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Ch. 2 Design Equations

1. Owner’s Requirements
2. Design Constraints
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Owner’s Requirements

M Ship’s Type

B Cargo Capacity: Cargo Hold Volume / Containers in Hold & on Deck / Car Deck
Area

B Water Ballast Capacity

B Service Speed at Design Draft with Sea Margin, MCR/NCR Engine Power &
RPM

M Dimensional Limitations: Panama canal, Suez canal, Strait of Malacca, St.
Lawrence Seaway, Port limitations

™ Maximum Draft (7,,,,)
M Daily Fuel Oil Consumption (DFOC): Related with ship’s economics

M Special Requirements
B |ce Class, Air Draft, Bow/Stern Thruster, Special Rudder, Twin Skeg

m Delivery day, with ( )$ penalty per delayed day
B Abt. 21 months from contract

B Material & Equipment Cost + Construction Cost + Additional Cost + Margin

sydlab -
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Principal Particulars of a Basis Ship

M At early design stage, there are few data available to determine
the principal particulars of the design ship.

M Therefore, initial values of the principal particulars can be
estimated from (called also as ’ "or
! "), whose main dimensional ratios and hull form

coefficients are similar with the ship being designed.

¥ The include main dimensions, hull form
coefficients, speed and engine power, DFOC, capacity, cruising
range, crew, class, etc.

Example) VLCC (Very Large Crude oil Carrier)
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Principal Dimensions and Hull Form Coefficients

M The principal dimensions and hull form coefficients decide many
characteristics of a ship, e.g. stability, cargo hold capacity,
resistance, propulsion, power requirements, and economic
efficiency.

M Therefore, the determination of the principal dimensions and hull
form coefficients is most important in the ship design.

M The length L, breadth B, depth D, immersed depth (draft) 7, and
block coefficient C; should be determined first.
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Design Constraints

In the ship design, the principal dimensions cannot be determined
arbitrarily; rather, they have to satisfy following :

1) constraint
- : Hydrostatic equilibrium »

2) constraints

- Owner’s requirements
Ship’s type, Deadweight (DWT)[ton],

Cargo hold capacity (V,)[n°], »

Service speed (V)[knots], » Daily fuel oil consumption(DFOC)on/wa
Maximum draft (7,,,.)[m],

Limitations of main dimensions (Canals, Sea way, Strait, Port limitations

: e.g. Panama canal, Suez canal, St. Lawrence Seaway, Strait of Malacca,

Endurance[n.m"],
1) n.m = nautical mile

3) constraints 1n.m = 1.852 km

International Maritime Organization [IMO] regulations,

International Convention for the Safety Of Life At Sea [SOLAS],

International Convention for the Prevention of Marine Pollution from Ships [MARPOL],
International Convention on Load Lines [ICLL],

Rules and Regulations of Classification Societies

ive Ship and Offshore Plant Design. Spring 2019 Myung:Il Roh ’!dln b o
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Physical Constraint

e Physical constraint
- Floatability

For a ship to float in sea water, the total weight of the ship (W)

must be equal to the buoyant force (F;) on the immersed body
» :

F. =w @

B

W=LWT+DWT

*Lightweight(LWT) reflects the weight of vessel being ready to go to sea without cargo and
loads. And lightweight can be composed of:
LWT = Structural weight + Outfit weight + Machinery weight

*Deadweight(DWT) is the weight that a ship can load till the maximum allowable immersion(at
the scantling draft(T,)).

And deadweight can be composed of:
DWT= Payload+ Fuel oil + Diesel oil+ Fresh water +Ballast water + etc.

ive Ship and Offshore Plant Design. Spring 2019 _Myung:ll Roh ’!dlnb i

o Physical constraint: hydrostatic equilibrium
Physical Constraint Fy=w )

W =LWT +DWT

V : the immersed volume of the ship.
p: density of sea water = 1.025 Mg/m?

(LH.S) What is the (Fg)?
According to the ,

the buoyant force on an immersed body has the same
magnitude as the weight of the fluid displaced by the body.

In shipbuilding and shipping

= . . society, those are called as
FB g IO V

follows :

Volume |:> Displacement volume Vv
Mass L) Displacement mass A,

v > Displacement A
Buoyant Force is the weight of the displaced fluid.

In shipbuilding and shipping society, buoyant force is called in
another word, displacement (A).

gdl b«
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Vi immersed volume
Vo : Volume of box

Block Coefficient (Cy) L length 5 breadth

T: draft

Does a ship or an airplane usually have They have a streamlined shape.

box shape?
1
M > =4
iz &

B

Why does a ship or an airplane has a streamlined shape?

They have a streamlined shape to minimize the drag force experienced
when they travel, so that the propulsion engine needs a smaller power
output to achieve the same speed.

B
Block coefficient(C,) is the ratio of the immersed volume to the box

bounded by L, B, and T.

N 4
v LBT

0X
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Vi immersed volume

|4 Vo : Volume of box
Shell Appendage Allowance Comppg L lenath s breatt
Cs : block coefficient

The immersed volume of the ship can be expressed by block coefficient.

