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Table of most frequently used acronyms not relating to ITTC Symbols

Acronym

Definition

AC

Advisory Council

EC

Executive Council

BIPM

Bureau International des Poids et
Mesures

CFD

Computational fluid dynamics

COG

Course over ground

EFD

Experimental fluid dynamics

GNSS

Global navigation satellite system

GPS

Global positioning system

GUM

Guide to the expression of Uncer-
tainty in Measurement

HSMV

High-speed marine vehicle

IMO

International Maritime Organization

ISO

International Organization for
Standardization

JCGM

Joint Committee for Guides in Me-
trology

JCGM-WG1

JCGM Working Group 1

JCGM-WG2

JCGM Working Group 2

LDV

Laser Doppler velocimetry

MSC

Marine Safety Committee

NMI

National Metrology Institute

PIV

Particle imaging velocimetry

SOG

Speed over ground

SPIV

Stereo-PIV

uv

Underwater vehicle

V&V

Verification and validation

VIM

International vocabulary of metrol-
ogy

VIM

Vortex induced motion

VIV

Vortex induced vibration

WPT

Wind Propulsion Technology
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1 General
1.1 Fundamental Concepts
1.1.1 Uncertainty

ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit
1. GENERAL
1.1 Fundamental Concepts
1.1.1 Uncertainty
(The following table follows JCGM 100:2008-Annex J)
Half-width of a rectangular
a Half-width of a rectangular | distribution of possible val-
distribution ues of input quantity Xi:
a=(a+—a)l2
Upper bound, or upper

a Upper bound limit, of input quantity Xi:

a. Lower bound ITov_ver b(_)und, or '°V_Ver
limit, of input quantity Xi:
Upper bound, or upper

b Upper bound of the devia- limit, of the deviation of

" tion input quantity X; from its
estimate xi: b+ =a+ - Xi
Lower bound, or lower
Lower bound of the devia- | limit, of the deviation of

b. - . . X

tion input quantity Xi from its
estimate xi; b-=xi—a_

Ci Sensitivity coefficient c; = 0f /0x;. 1
Functional relationship be-
tween measurand Y and in-
put quantities X; on which

f Function Y depends, and between 1
output estimate y and input
estimates xj on which y de-
pends.

Partial derivative with re-
spect to input quantity X of
functional relationship f

of /0x; Partial derivative ibr%\llj\{[egﬂanr:teiiir?(?((j)g and 1
which Y depends, evalu-
ated with estimates x; for
the Xi:

Used to calculate expanded
k Coverage factor uncertainty U = kuc(y) 1
Coverage factor for proba- Used for calculgtion of ex-

Kp bility p panded uncertainty Up = 1
KoUc(y)

0 Number of repeated obser- 1

vations
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1.1.1 Uncertainty

ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit
Number of input quantities
N Number of input quantities | Xj on which the measurand | 1
Y depends
Probability; Level of confi- | Level of confidence: 0 <p 1
P dence <1.0
. Described by a probability
q Random quantity distribution 1
Of n independent repeated
Arithmetic mean or average | observations gk of ran- 1
q domly varying quantity g
. . Or mean yq of the proba-
Estimate of the expectation bility distribution of g 1
k™ independent repeated
Ok k™" observation of q observation of randomly 1
varying quantity q
Associated with input esti-
Estimated correlation coeffi- Mates X and x; th'at es“f
. : o mate input quantities X;
r(Xi,Xj) cient associated with input and X;: 1
estimates r(xi, Xj) = u(xi, Xj)/[u(x)
u(xp)]
Determined from n inde-
. . .| pendent pairs of repeated
o estimated correlation coeffi- | qjmyitaneous observations
r(X,X) cient of input means X, and | y. x. o x, X, 1
& r(%,X)
= s(X, X)/[s(XDs(%))]
With output estimates i
Estimated correlation coeffi- | and y; when two or more
ryi.y;) cient associated with output | measurands or output 1
estimates quantities are determined
in the same measurement
Experimental variance of 1
the mean g
0 R
Estimated variance obtained 1
from a Type A evaluation
s(@) E)_(perimental standard devi- | Positive square root of 1
ation of the mean g s2(q)
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1.1.1 Uncertainty

ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit
NOTE The sample stand-
. ) _ ard deviation is a biased
Biased estimator of ¢() estimator of the population
standard deviation.
Standard uncertainty Obtame_d from a Type A
evaluation
Determined from n inde-
Experimental variance pendent repeated observa- | 1
tions gk of g
2
$7(q) Estimate of the variance o?
Estimate of the variance of the probability distribu- | 1
tion of g
Experimental standard devi- | Positive square root of 1
ation s2(qg)
s(qi) Biased estimator of the
e Biased estimator of the standard deviation o of the 1
standard deviation probability distribution of
q —
From mean X;, determined
Experimental variance of in- | from n independent re- 1
2,7 put mean X; peated observations Xiy, of
S (Xl) Xi
Estimated variance Obtame_d from a Type A 1
evaluation
Experimental standard devi- | Positive square root of 1
s(F) ation of input mean X; s2(Xy)
i -
Standard uncertainty Obtame_d from a Type A 1
evaluation
Estimate of covariance of Determined from 1 ind
means g and 7 that estimate eengentl Zirs gf o IeatSc_j
the expectations u, and u, P P peat 1
(@, 7) of two randomly varying simultaneous observations
’ - andr, ofgandr
quantities g and r i N0 T 0T
Estimated covariance Obtame_d from a Type A 1
evaluation
Determined from n inde-
Estimate of the covariance | pendent pairs of repeated 1
XX of input means X; and 7] simultaneous observations
s(Xu X)) X and X; , of X; and X;
Estimated covariance Obtamgd from a Type A 1
evaluation
§2 exp_ected value EJ[ ] of the 1
m variance of mean




ITTC Symbols

Version 2024

1 General
1.1 Fundamental Concepts
1.1.1 Uncertainty

input quantity X;

pendent repeated observa-
tions, u(x;) = s(X;)isa
standard uncertainty ob-
tained from a Type A eval-
uation.

ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit
Sm Standard deviation of the Positive square root of s2 | 1
mean
2 Combined or pooled esti-
Sp - 1
mate of variance
Pooled experimental stand- . 2
Sp ard deviation Positive square root of s; 1
Student t-distribution for v
to(V) Inverse Student t degrees of freedom corre- |
sponding to a given proba-
bility p
Student t-distribution for
Inverse Student t for effec- | Veif degrees of freedom cor-
tp(Veff) . responding to a given prob- | 1
tive degrees of freedom . . )
ability p in calculation of
expanded uncertainty Uy
NOTE When x; is deter-
mined from the arithmetic
Estimated variance associ- mean or average of n inde-
W2(%) ated with input estimate X; pendent repeated observa- 1
' that estimates input quantity | tions, u?(x;) = s?(X;) is
Xi an estimated variance ob-
tained from a Type A eval-
uation.
Positive square root of
u?(xi)
NOTE When x; is deter-
Standard qaintv of i mined from the arithmetic
andard uncertainty orin- 4 e or average of n inde-
u(xi) put estimate x; that estimates 1
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ITTC
Symbol

Acronym

Name

Definition or
Explanation

SI-
Unit

u(xi,x;)

Estimated covariance

Associated with two input
estimates x; and xj that esti-
mate input quantities X;
and X;

NOTE When x; and x; are
determined from n inde-
pendent pairs of repeated
simultaneous observations,
u(xi,xj) = S(YDY]’) is an
estimated covariance ob-
tained from a Type A eval-
uation

u(xi)/[xi|

Relative standard uncer-
tainty of output estimate x;

U(J’i» J’j)

Estimated covariance

Associated with output es-
timates y; and y; deter-
mined in the same meas-
urement

ué(y)

Combined variance

Combined variance associ-
ated with output estimate y

uc(y)

Combined standard uncer-
tainty

Combined standard uncer-

tainty of output estimate y,

equal to the positive square
root of u2(y)

Uca(y)

Combined standard uncer-
tainty of output estimate y

Determined from standard
uncertainties and estimated
covariances obtained from
Type A evaluations alone

Uca(Yy)

Combined standard uncer-
tainty of output estimate y

Combined standard uncer-
tainty of output estimate y
determined from standard
uncertainties and estimated
covariances obtained from
Type B evaluations alone

Uc(yi)

Combined standard uncer-
tainty of output estimate y;

When two or more measur-
ands or output quantities
are determined in the same
measurement

u? (y)

Component of combined
variance uZ(y)

Associated with output es-
timate y generated by esti-
mated variance u?(x;) as-
sociated with input esti-
mate Xi:

w (¥) = [eu(x)]?
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ITTC
Symbol

Acronym

Name

Definition or
Explanation

SI-
Unit

uw; ()

Component of combined
standard uncertainty uc(yi)
of output estimate y

Generated by the standard
uncertainty of input esti-
mate Xi: u; (y) = |c;|u(x;)

uc(y)/Iyl

Relative combined standard
uncertainty of output esti-
mate y

[u(xi)/|xi[]?

