The concept of Added Mass (1/7)

Solid moving with acceleration U inside quiescent fluid
'

Solid moving with I‘_’J P"R pressure vs. X

Resistive Force F_ : ‘ Fres =(P"'r —P"1)A —-gmadded?;U \

\,\/\/
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

(o)

P
u pressure vs. X

Fluid (moving with U ) <€—

) I:fluid

AP-A=mU= AP =2~
AN]SR AP=P —P

A ege ——— s )

________ Fﬂuid =AP-A = (PR _PL)A =

=mU =mg;, U
* 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 pressure vs. X
with a body inside it g b with body
@ AP IOJ
Solid (not moving) AP’ AP, = %R
pressure vs. X
without body
X

P'L =P, — (2AP — APy, — APy ) = P, — Y (AP — APy)
P,R — P,L = PR — PL + Z(AP — APiR) + Z (AP - APiL)

Fpody = (PR—P'L)A= (PR—P)A+Ym (U - UiR) +2m (U - UiL)

Fbody = Mgiq U+ 2. m (U - UiR) +),m (U - UiL)
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The concept of Added Mass (4/7)
Two Different Frames of Reference (for the same problem!):

Body is stationary q>= U>
and flow is moving ,

to the left with ——
speed U D

Flow is stationary
(far upstream) and body ds
is moving to the right
with speed U
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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 = Mpyiq U+¥m(U—Upg)+Xm (U-Uy)
Thus:

Foody = Myuig U + MyaggeaU= = (Mg iq + M yqeq) U

| Fbody — I:inertiaI=CM Miyuid U |

Inertia coefficient C,,

»my,;,;~mass of fluid displaced by body

>m, 4 4.—2added 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)

o]

U . Foogy = CyMyg U
_— \
\F 3 ~ : :
— o Mgy = Pagg Y ag= mass of diplaced fluid
e
—

V.4 = volume of displaced fluid

Mipia ¥ Magded _ 1 Madded _ 1 5

Mg Mg

C,,= 1nertia coefficient =

a = added _ 5qded mass coefficient (depends on shape + direction of flow)

My g

For a cylinder (circle in 2-D) V. ;=area of cross section = tD?/4

For a cylinder in inviscid unbounded flow: C,,=2 (a=1)
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(Inviscid) Added Mass 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.

\_/ |

]
my:  wpal Tob? | 0
My  TpQ Tpa’ npa®
mg: 0 impla® — b%)? : irpat

_T 2a
b
a
a
2a

my . wpla® + (b2 — a??/b¥] Toa? 4.754 pa? From Marine Hydrodynamics,
May:  Tpa’ ) Tpa® 4.754 pa® Newman, J.N., 1977
Mg - ¥ %pa‘“ 0.725 pﬂ‘l

*For the finned circle the added moment of inertia is given by the formula
mgs = pa*(w~'cscla [2a? — asinda + % sin?2a) — x/2)
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Morison’s equation for total force
in the direction of wave propagation

[Morison, J. R.; 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

Total force
(per unit width)

o=

}
lpDu|u|
2
/

Drag coefficient
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0

aD*
4

a

Inertia coefficient
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Application of Morison’s equation to determine forces on vertical piles

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

SWL___—_ L= ‘
___741%?:?44&\'}1 9=
d u__, - he sid Eotal(t)zE(t)+FD(t)
— view from the side
] F(0)= F, sin()
/////"////////////////// 2
view from th¢ te 4
0 F F(t)= FDm-|cos.9|cos.9
F, :CD%pg DH®-K

1 27d
K. = —tanh| —
2 L

o M 4wl
P8\ sinh[4md /L]
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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
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Typical values of the drag and inertia coefficients

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

-

* C,=0.65and C,,=1.6
for smooth piles

* C,=1.05and C,=1.2
for rough piles (due to
marine growth)

Note: The diameter of the
pile, D, also increases with
marine growth
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Total Force on Pile
(in the direction of wave propagation)

Total force = Viscous force + Inertial force

—— } !
Morison’s | F@}p D H2 _l_@p D2 H
equation

Drag coefficient Inertia coefficient
Viscousforce ~ Cp H
Inertial force Cy D

As H? or Dl or HID?1 the viscous forces become more
important
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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
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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
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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
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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
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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
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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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