V oia =L B-T-Cg

mo
In general, we have to consider the displacement of shell plating and
appendages such as propeller, rudder, shaft, etc. additionally.
Thus, The total immersed volume of the ship can be expressed as

following: V.=LBT-C,-(1+a)

total
Where the hull dimensions length L, beam B, and draft T are the
dimensions of the immerged hull to the inside of the shell plating,

thus a is which adapts the
molded volume to the actual volume by accounting for the volume of

the shell plating and appendages (typically about 0.002~0.0025 for large

vessels).

D\F,=g-pV,  =p-gL-BT-Cy-(I+a)

total ~—
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® Physical constraint: hydrostatic equilibrium

Weight Equation )

(RH.S)w =LwT + DWT

(LHS) Fy=p-g-L-B-T-C,-(1+a)

p : density of sea water = 1.025 Mg/m?

o : displacement of shell, stern and appendages
Cy : block coefficient

g gravitational acceleration

p-g-L-B-T-C,-(1+a)=LWT + DWT..<2)

The equation (2) describes the physical constraint to be satisfied in ship
design,

i Ship and Offshore Plant Design. Spring 2019 _Myvung-1l Roh ’!dln b 15
. . . o Physical traint: hydrostati ilibri
Unit of the Lightweight PSSR

and Deadweight

7

p-g-L-B-T-Cy-(I+a)=LWT +DWT -(2)

€
fg What is the unit of the lightweight and deadweight?

gdl b
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Weight vs. Mass

Question: Are the “weight” and “mass” the same? ‘;’fz

Answer: No!
is a measure of the amount of matter in an object.

is a measure of the force on the object caused by
the universal gravitational force.

Gravity causes weight.

Mass of an object does not change, but
its weight can change.

For example, an astronaut’s weight on the ) Mass = 120 kg
. . Moot — Weight = 200 N
moon is one-sixth of that on the Earth. e

But the astronaut’s mass does not Chaﬂge. g, gravitational acceleration on the moon

8. - gravitational acceleration on the earth

l!dlﬂb 17
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o Physical constraint: hydrostatic equilibrium
F,=W (1)

Mass Equation

In shipping and shipbuilding world, is used instead of
for the unit of the lightweight and
deadweight in practice.

Actually, however, the weight equation is “mass equation”.

ATTENTION

p-L-B-T-Cp-(1+a)=LWT +DWT ..(3)

where, p = 1.025 Mg/m3
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(2) Economical Constraints
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Volume Equation
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Economical Constraints: Required Cargo Hold Capacity
®» Volume Equation

e Economical constraints

- Owner’s requirements (Cargo hold capacity[m3])
- The main dimensions have to satisfy the required cargo hold
capacity (V)-

Vew = f(L,B,D)

- It is checked whether the depth will allow the required cargo hold
capacity.

ive Ship and Offshore Plant Design, Soring 2019 _Myung-Il Roh ’!dln b 21
Service Speed & DFOC
(Daily Fuel Oil Consumption)
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Economical Constraints : Required DFOC (Daily Fuel Oil Consumption)
®» Hull Form Design and Hydrodynamic Performance Equation

M Goal: Meet the Required DFOC.

At first, we have to estimate QSS
total calm-water resistance of a

ship

EHP= V.

Then, the

Ship speed

)
« Total calm-water

resistance (R (V)

can be predicted by :
estimating propeller efficiency,
hull efficiency, relative rotative
efficiency, shaft transmission
efficiency, sea margin, and engine
margin.

lgdlﬂb 23
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Economical Constraints : Required DFOC (Daily Fuel Oil Consumption)
» Propeller and Engine Selection

(1 EHP (Effective Horse Power)
<:I Resistance Estimation %:’\:'\: N

EHP :MVS (in calm water)
.

(2 DHP (Delivered Horse Power) AR -

DHP = @ (7p PFUEJU|SiYe éfficiency)
Mp =Mo" 1g

o | 1, : Open water efficiency
My« Hull efficiency

1z : Relative rotative efficiency
(3 BHP (Brake Horse Power)
DHP
BHP ==
r

( 777 : Transmission efficiency)

<:I Propeller Efficiency

Thrust deduction and wake
(due to additional resistance by
propeller)

Hull-propeller interaction

@ NCR (Normal Continuous Rating)
Sea Margin

NCR = BHP(1+
100

)

(5) DMCR (Derated Maximum Continuous Rating)

NCR
DMCR=— R . .
Engine Margin I:> Engine Selection

® NMCR (Nominal Maximum Continuous Rating)

DMCR .
NMCR=—— " —— <: Engine Data

B Derating rate

24
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(3) Regulatory Constraints
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Regulatory Constraints
- Rules by Organizations

M International Maritime Organizations (IMO)

M International Labor Organizations (ILO)

M Regional Organizations (EU, ...)

