The concept of Added Mass (1/7)
Solid moving with acceleration U inside quiescent fluid

A

Solid moving with U

pressure VS. X AP’]_L '

Fres =(P"'R —P"L) A=X AP, A+ 2 AP, A = ¥mU'jg+Ym U'iL

=

The resistive force (F,,.=m ;. U) is needed in order to

accelerate parts of the surrounding fluid which move with the body.
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The concept of Added Mass (2/7)

Fluid subject to acceleration without a body inside it

P
Fluid (moving with U ) @

pressure vs. X

CE358 - Introductory Ocean Engineering

AP =P, —P,

* Force is pointing to tlge left

(in the direction of J )
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The concept of Added Mass (3/7)

Fluid subject to acceleration wia o dy pressure vs. X
with a body inside it g N with body
«— ol A% =7
. A DR A A Ui
Solid (not moving) P’ |ap, > AP ="F
body R AL C A
IRye—"_ __ NN - L pressure vs. X
7 | I .
—— _/__/_Pl________i___AP E without body
m m| X
~ ] 7\
B\Ejm <Up Uyx<U U
P’ P

. P'g = P + 2AP — AP;g — AP,g = Pr + Y (AP — APg)
AP I P, =P, — (2AP — APy, — APy) = P, — Y(AP — APy)
P'R =P, =Pr — P, + (AP — APgR) + Y, (AP — APy )
Fpody = (PR —P'L)A= (R —P)A+Xm U —Ujr)+Xm (U—Uy)

. — . . . . [~ § ou' '_I_7I.°
Fhody = Mgyiq U 2_: m (U — Upg)+Xm (Uﬁ Yq ',
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The concept of Added Mass (4/7)

Two Different Frames of Reference (for the same problem!):

Body is stationary
and flow is moving

to the left with =
v

speed U -
@ Adc

Bon wovt. dvivey

Flow is stationary s
(far upstream) and body ey —
is moving to the right 2"’ 30 B

with speed U

L

[ D
3:‘5 Flow W.+.4 .04 tede
opLecveYN
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The concept of Added Mass (5/7)

Fres = (PR =P "L)A=YmU g +¥m Uy, = m, 4 U
Uir = =Uir = (-0) =U-Up
Ui, = —Ujy, = (=0) = U - Uy,
Thus:
Ym (U - Ujg) +Xm (U— Uj)=muqqeqVU
Fhody = Mpyig U+¥m(U—Upg)+Xm (U-Uy)
Thus:

»my, ;;~mass of fluid displaced by body
>m, 4 4.—2dded mass; function of body shape and inflow direction
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The concept of Added Mass (6/7)

Definition of nertia coefficient C,,

Pressure distribution
along x due to the
presence of solid body

Pg-p,due to the presence
of solid body

'_.f

2 | pg-p, if we replaced solid
body with (same) fluid

Pressure distribution
along x if we replaced
solid body with fluid

2= p(ED* | HU

Iy

i

F;ady —

(D | U

Cylinder subject
to accelerated
inflow.

Results from
Inviscid flow
simulation

For inviscid flow around 2-D cylinder: Cy =2
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The concept of Added Mass (7/7)
Summary:(au quantities are per unit width in 2-D)

Fbody =(CyyMyg g U |

—

My 0 = Paug Y aug= Mass of diplaced fluid

Vouq = volume of displaced\ fluid

. . m...+m
inertia coefficient dlud added ) 1}/ added a
A Mg Mg

a =—*==*added mass coefficient (depends on shape + direction of flow)

and  Lwvicedld FHow
For@nder (circle @/ﬂu,d-area of cross section = nD{/4

R ZANS
Fo@mder in inviscid unbou\ncTiFlFE Cy=2 (a=?
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(Inviscid) Added Mas

s for other shapes:

m,, and m,, are the added masses when the flow is accelerated in the
horizontal or the vertical axis, respectively. mgg is the added moment of
inertial when the body rotates around an axis normal to the paper.