Estimated relative variance

Estimated relative variance
associated with input esti-
mate X;

[uc)/Iyll?

Relative combined variance

Relative combined vari-
ance associated with output
estimate y

u(xi ,x))/|xi
Xil

Estimated relative covari-
ance

Estimated relative covari-
ance associated with input
estimates xi and x;

Expanded uncertainty

Expanded uncertainty of
output estimate y that de-
fines an interval Y =y +U
having a high level of con-
fidence, equal to coverage
factor k times the com-
bined standard uncertainty
uc(y) of y:

U = K Uc(y)

Expanded uncertainty asso-
ciated to confidence level p

Expanded uncertainty of
output estimate y that de-
fines an interval Y =y xU,
having a high level of con-
fidence p, equal to cover-
age factor kp times the
combined standard uncer-
tainty uc(y) of y:

Up = kp Uc(y)

Xi

Estimate of input quantity X;

NOTE when x; is deter-

mined from the arithmetic
mean or average of n inde-
pendent repeated observa-

tion X = Xi

Xi

i"" input quantity on which
measurand Y depends

NOTE Xi may be the
physical quantity or the
random variable
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ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit

Equal to the arithmetic
7 Estimate of the value of in- | mean or average of n inde-
t put quantity X; pendent repeated observa-
tion Xk of Xi
k™ independent repeated ob-
Xik : .
servation of X
Estimated of measurand Y
y Result of a measurement
Output estimate
When two or more measur-
Yi Estimate of measurand Y; ands are determined in the
same measurement
Y A measurand.
Estimated relative uncer-
Au(x;) Estimated relative uncer- tainty of standard uncer-
u(x;) tainty tainty u(xi) of input esti-
mate Xi
Expectation or mean of the Expectgt_lon or mean of the
Hg e probability distribution of
probability distribution : .
random-varying quantity g
y Degrees of freedom (gen-
eral)
Degrees of freedom, or ef-
fective degrees of freedom
Vi Degrees of freedom .
of standard uncertainty
u(xi) of input estimate x;
Effective degrees of free-
Effective degrees of free- dom of uc(y) used to obtain
Vet dom to(verr) for calculating ex-
panded uncertainty Up
Effective degrees of free-
dom of a combined stand-
Effective degrees of free- ard uncertainty determined
VefiA dom from standard uncertainties
obtained from Type A
evaluations alone
Effective degrees of free-
dom of a combined stand-
Effective degrees of free- ard uncertainty determined
Vet dom from standard uncertainties
obtained from Type B
evaluations alone
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ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit

Variance of a probability
distribution of (for exam-
o Variance of a probability ple) a randomly-varying
quantity g, estimated by
s*(q)
Standard deviation of a Equal to the positive
probability distribution square root of o°
o s(q;) is a biased estimator
of o
Equal to o2 / n, estimated
a2(q) Variance of g by L,
s2(@ = =
Standard deviation of g Eﬁuaa; E%)t he positive root
(@) s(@)is a biased estimator of
a(q)
52[s(@)] Variance of e_xperimeftal B
standard deviation s(q) of g
Standard deviation of exper- Equal to the positive
ols(q)] imental standard deviation square root of o2[s(7)]
s(@ of . | i
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1.1.2 Coordinates and Space Related Quanti-
ties

Orientation of coordinates

A problem of general interest, the orientation
of the axes of coordinate systems, has been
treated extensively in the Report of the 17
ITTC Information Committee. The present QS
Group recommends that the orientations of the
coordinate systems chosen for convenience
should be stated explicitly in any case. The co-
ordinate system orientation should not be in-
ferred from the symbols and/or names of the
concepts or from national or professional tradi-
tions. All sign conventions of related Quantities
should be consistent with the orientation chosen.

For ready reference the recommendation of
the 17" ITTC Information Committee is quoted
in the following.

"In order to adapt ITTC nomenclature to
common practice a proposal for a standard coor-
dinate system was published in the newsletter
No 7, March 1983, to generate discussion. The
response was quite diverse. On the one hand it
was suggested that instead of the two orthogonal
right handed systems with the positive x-axis
forward and the positive z-axis either up- or
downward as proposed only one system should
be selected, in particular the one with the posi-
tive z-axis upwards. On the other hand the atten-
tion of the Information Committee was drawn to
the fact that in ship flow calculations neither of
the two systems proposed is customary. Nor-
mally the x-axis is directed in the main flow di-
rection, i.e. backwards, the y-axis is taken posi-
tive to starboard and the z-axis is positive up-
wards. The origin of the co-ordinates in this case
is usually in the undisturbed free surface half
way between fore and aft perpendicular.

In view of this state of affairs the Infor-
mation Committee (now Quality System Group
- QSG) may offer the following recommenda-
tion, if any:

Axes, coordinates

Preferably, orthogonal right handed systems
of Cartesian co-ordinates should be used, orien-
tation and origin in any particular case should be
chosen for convenience.

Body axes (X,y,z)

Coordinate systems fixed in bodies, ocean
platforms, or ships.

For the definition of hull forms and ocean
wave properties and the analysis of structural
deflections it is customary to take the x-axis pos-
itive forward and parallel to the reference or
base line used to describe the body's shape, the
y-axis positive to port, and the z-axis positive
upwards.

For seakeeping and manoeuvrability prob-
lems the coordinate system is defined as follows:
usually the x-axis as before the y-axis positive
to starboard, and the z-axis positive downwards,
the origin customarily at the centre of mass of
the vehicle or at a geometrically defined posi-
tion.

For ship flow calculations usually the x-axis
positive in the main flow direction, i.e. back-
wards, the y-axis positive to starboard, and the
z-axis positive upwards, the origin customarily
at the intersection of the plane of the undisturbed
free-surface, the centre plane, and the midship
section.

Fixed or space axes (Xo,Y0,20)

Coordinate systems fixed in relation to the
earth or the water. For further references see 1ISO
Standard 1151/1 ...6: Terms and symbols for
flight dynamics.
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There may be other coordinate systems in
use and there is no possibility for the adoption
of a single system for all purposes. Any problem
requires an adequate coordinate system and
transformations between systems are simple,
provided that orientations and origins are com-
pletely and correctly documented for any partic-
ular case."

In seakeeping and manoeuvrability prob-
lems customarily the centre of mass of the vehi-
cle is chosen as the origin of the coordinates.
This is in most cases not necessarily advanta-
geous, as all the hydrodynamic properties enter-
ing the problems are related rather to the geom-
etries of the bodies under investigation. So any
geometrically defined point may be more ade-

Origins of coordinates

quate for the purposes at hand.

ISO Standard 31-11 makes the following suggestions

Item No. | Coordinates | Position vector and its Name of coordi- | Remarks
differential nate system

11-12.1 | x Y,z I =Xex + yey + ze; cartesian ex, ey and e; form an

) dr=dxex+dye +dze, coordinates orthonormal right-handed
system. See Figure 1.

11-12.2 | p, oz r=pe,+ ze; cylindrical e,(¢), €s(p) and e; form an

) dr=dpe,+dpe,+dze; coordinates orthonormal right-handed
system. See Figures 2 and
3.1fz=0,thenp and ¢ are
the polar coordinates

11-123 | r Y, ¢ r=rer, spherical er(9, gyp), es (6, ) and

) dr=dre,+rdg ep+ coordinates e,(¢p) form an orthonormal

rsin fdo e, right-handed system. See

Figures 2 and 4.

NOTE 1 If, exceptionally, a left-handed system is used for certain purposes, this shall be clearly stated

to avoid the risk of sign errors.
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The x-axis is pointing towards the viewer.

Figure 1 — Right-handed Cartesian coordi-
nate system

ez
~ e,
S~
z r
€

Figure 3 — Right-handed cylindrical co-
ordinates

e,
r

r
S €y

|

l

0 |

|

/<j\\1
Q

Figure 4 — Right-handed spherical coor-
dinates

Figure 2 — Oxyz is a right-handed coordinate

system
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ITTC Acronvm Name Definition or SI-
Symbol y Explanation Unit
1.1.2.1 Basic Quantities
Any scalar quantity distrib-
S uted, maybe singularly, in | fs
space
Zero™ order moment of a
0. e — .
S scalar quantity Jods =04
First order moment of a
1 scalar quantity, formerly N
S static moments of a scalar kgxds
distribution
Second moment of a scalar
2 quantity, formerly mo- s
S ments of inertia of a scalar JxiXiein Yol
distribution
Sij = SY;
Generalized momentofa | Si 3+ = S’
Sw scalar quantity distributed | Sa+i,j = S
in space Saw+i, 34§ = S
Tensor in space referred to
) an orthogonal system of 5. Ta
Ti Cartesian coordinates fixed | 1§ * T8
in the body
TP Anti-symmetric part of a (Ti- Ti)/ 2
tensor
T Symmetric part of atensor | (Tij+ Tji)/2
Ti" Transposed tensor Tji
Tij Vj Tensor product 2Tij v
Ui, Vi Any vector quantities
Ui Vi Scalar product uiVi
Ui Vj Diadic product UiV
uxv Vector product &ijkUjVk
Zeroth order moments of a
vector quantity distributed
0. \s. in space, referred to an or- _
ViV thogonal system of Carte- A
sian coordinates fixed in
the body
First order moments of a
1 v
Vi vector distribution Jijoxvi
Vv Generalized vector Vi= V'
- Va+i = V4
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ITTC