M Administrations (Flag, Port)

M Classification Societies

M International Standard Organizations (ISO)
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IMO (International Maritime Organization)

IMO

(International Maritime Organization)

Conventions, Circulars,

170 Member States Protocol, Codes

k‘IVA-I-
rain i

C National Rules and Regulations

S —

Ny

3 Associate Members

Ship and qﬂd\nrﬂ Plant Design, Spring 2019._Mvung-Il Roh. ’!dlnb 27
IMO Instruments
M Conventions
/ / / COLREG / ITC / AFS / BWM ......
M Protocols
® MARPOL Protocol 1997 / ICLL Protocol 1988
M Codes
mISM/LSA/IBC/IMDG/IGC/BCH/BC/GC......
M Resolutions
B Assembly / MSC / MEPC
M Circulars
® MSC / MEPC / Sub-committees ......
lnnovative Ship and Offshore Plant Design. Soring 2019, Myung:l Roh ’g.imumuu_d‘nb 28
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Regulatory Constraints
- Rules by Classification Societies

M 10 Members
B ABS (American Bureau of Shipping)
DNV (Det Norske Veritas)
LR (Lloyd’s Register)
BV (Bureau Veritas)
GL (Germanischer Lloyd)
KR (Korean Register of Shipping)
RINA (Registro Italiano Navale)
NK (Nippon Kaiji Kyokai)
RRS (Russian Maritime Register of Shipping
CCS (China Classification Society)

M 2 Associate Members
B CRS (Croatian Register of Shipping)
® IRS (Indian Register of Shipping)

General
Policy
Group

) Working
Group

Permanent
Representative
to IMO

IACS

INTERNATIONAL ASSOCIATION
OF CLASSIFICATION SOCIETIES

ive Ship and Offshore Plant Design. Spring 2019 _Myung:ll Roh
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Required Freeboard
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Required Freeboard of ICLL 1966

e Regulatory constraints
- International Convention on Load Lines (ICLL)1966 FP

DF -T 2 Fb[CLL(LaBaDmldaCB)

v Check : Actual freeboard (Dy;, — T) of a ship should not be less
than the freeboard required by the ICLL 1966 regulation (Fb;.;;).

Freeboard (F5) means the distance between the water surface and the top of the
deck at the side (at the deck line). It includes the thickness of freeboard deck
plating.

- The freeboard is closely related to the draught.

A 'freeboard calculation' in accordance with the regulation determines
whether the desired depth is permissible.

ive Ship and Offshore Plant Design, Soring 2019 _Myung-Il Roh ’!dln b 31
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Required Stability
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Definition of GZ (Righting Arm)

T =GZ-F,

re

GZ:

> rydlab =
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Damage of a Box-Shaped Ship (GZ Curve)

ompartmentZCompartment: . .
Immersion |+ Trim + Heel

¢

v To measure the damage stability, we should find the a statical stability curve(GZ
curve) of this damage case by finding the new center of buoyancy(B) and center
of mass(G).

Statical Stability Curve
(GZ Curve)
o . GZ . . 6,: Equilibrium heel angle
Y s b we |06 -
e e g i e 0,: minimum(é,,6,)
i q .
- 96 b \Hf (in this case, 0, equals to 6,)
y T > GZ,,. Maximum value of GZ
|
il ! Range : ' \ Range: Range of positive righting arm
i t t
0 10 20 30 40 50 Flooding stage: Discrete step during the flooding
Heeling Angle
process
6; Angle of flooding (righting arm becomes negative)
6,: Angle at which an “opening” incapable of being closed weathertight becomes submerged
i St Pt e oo 2015 sl sydlab o«

2019-07-22

17



Structural Design
in accordance with the Rule of
the Classification Society

ship and Offshore Plant Design. Spring 2019, Myung:Il Roh
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Regulatory Constraint:
Ship Structural Design in accordance with
Rule of the Classification Society

cause

Shear Force: V(x)
Bending Moment: M (x)
Deflection : y(x)

® Ship Structural Design i
"':

6,4 - Actual Stress

o, : Allowable
Stress

€. H
. . . _ ” H
i.;what is designer’s major interest? N e
H dx Todx
H ) _
° Safety;..ﬁ : IS = M)
Won't 3t :fail under the load? x = -
A ﬁwhat is our interest?

How much it would be
bent under the load?

T
i what kinds of load f cause hull girder moment?

_ ‘MS + MW ‘ , | Mg = Still water bending moment
- 7 My, = Vertical wave bending moment

mid

P L L L L L L L L L L T T T PP PP PP PPP PP PP

a shi ° Safety: Stress should
! p } global Won't it fail under the where o, =Y
a stiffener } ocal i | roaa? T
oca H
a p|ate L Geometry: Differe: tions of the defection curve

V(x)=Vs(x)+V, (x)
M (x)=My(x)+ My (x

fwx): load in wave
= added mass + diffraction
+ damping + Froude-Krylov + mass inertia

Hydrostatics fg(x) : load in still water : Hydrodynamics
= weight + buoyancy H
f(x) :1oad instill water I e O f e i fyy (x) :1oadin wave
s L8P = 530 T =10 5. P 20 1 HA

. x> L .
Vo(x) = [ fo () \ i Vi () = [ fir (x)dx
il \ ;
VS (X)) : still water shear force N q‘ _ Vy (x) : wave shear force
M (x) = [ Vs (x)dx : My (x) = [V (x)dx
2 g i
weight :
M ¢ (x): still water bending I IR M, (x): vertical wave bendirg

{suomu) sq - 30404

DYNAMIC HEAVE FORCE COMPONENTS
WAVE CREST AMIDSHI

= LBP =520 ft, T =105, h,= 20 ft
added mass

! \iﬁqil‘fmclio
ST
Yo 70

I

= N

damping

24 —
o B 6 W 2
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Regulatory Constraint:
Ship Structural Design in accordance with
Rule of the Classification Society

® Ship Structural Design
1:

.
(;‘;What is designer’s major interest?