Table 4.3

Added—Mass Coefficients for Various Two-Dimensional Bodies.

f%
S aie

-8 my: wpa® Tob?
— My Twpa? -9 Tpa’
mg: 0 imp(a? — b2)?
) a
1§ !
W my . wpla® + (b2 — a?)?/b?] Toa®
My: A% ; wpa®
Mgs: ¥ tpat

From Marine Hydrodynamics,
Newman, J.N., 1977

L15% pa®
0.725 pat

*For the finned circle the added moment of inertia is given by the formula

mgs = pa*(n~!cscta [2a? — o sin 4o
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+ ¢ sin? 2a] — 7/2)
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%  Morison’s equatioﬁ/bffotal force
in the direction of wave propagation
. ; O'Brien, M. P.; Johnson, J. W.; Schaaf, S. A. (1950), "The force exerted by surface waves on piles", Petroleum

—

Total force = Viscous force + Inertial force

2
Total force l oDu|u || + 7/”D a
(per unit width) | =2 4

Drag coefficient Inertia coefficient
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RELATIVE DEPTH d i i d 1 d I
L <25 25 <1 2 ) T*Z
Same As Same As
. Wave profile —_— yi =-g~ cos [ 27[! - -ETL'] = % cos 8
: o b e L _ gqT 2wd . L . gT
. Wave celerity C_T— / qd C-?uz——tanh L ) / C—CO-T—H}-
2 2md e
. Wavelenglh LeTw/gd = €T L= _QLW- tanh (_E_) Lz Lgs ?‘av = CoT
. o B 3 L 4md/L = b oo BT
. Group velocity Cg=C-= gd Cg— nc = 5 [ —.wmsinh(ﬂfwd/L) C Cqg = > C = AT
. Water Particle Velocity Tz
: _H 9 A gT cosh[2m(z+d)/L . TH 2 9
{a) Horizontal Uz 4 cos 6 | S cosh (27747 L) U= e cos
’ 2Tz
- - HI 2y sinb iy i 8 g JTH C in 9
(b) Vertical w 7 (1+ 5 ) sin ws T ~oh (27 8/L) sin W = 8 sin
Water Particle Accelerations 272
' : H ] ; gmH cuh[Zr(z+d)HJ 72 T i B
Oy = il L i Qy e ay = 2 — e sin
{a) Horizontal X 7 /3 sin 8 x'1- n ok (27 d/L] X H(T)
- : Tz
. o T \2 7 _gmH  sinh[27m (Z+d)/L] . =< oH [V L cos B
(b) Vertical a, = ZH(T)(H . )cosQr az=- =T T} cos @ - (T) e 0
. Water Particle Displocements 271
: _ HT g __H  cosh[2m(z+d)/L] 9 __H i
(a) Horizontal E 4ﬂ_ 4 §in 8 £z > i (27d/0) sin £ 5 €
. TZ
p i _H S ) H sinh [27 (z+d)/L) _H 2L g
(b) Vertical L =5 L1+ 5 cos 8 L= - SRR 8 C > ¢ cos
) h (2 +d)/L ere
. Subsurface Pressure p=pgin-z) p=pPgm msco[sh;rz(;,d/gg J - P9z p=pgne L -pgz

Figure 2-6.

Summary of linear (Airy) wave theory-—wave characteristics.
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Application of Morison’s equation to determine forces on vertical piles

Morison’s equation is integrated over the lenqgth of the pile, after the values for
u and a, have been determined by either using linear or non-linear wave theories

- . J
SWL — L= 1 ‘ e
'——ﬁ:%AX\vH 9="0 ¢
y Fou(t) = F(t)+ Fy (1)
d du:; view from the side ol . °
=" F;'(t): &1 'Sln(lg)
A A S G G A A G e G e v e e avens N

2

m
view from th¢ te o ——— _i -
F,(t)= F,, -|cos .9| cos 9
— T— — -
. 2
7 : Fon =Cp E'Og DH"-K,,
ro -
: . 1 canh 27d
% .= —Tlan E—
m 2 L
{ 1 Ard | L
dee v W :—l- -sz—' K, =—|1+ -2
EDY' PHZD kwv\ 2 ) 4 —> oM " g Sinh[472’d/L] 4
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The wave forces applet sums-up
the forces per pile slice over the pile length

http://cavity.ce.utexas.edu/kinnas/wow/public html/waveroom/Applet/WaveForces/WaveForces.html

Wave Period = | 9.32 sec 400007
——  Hertia Force ]

"Wave Length =| 100.0 m \
Wave Height =|3 Tt ——  Wiscous Force i
Watar depth =| 150 m ]
——  Taotal Force 1
Wave Speed = 10,72 misec |
-20000

Pile Diameter =| 0.5 m
Dirag Coef., 04 =| 1.0
Inertia Coef., Cm =| 2.0

Frame Speed =| 2.0 [1-10)
Forca Range = (20000 H

Max, Force onPila = 1354512 H

CE358 - Introductory Ocean Engineering Copyright: Prof. S.A. Kinnas, 2022

11


http://cavity.ce.utexas.edu/kinnas/wow/public_html/waveroom/Applet/WaveForces/WaveForces.html

Typical values of the drag and inertia coefficients

From APl’s (American Petroleum Institute)
Recommended Practice 2A-WSD (Dec. 2000)

for rough piles
marine growth) g ,,,

Cp ['since <ougher wioc. i Fhd

Note: The diameter of the &

pile, D, also increases with
marine growth

by Cox fov cmooth pi u&/ysﬂ‘wﬂ
(Q " \/ 2{: zgé.@wmm%qé&y/ﬁ/fo%

CE358 - IntroductoryOcea ngineering Copyright: Prof. S.A” Kinnas, 2022




Cp = 11-@

Madded . o dded measg ooql}/,
! .