Acronvm Name Definition or SI-
Symbol y Explanation Unit
X, X1 Body axes and correspond- Right-hand o_rthogor_lal sys-
Y, X2 . . : tem of coordinates fixed in | m
ing Cartesian coordinates
Z, X3 the body
Xo, Xo1 Space axes and corre- Right-hand orthogonal sys-
Yo, Xo2 sponding Cartesian coordi- | tem of coordinates fixed in | m
Zo, Xo3 nates relation to the space
XF, XF1 Flow axes and correspond- Right-hand o_rthogor)al sys-
YF, XF2 . . . tem of coordinates fixed in | m
ing Cartesian coordinates )
ZF, XF3 relation to the flow
+1:ijk =123, 231, 312
Eijk Epsilon operator 1:ijk =321, 213, 132
0 :if otherwise
; +1:1) =11,22,33
ojj Delta operator 0 - if otherwise
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ITTC Acronvm Name Definition or Sl-
Symbol y Explanation Unit

1.1.3 Time and Frequency Domain Quantities
1.1.3.1 Basic Quantities

a ADMP Damping s', in Laplace variable 1/s
f FR Frequency Hz
fc FC Basic frequency inrepeat- | 1/ Tc Hz
ing functions
fs FS Frequency of sampling 1/Ts Hz
period in repeating spectra
i I Imaginary unit sgrt(-1) 1
I IM Imaginary variable 1
j J Integer values -0 .., +00 1
R R Complex variable exp(s Ts)
Laurent transform
S S Complex variable a+ 2xif 1/s
Laplace transform
t TI Time -0 ... o0 S
tj TI1(J) Sample time instances jTs
Tc TC Period of cycle 1/fc duration of cyclesin | s
periodic, repeating pro-
Ccesses
Ts TS Period of sampling Duration between samples | s
X X Values of real quantities X(t)
X Real "valued" function
Xj X(@J) Variables for samples val- | x(t;) = A(t)d(t - tj)dt
ues of real quantities
z Z Complex variable
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Symbol Acronym

Name

Definition or
Explanation

SI-
Unit

1.1.3.2 Complex Transforms

A

X Analytic function XA() = X(t) + iX(t)
xPF Fourier transform of sam- | XPF(f) = Zxjexp(-i2zfjTs)
pled function i.e. periodically repeating
= X(0)/2 + fs IXF(f + jfs)
sample theorem: aliasing!
xPt Laurent transform of XPL(s) = Zxjexp(-sjTs)
sampled function
x© Fourier transform XF(f) = X(t)exp(-i2zft)dt
inverse form:
= XF(fexp(-i2zft)dt
if X(t) =0and a=0then
XF(H)=X"(f)
X Fourier transform of 1T X(t)exp(-i2zajt/Tc)dt
periodic function t=0..Tc
XF = 3xFo(f - j/Tc)
inverse form:
X(t) = 2xFiexp(-i2zfjTc)
X Hilbert transform XH(t) = Uz K@)I(t - 7)de
xHF Fourier transform of XHF(F) = XF(f)(-i sgn f)
Hilbert transform (L) =-isgnf
Xt Laplace transform X(s) = KX(t)exp(-st)dt
if X(t<0) =0 then
= (X(t)exp(-at))”
xR Laurent transform XR(r) = Zxri=XxPt
x5 Single-sided complex spec- | X5(f) = XF(f)(1 + sgn f)
tra = XAF
i.e.=0forf<0
X5; Single-sided complex Fou- | XFj(1 + sgn j)
rier series line spectra

z Amplitude mod(z) = sqrt(z%+z"?)

z° Real or cosine component | z° = real(z) = z%cos(z")

z Imaginary or sine compo- | imag(z) = z%in(z°) = 2°
nent

7 Conjugate 7" -7

7 (Phase) Lag

P Phase arc(z) = arctg(z' / 2"

zZ' Real or cosine component | real(z) = z%cos(z°) = z°

z Imaginary or sine compo- | z° = imag(z) = z%sin(z")
nent
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Symbol Explanation Unit

1.1.4 Random Quantities and Stochastic Processes

1.1.4.1 Random Quantities
g%, g™, gMR Expected value of a func- | E(g) = Jg(x)f(x)dx

tion of a random quantity X = -00... 0O
X, Y Random quantities X(0), y(0)
Xi, Yi Samples of random quanti- [ i=1...n
ties n : sample size
(x™E m-" moment of a random | (x™)E
quantity
xP, xPR| oy Standard deviation of a xVR%
random quantity
xPS, sy Sample deviation of aran- | xVS12,
dom quantity unbiased random estimate
of the standard deviation
xxR, xxMR| Auto-correlation of aran- | x xE
Rxx dom quantity
xyR, xyMR, Cross-correlation of two X yE
Rxy random quantities
xE, xM | xMR Expectation or population | E(x)
Hx mean of a random quantity
XA, xMS my Average or sample mean 1UnXx,i=1.n
of a random quantity unbiased random estimate
of the expectation with
XAE - XE
xSE=xV/n
G Probability density of a d Fx/ dx
random quantity
xy"P, fiy Joint probability density of | & Fyy / (& &)
two random guantities
X, Fx Probability function (distri- 1
bution) of a random quan-
tity
XyF, Fy Joint probability function 1
(distribution) function of
two random guantities
xV, xR, Variance of a random x2E - xE?
xxVR quantity
xS, xxVs Sample variance of aran- | 1/ (n- 1) T (xi - x*)?
dom quantity i=1..n
unbiased random estimate
of the variance ~ xVSE =
XV
xyV, xyVR Variance of two random x yE - xEyE
guantities
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ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit
¢ Outcome of a random "ex-

periment”
1.1.4.2 Stochastic Processes
gVR Mean of a function of a M(g(t)) = lim(1/T Jg(t)dt)
random quantity t=-T/2...+T/2
T =-00... +©
gVs Average or sample mean of | A(g(t)) = 1/T Jg(t)dt
a function of a random t=0..+T
quantity
X,y Stationary stochastic pro- | x({7), y({ 1)
cess
xx©, xx°R, Auto-covariance of asta- | (X(t) - XE)(x(t + 7) - xF)E
Cxx tionary stochastic process
xy©, xy°R, Cross-covariance of two (x(t) - xB)(y(t + 7) - y)F
Cyxy stationary stochastic pro-
cesses
xxR, xxRR, Auto-correlation of asta- | X()x(¢ + 7)F = Rux(7)
Rxx tionary stochastic process | Rxx(7) = Rxx(-7)
if x is ergodic:
Rxx(T) = X(t)X(t + T)MR
Ru(7) = | Si(@)cos(wr)dr
7=0.. 0
Xy, Ryy Cross-correlation of two X(t)y(t + 7)E = Ry(2)
stationary stochastic pro- Ryx(7) = Ryy(-7)
cesses if x, y are ergodic:
Ray(z) = x(Q)y(t + "R
XX%, Sxx Power spectrum or au- XXRRSR
tospectral power density of
a stochastic process
XyS, Sy Cross-power spectrum of | xyRRSR
two stationary stochastic
processes
T Covariance or correlation S
time
¢ Outcome of a random "ex-
periment"

1.1.4.3 Probability Operators (Superscripts)

A, MS
C,CR
CS
D, DR
DS

Average, sample mean
Population covariance
Sample covariance
Population deviation
Sample deviation
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Symbol Explanation Unit
E, M, MR Expectation, population mean
PD Probability density
PF Probability function
S (Power) Spectrum
SS Sample spectrum
R, RR Population correlation
RS Sample correlation
V, VR Population variance
VS Sample variance



ITTC Symbols 1 Mechanics in General
1.1 Fundamental Concepts

Version 2024 1.1.5 Balances and System Related Concepts 24
ITTC Acronvm Name Definition or Sl-
Symbol y Explanation Unit