® Safety:..,
Won't *It fail under the load?

a ship }global
a stiffener }
late local

TN <Midship section>

4

b ’ Upper Deck

L
Actual stress on midship section should How we can meet the rule?
be less than allowable stress.

- NAT)
o ‘Midship design’ is to arrange B.L.

act. < allow| , _ My, _ M. +M, the structural members and

“ Z,u  Luw./7 fix the thickness of them to
Allowable stress by Rule : (for example) Secure enough section
s Oy =175/, [N/mm*] modulus to the rule.

.M, :vertical wave bending moment

ill water bending moment

1, s momentof inertia from N.A. of Midship section

ive Ship and Offshore Plant Design. Spring 2019 Myung:Il Roh ’!dln b 37

Hydrostatic and Hydrodynamic Forces
acting on a Ship in Waves
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Equations of Motion of a Fluid Element
From Cauchy Eq. to Bernoulli Eq.

v'Equations of motion
of a Fluid Element

Newton’s 2" Law
mi = ZF = (Body force

+ Surface force)

Lagrangian &
Eulerian Description

Cauchy
Equation

@

@

Navier-Stokes
Equation

Consideration of ~N
shear force

Curl & Rotation

Euler 5 Bernoulli
Equatlon Equatlon
®

Mass 5 o)
m‘;’fé;%'?lfc’ ﬁ:onservation ELaplage ."{ Vo =0 J : [,07 +P+fp‘V<l)‘ +pgz= OJ
Derivation (RTT") Law quation (V=va) : ot 2

J

@ Newtonian fluid: Fluid whose stress versus strain rate curve is linear.

@ Stokes assumption: Definition of viscosity coefficient (u, A) due to linear deformation and isometric expansion

@ Inviscid fluid

@ Irrotational flow

® Incompressible flow

v displacement of a fluid particle with respect to the time

,_dr
a5

dI:

1) RTT: Reynolds Transport Theorem

* Lagrangian specification of the flow field: a way of looking at fluid motion where the observer follows an individual fluid parcel as it moves through space and time.
* Eulerian specification of the flow field: a way of looking at fluid motion that focuses on specific locations in the space through which the fluid flows as time passes.

ship and Offshore Plant Design. Spring 2019, Myung:Il Roh
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Equations of Motion of
a Fluid Element and Continuity Equation

1) Kundu, P.K., Cohen, I.M., Fluid Mechanics 5“, Academic Press,2012
* A Newtonian fluid: fluid whose stress versus strain rate curve is linear.

** Definition of viscosity coefficient(u,A) due to linear deformation and isometric expansion|

Cauchy Equation:
dt

pﬂ =pg+Veo ,(V:[u,v,w]r)

( Newtonian fluid*
(@ Stokes assumption**

(in general form)

Navier-Stokes Equation: p% =pg—VP+y(%V(V-V)+VZVJ

(=0 ® inviscid fluid

Euler Equation:

s

p p(P) ! ! @ Barotroplc flOW (A fluid whose density is a function of only pressure.) i

Continuity 6/0
Equation ot *VepV=0

@ Incompressible flow
p = constant, (l = 0]
ot
VeV =0

® Irrotational flow
(V=vo) »

Laplace
Equation

V=0

Euler Equation: OV
(another form) 5

+VB=Vx® [B—%q +gz+I—

0=VxV
If @=0, (irrotational flow)
thenVxV =0

(® Steady flow
(5
ot

Bernoulli B = Constant

Equation
LI z+IE:C
2‘1 g P

along the streamlinesi
and vortex lines

(Case 1)

(47 =val)

@O

If VxV=0,then’V=V® .

Bernoulli aq)
Equation 6t

(Case 2)

Newtonian fluid,
Stokes assumption,
Inviscid fluid,

(p = constant)

Unsteady flow,
Irrotational flow,

Bernoulli
Equation
(Case 3)

oD

—+1\V®\2 +gz+£
o 2 P

=F@)

Incompressible flow

40
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M ea n i ng Of F (t) in BernOu I Ii Eq uation the total pressure and atmospheric pressure

1) Gauge pressure: The net pressure of the difference of

and Gauge Pressure i}
9 T P ZP(w'.'i"i‘.w vy v [r—
X A b o (s YN
| Bernoulli Equation | i |: 4
62+£+1‘V(D‘2+g2=F(t) oo | |1
o p 2
v'What is the pressure on the bottom of an object ?
P
o aq) Bottom 1 2 Pm‘m
e 4 VP[4 gz =
Wi o 2 ,
_, 000000 L
000000 82 o+ Priia +1‘VCD‘2 +gz :%
T el e
If a fluid element is irfstatic equilibrium state o or + F;'d '+E‘VC[>‘ +gz=0

on the free surface (z=0), then

o
——=0,V®=0, P=P,
a[ atm

%‘Z/+£+l\yf§\z+g/:m) — Lam gy
t p 2 P

(Atmospheric pressure (Py,)) =

(Pressure at z=0)

‘gauge pressure’

% In case that R.H.S of Bernoulli equation is expressed
by zero, pressure P means the pressure due to the fluid
which excludes the atmospheric pressure.