Imyiscid _’/}@):-_ (o E%qu‘l\;mﬂ i twvicerd fov)

visews__177) 9 M , = ab >
———@/w [bo o(yn‘f’izj:egefwfeb, 4\4 ‘]/
. Jed

a/._

< Lecid Mass
2> “ . fazs +0?r/§qmv’0\ %W)
Qowgk // o Gyl M g dded bl => ol =
Scont ‘Lb
Vi Scoug \j\\/ (b H g ce bvated
oven ess gf&t"i wa (f
due te > o &L /



Total Force on Pile
(in the direction of wave propagation)

Total force = Viscous force + Inertial force

. ! |
Morison’s | @p D H2 +@p D2 H
equation —— R p—

Drag coefficient Inertia coefficient

Fﬂ‘iﬁ’, ~= (Viscous force> ‘ '

(Inertlal force

As @or @r H/D1 the viscous forces become more
. — —— —
uggortant
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Figure 2-6. Summary of linear (Airy) wave theory--wave characteristics.
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\%

Effect of wave height H

and diameter of element D
on importance of viscous

Gravity structures

and TBPs columng g

base —sbm—————

Semi- hulls —¢——n-

. lumns —ee—
submersibles bracing—t—cg- ns

forces

CE358 - Introductory Ocean Engineering

Jacket legs e
structures bracing —ste———t—
Jackup legs —ttampe
platforms bracing —
100

Wave
height
H,
metres

111

Diameter D, metres

1 1
10 2345 10 2030 50 100
40

Loading regimes at still water level (from Hogben*)
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An assessment of Morison’s equation using CFD
(Computational Fluid Dynamics)

Two Dimensional Cylinder in Oscillatory Flow
U=U, -cos(wt)

7

Two important numbers:

*Re (Reynolds No)=U,_D/v

*KC (Keulegan-Carpenter No)=U_T/D (T=271/®)
~(distance the particles travel in T)/D

CE358 - Introductory Ocean Engineering Copyright: Prof. S.A. Kinnas, 2022
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Morison’s Equation

The inline force (force in the direction of the flow) is the sum of the drag

force and the inertia force (per unit width)

] ] dU
F=—pC.DWU|U+=prD*C,, —
K Pop Ul 47 Yo dr

U=U,_-cos(wt)

C,, 1s the inertia coefficient
C, Is the drag coefficient

 we also define: C =

Copyright: Prof. S.A. Kinnas, 2022
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Grid in Fluent

Structured mesh is used in the calculation domain

Mesh Info

: 76680

Cells

y— F 17

e e S a0 1|
A
U

T

: 154190

Faces

: 77510

Nodes

e

T
AR

T T LA FLL T
BT LA T
F T
e R AT
R
i - T HH -
S
R P R
R T
TR
T
A A
1~ T AT il il
bt

17

, 2022

Innas

: Prof. S.A. Ki
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Predicted flow (vorticity) by Fluent: KC=2, Re=1070

(click on the movie to play)

| UsUm¥eos(wt) | | Sf

Movie here!

L/
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15

-15

Case |I: KC=2 Re=1070

—Fluent
-=--=Morison Equation

KC=2 Re=2070

C,=2.0
C,=0.93

CE358 - Introductory Ocean Engineering
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Predicted flow (vorticity) by Fluent: KC=12 Re=300,000

(click on the movie to play)

UsUm*cos(wt) | | /i

CE358 - Introductory Ocean Engineering Copyright: Prof. S.A. Kinnas, 2022
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KC=12 Re=300,000

Case |l

C,=2.0

300,000

Kc=12 Re

-=--=Morison Equatiop--~,

1.9 | = Fluent

-2.1

21

Copyright: Prof. S.A. Kinnas, 2022
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Case |l: KC=12 Re=300,000

1.7
—Fluent Kc=12 Re=300,000
===~ Morison ==~
1.2 - : *
equation [
]

0.7

-0.8 -

/| Morison equ.

! | misses details

Max C, OK

-1.3 A

shown in the lecture on Computational Hydrodynamics

Maybe due to luck...more needs to be done!!! Some newer simulations will be
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