1.1.5 Balances and System Related Concepts

Quantity of the quality un-
q der consideration stored in QY
a control volume
Quality under considera- U
Q tion Qs
Q° Convective flux QYss
QP Diffusive flux QYss
Total flux across the
QF surface of the control vol- | Inward positive! QYss
ume
QM Molecular diffusion QY’s
P Production of sources in U
Q the control volume Qfs
Storage in the control vol-
QS ume, rate of change of the | dq / dt QYss
guantity stored
QT Turbulent diffusion QYss
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ITTC Acronvm Name Definition or Sl-
Symbol y Explanation Unit
1.2 Solid Body Mechanics
1.2.1 Inertial and Hydrodynamic Properties
1.2.1.1 Basic Quantities
A Added mass coefficient in
5 ith mode due to jth motion
B: Damping coefficient in ith
5 mode due to jth motion
Restoring force coefficient
Cjj in ith mode due to jth mo-
tion
Generalized hydrodynamic
h h
D"w damping oE}/dV,
= Generalized hydrodynamic
v force
Generalized hydrodynamic -
h h
M inertia Ok [0V,
| Longitudinal second mo- About transverse axis m
- ment of water-plane area through centre of floatation
| Transverse second moment | About longitudinal axis m
T of water-plane area through centre of floatation
Iyz’ lyy Pitch moment of inertia )
m2 , L . kg m
around the principal axis y
Mss
IZZ’ lz, Yaw moment of inertia )
mes3, .. . kg m
around the principal axis z
Mes
by, |12 Real products of inertia in )
Iyz y |23 - - kg m
case of non-principal axes
|zx y |31
K, Kxx Roll radius of gyration 12
k around the principal axis x (b m) m
Pitch radius of gyration 12
Ky Ky around the principal axis y (Iyy/m) m
Yaw radius of gyration 12
e, ke around the principal axis z (IzZ/m) m
m mass kg
.y Zero-" moments of mass,
m--” ! i.e. inertia distribution, mij = m Jij kg
§ mass tensor
1 First moments of mass, i.e. | Alias static moments of
m-ij L kg m
inertia distribution mass
m2ij , Second moments of mass, | Alias mass moments of in- ka m2
N : gm
lij I.e. inertia distribution ertia
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Symbol y Explanation Unit

Generalized mass, i. €. a0
od inarti Mij = M%j
generalized inertia tensor M i = Mo
Muy of a (rigid) body referred to | "3~ ¥ U
- . M+ j = M7j
a body fixed coordinate a2
Ma+i, 3+j = M5
system
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1.2.2 Loads

1.2.2.1 External Loads

F — pM
Force, generalized, load, M i_ol_Vl v
Fu in body coordinates Fi=F N
y Fa+i = Fli
Gravity field strength, gen- | = _ 4
Ou eralized, in body coordi- gi ‘_E ! m/s?
g3+i=0
nates
_ Gravity field strength, 2
9i in body coordinates! m/s
K, Mx, Moment around body axis
1 Nm
F1,F X
M, My , Moment around body axis N
1 m
F2,Fs y
N, Mz, Moment around body axis Nm
FN3, Fe Z
X, Fx, Force in direction of body
0 . Nm
F1,F axis x
Y, Fy, Force in direction of body
0 . Nm
F2,F axis y
Z F;, Force in direction of body N
0 : m
Fs,Fs axis z
Gravity or weight force,
Gu generalized, in body co-or- u = My Qv N
dinates!
0~ Gravity or weight force Gi=G%=m%g;
G'l, Gi . . _ N
in body coordinates! = mgi
1 Gravity or weight moment | Gs+i = Gl = & x GY
GTi . . _ 3 Nm
in body coordinates! = m’ij g
q Load per unit length N/m
W Weight per unit length dW / dxu N/m
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Symbol y Explanation Unit

1.2.2.2 Sectional Loads

Force or load acting at a
s given planar cross-section | FS = F5, N
v of the body, generalized, in | F53+i = F5% = M5, Nm
section coordinates!
FSi Shearing force FS9, , F50, N
Fr Tensioning or normal force | F5%; N
MB; Bending moment FSL, |, FSl, Nm
MT Twisting or torsional mo- = N
ment




ITTC Symbols 1 Mechanics in General
1.2 Solid Body Mechanics

Version 2024 1.2.3 Rigid Body Motions 29
ITTC Acronvm Name Definition or Sl-
Symbol y Explanation Unit

1.2.3 Rigid Body Motions
1.2.3.1 Motions

L Angular momentum L = lw (= r’mv) i(g ms
P Linear momentum P=mv fg ms
P, ox, Rotational velocity around

0 . rad/s
V1, Vg body axis x
q, wy, Rotational velocity around

0 . rad/s
V72, Vs body axis y
r, wz, Rotational velocity around

0 . rad/s
V'3, V6 body axis z
u, Vx, Translatory velocity in the

1 o . m/s
Vi, i direction of body axis x
v, Vy, Translatory velocity in the

! o . m/s
V2, V2 direction of body axis y
W, Vs, Translatory velocity in the

1 o . m/s
V'3, V3 direction of body axis z

Components of generalized _ 1
. : . Vi = Vi m/s
Vu velocity or motion relative 0
V3+i = Vi rad/s
to body axes

p Rates of change of compo-
q nents of rotational velocity rad/s?
7 relative to body axes
u Rates of change of compo-
1% nents of linear velocity rel- m/s?
w ative to body axes
a Angular acceleration doldt rad/s?
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Symbol Acronym

Name

Definition or
Explanation

SI-
Unit

1.2.3.2 Attitudes

Angle of attack

The angle of the longitudi-
nal body axis from the pro-
jection into the principal
plane of symmetry of the
velocity of the origin of the
body axes relative to the
fluid, positive in the posi-
tive sense of rotation about
the y-axis

rad

Angle of drift or side-slip

The angle to the principal
plane of symmetry from
the velocity vector of the
origin of the body axes rel-
ative to the fluid, positive
in the positive sense of ro-
tation about the z-axis

rad

Projected angle of roll or
heel

The angular displacement
about the xo axis of the
principal plane of sym-
metry from the vertical,
positive in the positive
sense of rotation about the
Xo aXis

rad

Angle of roll, heel or list

Positive in the positive
sense of rotation about the
X-axis

rad

Angle of pitch or trim

Positive in the positive
sense of rotation about the
y-axis

rad

Angle of yaw, heading or
course

Positive in the positive
sense of rotation about the
z-axis

rad
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Symbol Acronym Name Explanation Unit
1.3 Fluid Mechanics
1.3.1 Flow Parameters
1.3.1.1 Fluid Properties
c Velocity of sound (E / p)*? m/s
E Modulus of elasticity Pa
W Weight density pg (See 1.1.1)
K Kinematic capillarity alp m3/s?
7 Viscosity kg/ms
v Kinematic viscosity wulp m?/s
) Mass density kg/m?®
A Surface tension per unit 9
o Capillarity length kg/s
1.3.1.2 Flow parameters
Bo Boussinesg number V /(g Rn)*? 1
Ca Cauchy number V[ (E/p)? 1
Fr Froude number V /(g L)¥? 1
Fry Froude depth number V /(g h)¥? 1
Fro E;(r)ude displacement num- V /(g o2 1
Ma Mach number Vic 1
Re Reynolds number VL/v 1
Rey 5
Propeller Reynolds number '
Reo7 4t 0.7 R _ co7y/VZ + (0.7mmD)2 |1
vV
St Strouhal number fL/V 1
Thoma number, Cavitation
Th number (pa—pv)/q 1
We Weber number V2L /K 1
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1.3.1.3 Boundary conditions

K Roughness height or mag- | Roughness height, usually m
nitude in terms of some average
Mean diameter of the
Ks Sand roughness equivalent sand grains cov- m
ering a surface
R Hydraulic radius Area of section_divided by m
wetted perimeter
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1.3.2 Flow Fields

1.3.2.1 Velocities etc.

e Density of total flow en- D212+ p+pgh Pa
ergy
fi Mass specific force Strength of force fields, m/s?
usually only gravity field g
h Static pressure head 4zo, . e . m
Zo-axis positive vertical up!
H Total head e/w=h+p/w +g/w m
Pressure, density of static Pa
P flow energy
Ambient pressure in undis- Pa
Po turbed flow
Dynamic pressure, density )
g of kinetic flow energy, pVie Pa
Q Rate of flow Volume passingacrossa | s
control surface in time unit
SH Total head loss m
&R, Turbulent or Reynolds  vivCR Pa
stress
Density of total diffusive
) momentum flux due to mo-
Sij Total stress tensor Pa
lecular and turbulent ex-
change
sV Viscous stress Pa
Uy VeV Velocity component in di-
V, Vy ,V2 ) m/s
rection of x, y, z axes
W, V7 V3
Vi Velocity m/s
v Velocity V = vivit? m/s
Vo Velocity of undisturbed m/s
flow
Tw Wall shear stress w (A A)y=o Pa
1.3.2.2 Circulation etc.
r Normalized circulation rl@DV) . 1
 is frequently omitted
Ratio between velocities
I Induction factor induced by helicoidal and | 1
by straight line vortices
r Vortex density Strength per Ien_gth_or PEr | mis
area of vortex distribution
r Circulation v ds . m?/s
along a closed line
) Potential function m?/s
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w = const
v Stream function is the equation of a stream | m%/s
surface
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1.3.3 Lifting Surfaces

1.3.3.1 Geometry
A Projected area b cm m?
b Wing or foil span m
br Flap span m
Cm Mean chord length Alb m
Cr Tip chord length m
Cr Root chord length m
f Camber of lower side (gen-