If the motion of fluid is small, square term could be neglected.

ag_FPF/md +M+gz=0
ot Yol

oD
62 +£ +l‘vq)‘2 +gz= % Pou= —PE —pgz=0  ‘Linearized Bernoulli Equation’
ot 2 —
P P Fowanic P, Ll
r: displacement of particle with respect to time / Assumption
Pressure and Force N P ot o e ® Newtonian fluid*
a T ar »: Diffraction force

acting on a Fluid Element

@ Stokes Assumption**

Fy: Radiation force U
@ invicid fluid
1) RTT: Reynolds Transport Theorem

2) SWBM: Still Water Bending Moment NN @ lrrotational flow s
3) VWBM: Vertical Wave Bending Moment ® Incompressible flow

of Fluid Particles

v Equations of motions | Lagrangian &

Curl & Rotation

Newton’s 2™ Law
mt = F = (Body for

- csurge L&, zroll Macroscopic Conservation
& : pitch Derivation{FTT"| Law
W

: cheave £, yaw

r:[fl,fz,fs,@,fj,fé]l Microscopic/ F Mass

way

Eulerian Description Shear force
7 —

>
Cauchy Navier-Stokes Euler Bernoulli
equation 5 equation equation e equation

ELaplace A v =0 ; oD 1 2 _
Equatmn. { (V=va) pat +P+2p‘V‘I)‘ +pgz=0

(— Velocity potgntial ® v'Calculation of

Fluid Force

@ = @, (Incident wave potential)

+®, (Diffraction potential) Linearization

1 .
+®, (Radiation potential) ‘3 y (?)‘W‘ ’0)
: P=-pgz—p—
1 | 7z ot

x
[Fn,,,‘mr,f,f) = [[pnds :FE,,”,W,‘<r)+FFK<r)+FD<r>+FR<r,f,f)]

i

N (S, : wetted surface area) )

* A Newtonian fluid : fluid whose stress versus strain rate curve is linear.
** Definition of viscosity coefficient(u,A) due to linear deformation and isometric expansion

Innovative Ship and Offshore Plant Design, Sopring 2019, Myung:Il Roh
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wa%p\vq%pgz:o

Forces acting on a Ship in Waves (1/2)

P v Pressure due to the fluid elements around the ship in
wave
w : Velocity, acceleration, pressure of the fluid elements are
changed due to the motion of fluid, then the pressure of

fluid elements acting on the ship is changed.

Static

Linearization _ i
/\MIdent wave velocity potential (@, ) v Total Velocity Potential
v Velocity potential of incoming waves that (DT = (DI + (DD + (DR
are independent of the body motion
Superposition theorem
————————— s For homogeneous linear PDE,
Diffraction wave velocity potential ((I) ) the superposed solution is
f also a solution of the linear
v Velocity potential of the disturbance of the PDE?2,
Fixed incident waves by the body that is fixed in
N
position S o0,
,,,,,,,,, I —————Y—i it i iiiii i Il STPESL
P Radiation wave velocity potential ((D R) L
f Friu = jSPndS

v Velocity potential of the waves that are
induced due to the body motions, in the =F . +F. +F, +F,
absence of the incident waves."

1) Newman, J.N., Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp.287 43

2) Erwin Kreyszig, Advanced Engineering Mathematics, Wiley, 2005, Ch.12.1, pp.535

@, : Incident wave velocity potential

Forces acting on a Ship in Waves (2/2#% Diffracton potenti

@ ,: Radiation potential

v’ Laplace Equation
VO =0

v Bernoulli Equation

p%+P+WZ+ng:O

Linearization

=], +0,+D,

Linear combination
of the basis solutions

Basis solutions

dF : Infinitesimal force of the fluid
elements acting on the ship

dS : Infinitesimal Area

N : Normal vector of the
infinitesimal Area

[Efééff]

& theave £, yaw

| ship

NN ob, oD, ob
Poia (0, 1,F) = —pgz — p— _u—pg } p(il_;,_iD_,,_ RJ
o ot ‘et ot ot _ot

[ Buovam) (r)+ PFK(r) + P (r) +P (r r r)

Pressure of the fluid
elements acting on the

dynamic

- = ¢ ¥ v v
P = Fyppaney (D) +Fp o () + Fy(r) +F,(r,r,7F)
(S, : wetted surface)

Integration over the wetted surface area of the ship
(Forces and moments acting on the ship due to the fluid elements)

Fp, (X E,F) = J‘J‘s P ndS
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Hydrostatic Pressure and
Buoyant Force acting on

3 Pressure: Force per unit area applied in a direction
perpendicular to the surface of an object.

To calculate force, we should multiply pressure by area and
normal vector of the area.

a Ship

: Force acting on the upper differential area

v What is the force ac_t_ing on the bottom of an bb_j_éct? dFr

op

I)T()p = I)aIm_.
¥ IV by v

1%

- - /
= P=F,. gz

= PTap 'nldS PTop = thm 7pg0
n, =-k

\ n,: Normal vector

E
dS : Surface area

L

dF = dFTop Bottom
= PTop : nldS + Rgoffom : nZdS

= P=K)dS + (P, — pgz)kdS
=—pgzkdS =k(-pgz-dS)

: Force due to the atmospheric pressure is vanished.

