currents

Part 2

~
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