L m
eral)
fu Camber of upper side m
y Sweep angle rad
Os Slat deflection angle rad
Thickness ratio of foil sec-
0 . t/c 1
tion (general)
Thickness ratio of trailin
08 edge of struts el 1
5 Camber ratio of mean line fle 1
(general)
OFL Angle of flap deflection rad
s Camber ratio of lower side flc 1
of foil
s Thickness ratio of strut ts/Cs 1
P Theore_tical thickness ratio ts / CsTi 1
of section
ou Camber ratio of upper side | fu/c 1
A Taper ratio Ct/ Cr 1
A Aspect ratio b2/ A 1
1.3.3.2 Flow angles etc
Vi Induced velocity m/s
Resultant velocity of flow | Taking vortex induced ve-
VT . ) LY m/s
approaching a hydrofoil locities into account
Angle of attack or inci- Angle between the direc-
a dence tion of undisturbed r.elatlve rad
flow and the chord line
The angle of attack relative
- !Eff_ective angle of attack or | to the chord I_ine including rad
incidence the effect of induced veloc-
ities
The angle of attack relative
. Geometric angle of attack | to the chord line neglecting rad
or incidence the effect of induced veloc-
ities
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Hydrodynamic angle of at- | In relation to the position at
OH . rad
tack zero lift
For thin airfoil or hydro-
foil, angle of attack for
which the streamlines are
tangent to the mean line at
al Ideal angle of attack the leading edge. This con- rad
dition is usually referred to
as "shock-free" entry or
"smooth”
0 Angle of zero lift Angle of attack or inci- rad

dence at zero lift
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1.3.3.3 Forces
. Force in the direction of
Dr Foil drag motion of an immersed foil N
For finite span foil, the
D Induced drag component of liftinthedi- | N
rection of motion
Due to mutual interaction
Dint Interference drag of the boundary layers of N
intersecting foil
Do Sectlo_n or profile drag at Streamline drag N
zero lift
Le Lift force on foil CLAFT Qq N
Lift force for angle of at-
Lo tack of zero CloArT g
1.3.3.4 Sectional coefficients
Co Section drag coefficient 1
Col S_ectlon induced drag coeffi- 1
cient
CL Section lift coefficient 1
c Section lift coefficient for 1
L0 angle of attack of zero
Cwm Section moment coefficient 1
e Lift-Drag ratio L/D 1
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1.3.4 Boundary Layers

1.3.4.1 Two-dimensional Boundary Layers
Cs Skin friction coefficient t/ (p U2 1 2) 1
F Entrainment factor 1/ (Ue dQ/dx) 1
H Boundary layer shape pa- 510 1

rameter
He tIirrltramment shape parame- 6-5)10 1
p Static pressure Pa
P Total pressure Pa
b
Q Entrainment f Udy m?/s
a
‘ Reynolds number based on x x
Reo» displacement thickness U=o /v or Ueo /v .
Reynolds number based on
Res momentum thickness U-B/vor U.0/v !
Velocity fluctuations in
u m/s
boundary layer
s Root mean square value of
u . . m/s
velocity fluctuations
ot Non-dimensional distance U/u 1
from surface
U, Shear (friction) velocity (z/ p)? m/s
Time mean of velocity in
Um m/s
boundary layer
Ui Instantaneous velocity m/s
U Free-stream velocity far m/s
* from the surface
Velocity at the edge of the
Ue ~ m/s
boundary layer at y=0995
AU Velocity defect in bound- (Ue- U) / Us 1
ary layer
+ Non-dimensional distance U/ v 1
y from the wall y U
B Equilibrium parameter 0" | (zw dp / dx) 1
s Thickness of a boundary m
9% layer at U=0.995Us
x Displacement thickness of
0,01 boundary layer J(Ue- U) 1 Ue dy m
K von Karman constant 041 1
4 ItDerressure gradient parame- Soss | (v dUs / d¥) 1
o, 5" Energy thickness AU/Ue) 1-U2/UAHdy | m
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@) Momentum thickness [(U/Ue) (1-U/Ugdy m
Tw Local skin friction u (A X)y=o Pa
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1.3.5 Cavitation

1.3.5.1 Flow parameters
as Gas content ratio a/as 1

Actual amount of solved
a Gas content and undissolved gas in a ppm
liquid
Gas content of saturated Maxmy m amoynt of gas
as liquid solved in a liquid at a given | ppm
qu
temperature
o Cavitation number (pa-pc)/q 1
Inception cavitation num-
ol 1
ber
ov Vapour cavitation number | (pa-pv)/q 1
1.3.5.2 Flow fields
Dc Cavity drag N
Stream wise dimension of
Ic Cavity length a fully-developed cavitat- | m
ing region
PA Ambient pressure Pa
PAc Collapse pressure Absol.ute amp !ent Pressure | o,
A at which cavities collapse
Absolute ambient pressure
PAI Critical pressure at which cavitation incep- | Pa
tion takes place
o Cavity pressure Press_ure within a steady or Pa
quasi-steady cavity
Pressure, may be negative,
pci Initial cavity pressure i.e. tensile strength, neces- | Pa
sary to create a cavity
pv Vapour pressure of water | At a given temperature! Pa
Free stream velocity at
U Critical velocity which cavitation inception | m/s
takes place
Vi Volume loss W /w m®
Weight of material eroded
WL Weight loss from a specimen duringa | N/s
specified time
Maximum height of a
fully-developed cavity,
oc Cavity height or thickness | normal to the surface and m

the stream-wise direction
of the cavity
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1.3.5.3 Pumps
Net useful head of turbo-
Hn . m
engines
Total head upstream of
Hu . m
turbo-engines
Th, o Thoma number (Hu - pv/w)/Hn 1
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1.4 Environmental Mechanics

141 Waves

This section is related to Sections 3.1.2 Time and Frequency Domain Quantities and 3.1.3 Random
Quantities and Stochastic Processes.

1.4.1.1 Periodic waves

Wave phase velocity or ce- | Lw/ Tw =/gLy/2m in

Cw lerity deep water m/s
Wave phase velocity of har- | const = cw
Cwi monic components of a pe- | for periodic waves in m/s
riodic wave deep water
The average rate of ad-
Wave group velocity or ce- | vance of the energy in a
ce . . . : m/s
lerity finite train of gravity
waves
fw Basic wave frequency 1/Tw Hz
Frequencies of harmonic
fwi components of a periodic I fw Hz
wave

The vertical distance
from wave crest to wave
Hw Wave height trough, or twice the m
wave amplitude of a har-
monic wave. 5c - 4t

k, x Wave number 27/ Lw = 0*lg 1/m
The horizontal distance
between adjacent wave
crests in the direction of
advance

Lw, Aw Wave length

Time between the pas-
sage of two successive
wave crests past a fixed
point. 1/fw

Tw Basic wave period

The angle between the
VI Wave direction direction of a component | rad
wave and the Xo axis

z-axis positive vertical
Instantaneous wave eleva-

n . : . up, zero at mean water m
tion at a given location )
level;
Amplitudes of harmonic
' components of a periodic ntse m
wave
Phases of harmonic compo-
7P, & P nsP rad