P Bottom — Rﬂm — pgz
= PBoliom ! n2dS n2 =k

: Force acting on the lower differential area

dF

Bottom

F= de = ﬂ PndS (P =P, =—pgz)
S

Static fluid pressure excluding
the atmospheric pressure.

=—pg|[nzds
Sy

Cf) Linearized Bernoulli Eq.

oD
P=—pgz—p—
ot
[
P

vaic Fonanic

i

Hydrostatic Force and Moment acting on a Ship

In case that ship is inclined about x- axis
(Front view)

(S, wetted surface), o

= Hydrostatic force (Surface force) is calculated by integrating
the differential force over the wetted surface area.

v Hydrostatic force acting on the differential area
dF =P-dS=P-ndS

P is hydrostatic pressure, P

P=F, . =-pgz
dF =P, -ndS=-pgz-ndS

v Total force

F = ([ Pnds | F= —pgj;;[zndS

(S, wetted surface area)

(Hydrostatic ffprce acting on the differential area)|
dF = PdS = PndS
P=P

static

=—pgzndS

(Differential area)

dM =r xdF
(Moment acting on

the differential area) r

= Hydrostatic Moment : (Moment) = (Position vector) X (Force)
v" Moment acting on the differential area

dM =rxdF =rx PndS = P(rxn)dS

v Total moment

M= ”P(rxn)dS |:> M = —pg”z(rxn)dS
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Buoyant Force

v Hydrostatic force

2) Erwin Kreyszig, Advanced Engineering Mathematics 9", Wiley, Ch. 9.9, p.z'114~417
F=-pg J- J. zndS

(S : wetted surface area)
SE

By divergence theorem"),

( Jf 7ona- mvmj

szgjﬂdeV [VZ’_ZZC +2;]+%k kj
=kpg”jdV ______

i When ship moves, the displacement volume (V) of the shlp is changed W|th time. !
un
= kpg[/(t) i That means V is the function of time, V(t).

: The buoyant force on an immersed body has the same magmtude as the welght of the fluid

displaced by the body"). And the direction of the buoyant force is opposite to the gravity
(=Archimedes’ Principle)

X The reason why (-) sign is disappeared.

: Divergence theorem is based on the outer unit vector of the surface.

Normal vector for the calculation of the buoyant force is based on the inner unit
vector of the surface, so (-) sign is added, and then divergence theorem is applied

ship and Offshore Plant Design. Spring 2019, Myung:Il Roh
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1) Erwin Kreyszig, Advanced Engineering Mathematics 9t, Wiley, Ch. 10.7, p.458-463

1) Erwin Kreyszig, Advanced Engineering Mathematics 9t, Wiley, Ch. 10.7, p.458-463
Hyd rostatic M o e nt 2) Erwin Kreyszig, Advanced Engineering Mathematics 9, Wiley, Ch. 9.9, p.414-417

v" Hydrostatic moment

M= —pg” (r x “)ZdS = pg” (nxr)zdS (S wetted surface) = fz'
Sy Sy

By divergence theorem" ,

[JJIVdeV:J;IandAJ

M :—pgjj_[(v x r)zd 14

L, Because direction of normal vector is opposite
(-) sign is added

2 |1 ] k
V><rz—ﬁ 9 9 i Ez 2 0 (ﬁxz—gzzj+k 9 z—ixz =—iy+jx
x o o \ay- & ) NaT & " oy v
xz yz z°
Mz—pgj”[—ly+])€]dV

79dlab - |
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. r: displacement of particle with respeet to time v Assumption
Hydrodynamic Forces Fr v Froude Ko force © Newtonian flic
=Tt Fy: Diffraction force et N
Calculated from 6 DOF (Degree of Freedom) A F2: Radiation force @ Stokes Assumption
Equations of Ship Motions (1/2) 1) RTT: Reynolds Transport Theorem @ ivicid fluid
2) SWBM: Still Water Bending Moment = @ lrrotational flow
KU 3) VWBM: Vertical Wave Bending Moment ® Incompressible flow
v Equations of motions | Lagrangian &
of Fluid Particles Eulerian Description [ ¢y ¢ ca Curl & Rotation
Newton’s 2n Law
) o Cauchy Navier-Stokes Euler Bernoulli
mi => F = (Body force
— y Equation ¥ .  Equation -Y Equation -y Equation
+ Surface force) (1)(2) 3) @5

Microscopic / Mass i) Laplace V:(D =) oD 1 2
Macroscofic Conservation = p—+P+ —p‘V(D‘ +pgz=0
Derivatior (<17 Law Equation (V=vao): 2 -

or

v6 D.0.F equations of motions | B Velocity potgntial @D +Calculation of
Fluid Force

©= @, (Incident wave potential)

@ Coordinate system (Reference frame)
(Water surface-fixed & Body-fixed frame) +®@, (Diffraction potential)

@ Newton’s 2" Law +®; (Radiation potential}
My = ZF =(Body Force)+ (Surface Force) P=—pg=—p

Linearization

o0

ar

"\+F:i'l'l+F;-ll'.l'.l'.\]

= Fgrmily (r) + : E'lwd (l', l.‘7 l') _ll‘_ 7l

= Fgrawry + FBunyancy (l‘) + Fl".K (l‘) + FD (l‘) { ,S'_;: wetted surface)

+ FR,Dumping (r,r)+ F pass (r,i)

i) = [[PudS =Fgppr, (1)+F,

(displacement: r:[é,gz,é,fwfs,@]r)

Nonlinear terms ® Nonlinear equation Siisurge &yt
=» Difficulty of getting analytic solution & isway & pitch
& theave & :yaw
\ Numerical Method J .

1 F.x: Froude-Krylov force @, : Incident wave velocity potential
Hydrodynamic Forces F2Diffracion force ' P
Calculated from 6 DOF (Degree of Freedom) Fg: Radiation force @ ,: Diffraction potential
Equations of Ship Motions (2/2) ® ,: Radiation potential )

B S T

(v Surface forces: Fluid forces acting on a ship
Fppq(r,K,1)= J.L PndS =F, (r,r,¥)+F,  (r,r,¥)+F, (r,r,)+ F, (r,k,F)

uoyancy

: Fluid forces are obtained by integrating the fluid hydrostatic and hydrodynamic

pressure over the wetted surface of a ship.
L L
\

>
v 6 D.O.F equations of motion
Newton’s 2" Law

= F + | +F

gravity external

Body force Surface force

JF: Force of fluid sloments Mi =iF,,,, ()} Fyuoyancy 00 0) + Frnamic (00 ) 4ot manie + Foserat, s
acting on the infinitesimal
surface of a ship Assume that forces are constant or proportional to the displacement, velocity and
dS': Infinitesimal surface area acceleration of the ship.
1 : Normal vector of the L - : e
infinitesimal surface area Mr = Fgmvny Fguqmmy (1) +F, ((r)+F,(r) + FRADampmg (r,r)+ Fr stass (r,F) +F, . dmanic a
. :E H !
r:[éhéz?é}’éfl’éﬁéé] q P,

&surge & roll

M, :66 added mass matrix
Y B:6x6 damping coe matrix
&y theave &i:1yaw  C:6x6 restoringcoeff. matrix

y & pitch

fanovative Shio and Offshore Plant Desion Soring 2019 Mwing:ll Roh f!dlﬂb 50
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Shear Force and Bending Moment in Waves

v Equations of motions | Lagrangian &
of Fluid Particles Eulerian Description

Shear force Curl & Rotation
. L
Newton’s 27 Law ‘ X § §
i Cauchy Navier-Stokes Euler Bernoulli
mi => F = (Body force
— Equation Equation Equation =y . Equation
+ Surface foree) A5

e
Mass @5 - L —
Microscopic / | 20 — ; oD 1 2
Macroscop Conservation Laplace v ‘P =0 |: p—+P+ —p‘T(D‘ +pgz=0
Derivatior (<17 Law Equation (v=vo)il" & 2 £

¥'6 D.0.F equations of motions Velocity potgntial @

(1) Coordinate system

(Waterplane Fixed & Body-fixed frame) +®@, (Diffraction potential)
3y W e nd W
2 Newton’s 277 Law D (Radiation potential)

D= ‘I’: {Incident wave potential)

+"Calculation of
Fluid Force

Linearization

(a, : Acceleration induced
due to the heave &
. pitch motion)

Sex s Jo>—axna.

- bzz Vo fsmm

Mon-linear terms — MNen-linear equation
— Difficulty of getting analytic solution

MNumerical Method

Mr = Z F = (Body Force)+ (Surface Force) P=-pg-—p g
(r) - E, (rrr) {F-- . F) = ||les = Fpmy (1) F; "w+F:ﬂ'1'|+F;-:1'.r.1'_w]
T FS; a (l‘) F (l‘) F ( ) ot wetted surface)
+F Demping (r.r)+Fg —m(X)a, , femim v'Shear force (S.F.) &

Bending moment (B.M.)

Shear force (S.F)

¥ Integration
Bending moment (B.M.)

Shear Forces and Bending Moment in Waveg: i

adiation force

: Relationship with NAOE Und

Ship Hydrodynamics, Dynamics 1) SWBM: Still Water Bending Moment
rid. o) 3) VWBM: Vertical Wave Bending Moment

raduate Courses

-Krylov force ¥ Assumption

(@ Newtonian fluid*
(@ Stokes Assumption**
@ invicid fluid

@ Irrotational flow
® Incompressible flow

Equations of motions | Lagrangian &
of Fluid Particles Eulerian Description|ear stress

’s 9nd
N_e_wian _S ;n g L?W Eﬂjchy Navier-Stokes ¢ Eu
k= 2 F = (Body force Equatlon

£

N
Curl & Rotation

ler $ Bernoulli

Equation Equation Equation
+Sulfdce force) q @ q @@ q [ 4
) - V =Vd): v
3 Mass @ j: oD 1 2 2
nservat{ raineering Math V®=0 |i|p—+P+—= p‘VCI)‘ +p2z=0
: pitch] Microscopic/ aw 2"5 % p | ot 2
heave .2, v Macroscopic Derivation(®TT") [~ (2"-year undergraduate) | ! Yy,

v6D.0.F equations of motioq Behavior of ship and its control ocity potential @

(3rd-year undergraduate) . .
@ Coordinate system Dynamics (2"-year undergraduate) p= CDI (Incident wave potenti