nents of a periodic wave

nc Wave crest elevation m
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nr Wave trough depression Negative values! m
z-axis positive vertical
Instantaneous wave depres-
¢ : down, zero atmeanwa- | m
sion
ter level
Radius of orbital motion
(A Wave amplitude of a surface wave parti- | m
cle
ww, 0 Circular wave frequency 2xfw=2xn/Tw rad/s
1.4.1.2 lrregular waves
Wave height by zero The vertical dlst_ance be-
Hq . tween a successive crest m
down-crossing
and trough.
Wave height by zero up- The vertical dlst_ance be-
Hu : tween a successive trough | m
crossing
and crest
L : Average of the highest one
Huss Significant wave height third wave heights m
T1/3d Significant wave period By downcrossing analysis
T1/3u Significant wave period By upcrossing analysis
Time elapsing between two
T Wave periods by zero successive downward s
d down-crossing crossings of zero in a rec-
ord
Wave periods by zero up- Time eI_apsmg between two
Tu : successive upward cross- S
crossing ) !
ings of zero in a record
Maximum of elevations of
nc . m
wave crests in a record
Elevations of wave troughs .
nT . Negative values! m
in a record
The horizontal distance be-
Wave length by zero tween adjacent down cross-
Ad - S L m
down-crossing ing in the direction of ad-
vance
The horizontal distance be-
Wave length by zero up- . .
Au crossin tween adjacent up crossing | m
g in the direction of advance
1.4.1.3 Time Domain Analysis
H Wave height estimated m
w from visual observation
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Significant wave height.
H Sum of significant wave | Average of the highest one m
Wi height of swell and wind | third wave heights
waves
Significant wave height of Ayerage of the_ highest one
Hisss third wave heights of the | m
swell
swell.
(environmental mechanics, | Average of the highest one
Huzw waves) Significant wave | third wave heights of the | m
height of wind waves. wind waves.
L Average of the highest one
Zero up-crossing signifi- ; )
H1/3u : third zero up-crossing m
cant wave height .
wave heights
Estimate of significant
wave height from sample
Hs . . m
deviation of wave elevation
record
Wave length estimated by | Measured in the direction
Lwv . . . m
visual observation of wave propagation
The average interval in
Ta Return period years betvyeen times that a
given design wave is ex-
ceeded
TR Duration of record 1/1r S
1/fs,
Ts Sample interval time between two succes- | S
sive samples
T Wave period estimated s
w from visual observation
1.4.1.4 Frequency Domain Analysis
: _ | Sampling frequency di-
b :Ba_ndW|dth of spectral reso vided by the number of Hz
ution :
transform points
Average reflection coeffi-
Cr . 1
cient
Reflection coefficient am-
C() plitude function 1
. Frequency at which the
fp Spectral peak in frequency spectrum has its maximum Hz
fr Frequency resolution 1/Tr Hz
fs Sample frequency 1/Ts Hz
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Significant wave height
based on zeroth moment 12
Himo for narrow banded spec- 4 (mo) m
trum
Estimate of significant
wave height from sample
Ho . : m
deviation of wave elevation
record
m n-th moment of wave I S(fd M2/ s
" power spectral density
Si(f), Incident wave power spec- 2
Si(w) tral density m*/Hz
Sr(f), Reflected wave power m2/Hz
Sr(w) spectral density
Sy(f), Wave power spectral den- m2/Hz
Sy(w) sity
T Period with maximum en- 2ufo s
ergy
Average period from ze-
Tor roth and first moment Mo/Ms S
Average period from ze- 12
Toz roth and second moment | (Me/™2) S
1.4.1.5 Directional Waves
S(f,0)=S(f)Dx(f,6) where
BX?;H) ) Directional spreading func- 4 )zn (Dx(7.6) rad
XL, tion f Dx(f,0)do =1
o0 0
f Frequency 2raw=1IT Hz
Se (@) Two dimensional spectral
So (,41) densit 1
y
etc.
S,(1.6) o . m?/Hz/
Sty Directional spectral density rad
0, u Component wave direction rad
Mean or dominant wave
Om L rad
direction
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142 Wind
1.4.2.1 Basic Quantities
Cio Surface drag coefficient (0.08 + 0.065U10)10°
L Fetch length D!stance over water the m
wind blows
tg Wind duration S
The average interval in
T Return period years be_tween timfas that a
given wind speed is ex-
ceeded
Turbulent wind fluctua-
Uz, Uzi . m/s
tions
Ua, U Wind shear velocity C10?Ugo or 0.71U5o" % m/s
Reference mean wind
Uao speed at elevation 10 me- | Uio = (10/2)Y" UA m/s
ters above sea surface
Average wind speed at ele- | (U, + uz)?
uA vation z above the sea sur- | U = (2/10)Y7 Uy or m/s
face U = Uz + Ua In(z/10)
Vwr AWS Apparent wind velocity see section 1.4.1 m/s
Vwr TWS True wind velocity see section 1.4.1 m/s
Xr Dimensionless Fetch gF/U1
Height above the sea sur-
z : m
face in meters
Pwa AWA Apparent wind angle (rela- see section 2.6 rad
tive to vessel course)
Pwr TWA True wind angle (relative see section 2.6 rad
to vessel course)
Ow Wind direction rad
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1.4.3 Ice Mechanics
1.4.3.1 Basic Quantities
Ei Modulus of elasticity of ice Pa
S Salinity of ice Weight of salt per unit 1
weight of ice
. Weight of dissolved salt per
Sw Salinity of water unit weight of saline water !
ta Temperature of air °C
t) Local temperature of ice °C
tw Temperature of water °C
ol Deflection of ice sheet ;;(e;retlcal elevation of ice sur- m
&l Ice strain Elongation per unit length |1
g Ice strain rate e/ 1/s
2 Poisson's ratio of ice 1
VA Relative volume of air Volume of_gas pores per unit 1
volume of ice
VB Relative volume of brine Vqlume of Ilqu!d phase per 1
unit volume of ice
Vo Total porosity of ice Vo =Va+ VB 1
Pl Mass density of ice Mass of ice per unit volume |kg/m®
PSN Mass density of snow E/Irszs of snow per unit vol- kg/m?®
PW Mass density of water kg/m®
P4 Density difference P4 = pw - pi kg/m?®
acl Compressive strength of ice Pa
OF| Flexural strength of ice Pa
oTl Tensile strength of ice Pa
TS| Shear strength of ice Pa
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1.5 Noise
1.5.1 Underwater Noise
Distance hydrophone to
d . m
acoustic centre
LP
252
L, Sound pressure level =10 log, <$> dB, Pres
pref
=1pPa
Ls
Underwater sound radiated | = Lp
Lq noise level at a reference dis- d
tance of 1m + 20 logs y dB, d, s
=1m
p Sound pressure Pa




ITTC Symbols

2 Ships in General

Version 2024 2.1 Basic Quantities 49
ITTC Acronvm Name Definition or Sl-
Symbol y Explanation Unit

2. SHIPS IN GENERAL

2.1 Basic Quantities
a, at Ll_near or translatory acceler- dv/ dt m/s?

ation

A Area in general m?

B Breadth m

C. F, Cross force Force normal to lift and drag N
(forces)

C

Cc Cross force coefficient Cc = q_A 1
Force opposing translatory ve-

D, F5 Resistance, Drag (force) locity, generally for a com- N
pletely immersed body

d,D Diameter m

E Energy J

f Frequency 1/T Hz

F, F° Force N

. . Weight force / mass, strength 2

g Acceleration of gravity of the earth gravity field m/s

h Depth m

H Height m

I Moment of inertia Second order moment of a kg m?
mass distribution

L Length m

L. EFs Lift (force) Force perpendlcular to transla- N
tory velocity

m Mass kg

M, FL Moment of forces F_|rst.ord_er moment of a force Nm
distribution

M Momentum Ns

0N Frequency or rate of revolu- |Alias RPS (RPM in some pro- Hz

' tion pulsor applications)

P Power W

r,R Radius m

R, F71 Resistance (force) ::oocri('ij opposing translatory ve- N

S Distance along path m

t Time S

t Temperature K
Duration of a cycle of a repeat-

T Period ing or periodic, not necessarily |s
harmonic process

U Un_dlsturbed velocity of a m/s

fluid
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v, VA Linear or translatory velocity ds / dt m/s
of a body

v Volume m®
Welght den_3|ty, formerly AW/ dv = pg N/m?
specific weight

W Weight (force), gravity force N
acting on a body
Relative mass or weight, in |Mass density of a substance di-

y English speaking countries |vided by mass density of dis- |1
called specific gravity tilled water at 4°C

n Efficiency Ratio of powers

p Mass density dm/dv kg/m?®
water density for reference

0 water temperature and salt kg/m3
content

PA Mass density of air Mass of air per unit volume kg/m?®
7 Tangential stress Pa
1 Scale ratio Ship dimension divi_ded by cor- |,

responding model dimension
o Normal stress Pa
) Circular frequency 2nf 1/s
w, V° Rotational velocity 271n rad/s
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2.2 Geometry and Hydrostatics

2.2.1 Hull Geometry

2.2.1.1 Basic Quantities

The area of the ram pro-
AsL Area of bulbous bow in lon- |jected on the middle line M2
gitudinal plane plane forward of the fore
perpendicular
The cross-sectional area at
the fore perpendicular.
Where the water lines are
Area of transverse cross-sec- |rounded so as to terminate
At tion of a bulbous bow (full  |on the forward perpendicular {m?
area port and starboard) Agr is measured by continu-
ing the area curve forward to
the perpendicular, ignoring
the final rounding.
Awm Area of midship section Midway between foreand |,
aft perpendiculars
Cross-sectional area of tran-
At Area of transom (full area som stern below the load m?
port and starboard) :
waterline
Area of portion of ship
. above waterline projected 2
Av Area exposed to wind normally to the dF;reJction of |
relative wind
Transverse projected area|Projected area of the ship
Axy above the waterline including|above the waterline projected|m?
superstructures on a transversal plane
Aw Area of water-plane m?
Awa Area of water-plane aft of M2
midship
Awe Area of water-plane forward M2
of midship
Area of maximum transverse 2
Ax . m
section
Breadth, moulded, of ship’s
B m
hull
Breadth, moulded of mid-
Bwm ship section at design water m
line
Breadth, moulded of tran-
Bt . . m
som at design water line
BuiL Maxir_num mouI(_jed breadth m
at design water line
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Breadth, moulded of maxi-

Bx mum section area at design m

water line

a1 Draught, moulded, of ship m

hull

dkL Design drop of the keel line Tap-Tro alias “keel drag™
or “slope of keel

D Depth, moulded, of a ship m

hull
From the freeboard markings

f Freeboard to the freeboard deck, ac- m
cording to official rules
Angle of waterline at the

Ie Angle of entrance, half bow with refe_rence o centre rad
plane, neglecting local shape
at stem
Angle of waterline at the

i Angle of run, half stern with reference to the rad
centre-plane, neglecting lo-
cal shape of stern frame
Reference length of ship

L Length of ship (generally length between  |m
the perpendiculars)

From the forward perpendic-

Le Length of entrance ular to the_forward end of m
parallel middle body, or
maximum section