(Waterplane Fixed & Body-fixed frame)
@ Newton’s 2" Law

Mr = ZF =(Body Force)+ (Surface Force

+®, (Diffraction potential)

+®, (Radiation potential)

P=—pgz-
| S e

v'Calculation of
) | Fluid Force

Ocean environment
Information system
(3¢ -year undergraduate)

AV =0

D (3:d-year undergraduate)

Naval Architecture Calclmation (Ship Stability)

=F, (@ + Fp, 0P < {Freeo5:5)= [[.PRAS =By ()4 (1) + (1) 4 F (0, f)]
:ﬂﬁFg’m' + FE"”J“”” (l‘) + FF'K (l‘) + FD (l‘) \ Ship Structural Design system g#::ﬂ;umri?tsatla%fc?a”nme )

(2nd-year undergraduate)

(2d-year undergraduate) (a, : Acceleration induced

Non-linear terms — Non-linear equation

ﬂ X due to the heave &
— Difficulty of getting analytic solution 'B.M . pitch motion)

fo s —asa. .
. Design Theories of SKip ana Offshore Plant |’ -
k Numerical Method J_> (3rd-year undergraduate) 7b33V: 5 fm,“

Bending moment (B.M.)

Shear force(S.F)

¥ Integral
Bending moment(B.M.)

2
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Roll Period

ive Ship and Offshore Plant Design. Spring 2019 Myung:Il Roh

lgdlﬂb 53

Required Minimum Roll Period

- For example, min. 12 sec

1,: added moment of inertia
b : damping moment coefficient

;
Mg
Il‘

Li¢
|

i motion of a ship:

I

G: Center of mass of a ship

B: Center of buoyancy at initial position
F; : Gravitational force of a ship

F; : Buoyant force acting on a ship

M : Metacenter

Derivation of the equation of roll

> 7 (Euler equation)

= z-body + Tsw_‘face

—
- Tgmvity +7 Sfluid

S l
= Tgmvi{y + Thydr().\'tati(‘ + TF K + Tdi/]mcti(m +7

; 7 T
=7 * —1,§—bg

r Tﬁxciting
(add mass)

radiation

7, =GZ - F,
~ GM -sing-F,
=GM -sing- pgV’
~GM -¢-pgV

= _ng : GM .¢+ Texciting - [a¢ _b¢

Equation of roll motion of a ship

~(I+1) ¢+bh+(pgV-GM)-¢=r,

xciting

hip and Offshore Plant Design, Spring 2019, Myung-Il Roh
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Calculation of Natural Roll Period (1/2)

(] + ]H) . ¢ + b¢ + (ng . GM) . ¢ = Texd"_ng <—|Second Order Linear Ordinary Differential Equation]

- Objectives: Find the natural frequency of roll motion
: No exciting moment (TL,X(.;,i,,g =0)
- Assumption: No damping moment (b$=0)

(I+1,)-¢+(pgV-GM)-$=0

ﬂ Try: g=¢"

(I+1,)-2%-" +(pgV-GM)-e" =0
{I+1,)- 2 +(pgV -GM)}-e" =0
(I+1,)-2+(pgV-GM)=0, (¢ #0)

PR pgV-GM .
SRR Y S

pgV-GM . _ |pgV-GM .
g Ay I+1, I+1,
L p=Cet e =Ce' T 1 eV

ive Ship and Offshore Plant Design. Spring 2019 _Myung:ll Roh

lgdlﬂb 55

Calculation of Natural Roll Period (2/2)

peV-GM . _ [pgrGu
1+ 1+
¢p=Ce © +Ce ‘

ﬁEuler’s formula (¢ = cos g +isin §)

Angular frequency (@)

2
Because @ =——, the natural roll period is as follows:

I+1,
=27 |[———*—
pgV-GM

hip and Offshore Plant Design, Spring 2019, Myung-Il Roh
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Effect of GM on the Natural Roll Period

Roll period
_ 1+1,
- pgv-GM
(Assumption) [ + [ = (k-B)2 pV g gt gg;:gig ;g: Lua':lali’ficfn"(?,ﬂgf”
k-BY -p-V
T,=2rx @
p-gV-GM
zj;m_ﬂ hip in a light condition rol_,| quickly
oM Does a s ndition S
y or slowly? What does this indi
2-k-B
"o |

Approximate Roll period of ship

That is, a stiff ship or crank ship (heavy), one with a large metacentric

height will roll quickly whereas a tender ship (light), one with a small
metacentric height, will roll slowly.

ive Ship and Offshore Plant Design. Spring 2019 _Myung:ll Roh ’!dlnb 57

Effect of GM on the Tangential Inertial Force
due to the Roll Motion

<Container Carrier>

Tangential
inertial force

hip and Offshore Plant Design, Spring 2019, Myung-Il Roh ’gdi“ ln‘ bn 58
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Effect of GM on the Angular Acceleration ”’:JPE’}Z}GM
of a Ship '
Roll motion of a ship:
¢=C cos(w-t)+C,sin(w-1)
¢=C’+C,’ cos(w-1+ ). B:phase
Angular acceleration of a ship:
¢ =\C’>+C,> 0 cos(w-t+ )
= Ao’ cos(@-t+ ) ,(A=1C>+C,?)
ive Ship and Offshore Plant Design, Soring 2019 _Myung-Il Roh ’!dlnb 59
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