Loa Length, overall m

Los Length, overall submerged m

L Length of parallel middle Length of constant trans-

p . m
body verse section

Lo Length between perpendicu- m

lars
From section of maximum
area or after end of parallel

Lr Length of run middle body to waterline ter-|m
mination or other designated
point of the stern

Lwi Length of waterline m

Lrs Frame spacing used for structures m

Lss Station spacing m

S Area of wetted surface m?
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The intercept of the tangent
Taylor tangent of the area  |to the sectional area curve at
t e .1
curve the bow on the midship ordi-
nate

T d rI]DUrﬁught, moulded, of ship m

Ta, da Draught at aft perpendicular m
Design draught at aft per-

Tap pendicular m

Te. de D_raught at forward perpen- m
dicular
Design draught at forward

Trp . m
perpendicular

Maximum draught of the
TH Draught of the hull hull without keel or skeg |
s (Ta+ Tr) / 2 for rigid bodies
Tm, dm Draught at midship with straight keel m
Tmp Design draught at midship i(;-SAD * Teo) /2 for rigid bod-
Vertical depth of trailing
Tr Immersion of transom edge of boat at keel below |m
water surface level
v,V Displacement volume A4/(pg) = Ven+ Vap m?
Displacement volume of 3
Ven bare hull Aen/(p g m
Displacement volume of ap- 3
Varp pendages Aae /(p &) m
Displacement force (buoy-
A ancy) gpV N
Displacement force (buoy-
Aen ancy) of bare hull gp Ve N
Displacement force (buoy-

Anep ancy) of appendages gp Ve N

Am Displacement mass pV kg

. . /2 =Ls/Lw=Bs/Bwm

A Linear scale of ship model |_ Ts/ Ty 1

2.2.1.2 Derived Quantities
R.E. Froude's breadth coeffi-

c /3

B cient B/ V! .

Cs Block coefficient VI(LBT) 1

Cam D_|men5|onless GM coeffi- T A 1
cient

Coz D_|men5|onless GZ coeffi- T7 | TAB 1
cient
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Cre D_|men3|onless K G coeffi- KCIT 1

cient
Coefficient of inertia of wa- 3
Cic ter plane, longitudinal 121.7(BL) !
Crr Coefficient of inertia of wa- 12 1t/ (B° L) 1
ter plane, transverse
Midship section coefficient
Cwm (midway between forward |Am/ (B T) 1
and aft perpendiculars)
Co If_.o_ngltudlnal prismatic coef- VI (Ax L) or v/ (Au L) 1
icient
C Prismatic coefficient, after |Va/(AxL/2)or 1
PA body Val (AmL /2)
c Prismatic coefficient, en- Ve | (Ax Lg) or 1
PE trance Ve / (Am L)
C Prismatic coefficient fore Vel (AxL/2)or 1
PF body Vel (Am L/ 2)
. . - VR I (Ax LRr) or
C Prismatic coefficient, run 1
PR VR (Am LRr)
Cs Wetted surface coefficient |S/ (V L)Y? 1
Cvp Prismatic coefficient vertical | V/ (Aw T) 1
Cua ;/1\:/tater plane area coefficient, Awal (BL/2) 1
Water plane area coefficient,
Cwr forward Awr/(BL/2) 1
Cwe Water plane area coefficient |Aw /(L B) 1
. . |Ax/ (B T),where Band T are
Maximum transverse section o
Cx - measured at the position of |1
coefficient X
maximum area
Cv Volumetric coefficient viL® 1
Area coefficient for bulbous
faL bow AL/ (LT) 1
Taylor sectional area coeffi-
for cient for bulbous bow Aet [ Ax !
Sectional area coefficient for
fr transom stern At/ Ax !
R.E. Froude's length coeffi-
MC cient, or length-displacement|L / V273 1
ratio
<C R.E. Froude's wetted surface | 5 1
area coefficient e
R.E. Froude's draught coeffi-
C /3
T cient T/ WV 1
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2.2.1.3 Symbols for Attributes and Subscripts

A
AP
APP
B
DW
E

F

FP
FS
H
RL
LP
LW
M
PB
R
SS
W

S

After body

After perpendicular

Appendages
Bare hull

Design waterline
Entry

Fore body

Fore perpendicular

Frame spacing
Hull

Reference Line
Based on LPP
Based on LWL
Midships
Parallel body
Run

Station spacing
Water plane
Wetted surface



ITTC Symbols

2 Ships in General
2.2 Geometry and Hydrostatics

Version 2024 2.2.2 Propulsor Geometry 56
ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit
2.2.2 Propulsor Geometry
2.2.2.1 Screw Propellers
Developed blade area of a

Ap Developed blade area screw propeller outside the  |m?
boss or hub
Expanded blade area of a

Ae Expanded blade area screw propeller outside the  |m?
boss or hub

Ao Propeller Disc Area nD* 4 m?
Projected blade area of a

Ap Projected blade area screw propeller outside the  |m?
boss or hub

ap Developed blade area ratio  |Ap/ Ao 1

ae Expanded blade area ratio  |Ae / Ao 1

ap Projected blade arearatio  |Ar/ Ao 1

C Chord length m

Co.7 Chord length Chord length at r/R=0.7 m
The part of the Chord delim-
ited by the Leading Edge

oL Chord, leading part and the intersect_ion between m

’ the Generator Line and the

pitch helix at the considered
radius
The expanded or developed
area of a propeller blade di-

Cu Mean chord length vided by the span from the |
hub to the tip
The displacement between
middle of chord and the

cs Skew displacement blade reference Iine._ Positive
when middle chord is at the
trailing side regarding the
blade reference line
The part of the Chord delim-
ited by the Trailing Edge and

oo Chord, trailing part the intersect!on between Fhe m

’ Generator Line and the pitch

helix at the considered ra-
dius

dn Boss or hub diameter 2 Ih m

dna Hub diameter, aft Alt O!iam.emf of the hub, not
considering any shoulder

dre Hub diameter, fore Fore_diar_neter of the hub, not
considering any shoulder
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D Propeller diameter m
f Camber of a foil section m
Gy Ealzgebsetween the propeller 2 7rsin (g) /2 m

The depth of submergence
h . of the propeller measured
0 Immersion .
vertically from the propeller
centre to the free surface
. Distance between the propel-

Hre Hull tip clearance ler sweep circle and thF()a hEII m
The displacement from the
propeller plane to the gener-

i, Rk(1ISO) Rake ator line in the direction of |m
the shaft axis. Aft displace-
ment is positive rake.

The axial displacement of a
blade section which occurs

is Rake, skew-induced when the propeller is m
skewed. Aft displacement is
positive rake
The axial displacement of
the blade reference line from

IT Rake, total the propeller plane m
ic +is= CsSing
Positive direction is aft.

The length of the hub, in-

In Hub length cluding any fore and aft m
shoulder
Length of the hub taken
from the propeller plane to

hha Hub length, aft the aft enz o?the hﬁb includ-|™
ing aft shoulder
Length of the hub taken
from the propeller plane to

e Hub length, fore the fore eFr)1d gf the F?wb in- "
cluding fore shoulder

Np Number of propellers 1

p Pitch ratio P/D 1

P Propeller pitch in general m

r Blade section radius m

I Hub radius m

R Propeller radius m

t Blade section thickness m
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Thickness on axis of propel- Thickness of propeller blade
to I as extended down to propel- |m
er blade | )
er axis
XB Boss to diameter ratio dn/D
Longitudinal propeller posi- Distance of propeller centre
Xp tion fqrward of the after perpen- |m
dicular
Transverse distance of wing
yp Lateral propeller position propeller centre from middle |m
line
Z 1 Number of propeller blades 1
Zp Vertical propeller position aHbec:\%ztb(;fsgrl?r?:”er centre
« Angle of inclination of the  |Angle between propeller deg
propeller shaft shaft and horizontal
Propeller axis angle meas-
& y°F ured to body fixed coordi- ,IA_\ngIe between reference | .,
ine and propeller shaft axis
nates
The angular displacement
about the shaft axis of the
reference point of any blade
0, Skew angle sectiqn relative to t_he gener- | 4
ator line measured in the
plane of rotation. It is posi-
tive when opposite to the di-
rection of ahead rotation
0 Angle of rake rad
The difference between
OexT Skew angle extent maximum and minimum lo- |rad
cal skew angle
p IF:aIrtCh angle of screw propel- arctg (P / (2 7 R)) 1
Pitch angle of screw propel- 1
oF ler measured to the face line
Propeller axis angle meas- |Angle between horizontal
w® ured to space fixed coordi- |plane and propeller shaft rad
nates axis
78 Blade thickness ratio to/ D 1
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2.2.2.2 Ducts
Apen Duct entry area m?
Apex Duct exit area m?
do Propeller tip clearance C_:Iearan_ce between propeller m

tip and inner surface of duct
fo Camber of duct profile m
Lp Duct length m
Axial distance between lead-
Loen Duct entry part length ing edge of duct and propel- |m
ler plane
Axial distance between pro-
Loex Duct exit length peller plane and trailing edge|m
of duct
tp Thickness of duct profile m
Angle between nose-tail line
oD Duct profile-shaft axis angle |of duct profile and propeller |rad
shaft
. Angle between inner duct
fo Diffuser angle of duct tailgline and propeller shaft rad
2.2.2.3 Waterjets (see also section 1.3.5)
Ay, Ag Nozzle discharge area 2
Cross sectional area at sta- 2
Ag : m
tion s
D Impeller diameter (maxi- m
mum)
D, Nozzle discharge diameter m
Hy; Head between station i and j m
Pjsg
Hig Jet System Head Q_J m
maximum height of cross
hia sectional area of stream tube m
at station 1A
. gH
Ky Head coefficient: D8 1
2.2.2.4 Pods
Aee We_tted Surface Area of Pod m2
Main Body

Aver Wetteq Surface Area of Bot- m?2

tom Fin

Aps Wetted Surface Area of Strut m?
Carre Thickness: Cord Ratio of 1

Bottom Fin
Cere Thickness Cord Ratio of 1
Strut
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D Maximum Diameter of Pod m

i Body
Lrs Length of Pod Main Body m
. Code length of bottom fin
Lrer Length of Bottom Fin under pod main body
Code length of strut between

Les Length of Upper Strut forward edge and aft edge

Tras Bottom Thickness of Strut m
2.2.2.5 Operators and identifiers

a absolute (space) reference (superscript)

b body axis reference (superscript)

P propeller shaft axis (subscript)

D Duct (subscript)
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2.2.3 Appendage Geometry

Related information may be found in Section 3.3.3 on Lifting Surfaces.

2.2.3.1 Basic Quantities
Ac Area under cut-up m?
Arg Area of bow fins m?
Aer Erontal area Projected frontal area of an m2

appendage
ArF Projected flap area m?
AR Lateral rudder area fl\z;f)a of the rudder, including) .,
Arx Lateral area of the fixed part m?
of rudder
Lateral area of rudder in the 2
Arp m
propeller race
ARt Total lateral rudder area  |Arx + Armov m?
Ars Projected area of stern fins m?
Ask Projected skeg area m?
Swek Wetted surface area of bilge M2
keels
Cc Chord length of foil section m
CMm Mean chord length ArT/S m
CR Chord length at the root m
Cr Chord length at the tip m
f Camber of an aerofoil ora |Maximum separation of me-
. . N m
hydrofoil dian and nose-tail line
Lr Length of flap or wedge :\éllefos l:(r:edl in direction paral-
t Maximum thickness of an  |Measured normal to mean
aerofoil or a hydrofoil line
OFB Bow fin angle rad
OFs Stern fin angle rad
Angle between the planing
OF Flap angle (general) surface of a flap and the bot- |rad
tom before the leading edge
Angle between the planing
surface of a wedge and the
ow Wedge angle bottom before thg leading rad
edge
OFR Flanking rudder angle rad
. Initial angle set up durin
OFRin Assembly angle of flanking the asserr?bly as zgro angglje rad
rudders :
of flanking rudders
OR Rudder angle rad
ORF Rudder-flap angle rad
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AR Rudder taper cr/cr 1
AFR Flanking rudder taper 1
AR Rudder aspect ratio br? / ArT 1
Arr Flanking rudder aspect ratio

2.2.3.2 ldentifiers for Appendages (Subscripts)

BK Bilge keel
BS Bossing

FB Bow foil
FR Flanking rudder
FS Stern foil
KL Keel

RU Rudder

RF Rudder flap
SA Stabilizer
SH Shafting
SK Skeg

ST Strut

TH Thruster
WG Wedge
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2.2.4 Hydrostatics and Stability
2.2.4.1 Points and Centres (Still under construction)
Assumed centre of gravity
A above keel used for cross
curves of stability
Centre of flotation of added
b buoyant layer or centre of
lost buoyancy of the flooded
volume
B Centre of buoyancy Centroid of the underwater
volume
F Centre of flotation of the wa-
ter plane
Centre of gravity of an
g added or removed weight
(mass)
G Centre of gravity of a vessel
K Keel reference
M Metacentre of a vessel ,ﬁg‘; subscripts for qualifica-
Longitudinal distance from
Xcs - Leg Longitudinal centre of buoy- |reference point to the centre m
' ancy (LCB) of buoyancy, B such as Xmcr
from Midships
Longitudinal distance from
Xer - Lo I__ongitudinal centre of flota- referenc_e point to the centre m
' tion (LCF) of flotation, F such as Xmcr
from Midships
Longitudinal distance from
N reference point to the centre
Xet Longitudinal centre of buoy- of buoyangy of the added m
ancy of added buoyant layer b
uoyant layer, b such as xmco
from Midships
Longitudinal distance from
N reference point to the centre
Xcf I__ongltudlnal centre of flota- of flotation of the added m
tion of added buoyant layer
buoyant layer, f such as Xmct
from Midships
Longitudinal distance from
N reference to the centre of
Longitudinal centre of grav- .
Xcg ity of added weight (mass) gravity, g,_of an added or re- |m
moved weight (mass) such
as Xmcg from Midships
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ITTC Definition or Sl-
Acronym Name . .
Symbol Explanation Unit
Longitudinal distance from a
Xes - Les Longitudinal centre of grav- |reference point to the centre m
’ ity (LCG) of gravity, G such as Xuce
from Midships
. Lateral distance from a ref-
Lateral displacement of cen- )
Yce : erence point to the centre of |m
tre of gravity (YCG) .
gravity, G
Intersection of righting arm
Z with line of action of the
centre of buoyancy
Vertical distance from refer-
ZcB Vertical centre of buoyancy |ence point to the centre of |m
buoyancy, B
2.2.4.2 Static Stability levers
E Longitudinal centre of buoyancy |Distance of centre of buoyancy m
from aft perpendicular from aft perpendicular
— Distance of centre of flotation m
AF from aft perpendicular
AG Longitudinal centre of gravity Distance of centre of gravity from m
L from aft perpendicular aft perpendicular
_ Transverse distance from assumed
AG T centre of gravity A, to actual cen- m
tre of gravity G
_ Vertical distance from assumed
AG centre of gravity A, to actual cen- m
v tre of gravity G
Righting arm based on horizontal .
AZ digancg from assumed centre of Generally tabL_jl_ated h Cross m
: curves of stability
gravity A, to Z
Distance from the centre of buoy-
— Transverse metacentre above cen- |2NCY B to the transverse metacen-
BM tre of buoyancy tre M. o m
BM=1,/V=KM-KB
P— Longitudinal metacentre above 7 vo
BM L centre of buoyancy KM - KB
ﬁ Longitudinal centre of buoyancy, |Distance of centre of buoyancy m
Lce, from forward perpendicular  |from forward perpendicular
EE Longitudinal centre of floatation, |Distance of centre of flotation m
Lcr, from forward perpendicular  |from forward perpendicular
EG Longitudinal centre of gravity Distance of centre of gravity from m
from forward perpendicular forward perpendicular
Horizontal stability lever caused
GGy by a weight shift or weight addi- m
tion
Longitudinal stability lever caused
EL by a weight shift or weight addi- m
tion
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—_— = Vertical stability lever caused by a | >  ——= —_—

GG,,GGy weight shift or weight addition KGy = KGo + GG, m
Distance of centre of gravity to the
GM Transverse metacentric height metacentri m
KM . KG
WEFF Effective transverse metacentric GM  .orrected for free surface m
height and/or free communication effects
Distance from the centre of gravity
—_— Longitudinal centre of metacentric |G to the longitudinal metacentre
GM,, height Mc m
GML = KML - KG
GZ Righting arm or lever G_Z =AZ — AGy sing- m
AG 1 cosp
GZpmax Maximum righting arm or lever m
_ Assumed centre of aravity above Distance from the assumed centre
KA moulded base or kegl y of gravity A to the moulded base |m
or keel K
L Centre of buovancy above Distance from the centre of buoy-
KB moulded baseyor kgel ancy B to the moulded base or m
keel K
KG Centre of gravity above moulded |Distance from centre of gravity G m
base or keel to the moulded base or keel K
. Vertical centre of gravity of added | . .
. Distance from centre of gravity, g,
Kg g;;srg:)\ligglwelght above mouilded to the moulded base or keel K m
Transverse metacentre above Distance from the transverse meta-
KM moulded base or keel centre M to the moulded base or |m
keel K
— Longitudinal metacentre above Distance from the longitudinal
KM L moulded base or keel metacentre My to the moulded m
base or keel K
| Longitudinal trimming arm XcG - XcB m
t Equivalent transverse heeling arm |Heeling moment /4 m
2.2.4.3 Derived Quantities
Dimensionless GM coeffi- |—
Cam imensionless GM coe TiI/ A 1
cient
Dimensionless GZ coeffi- | —
Coz : GZ | VAR 1
clent
Cre D_|men5|onless K G coeffi- XC/T 1
cient
Trimming moment divided
c Longitudinal trimming coef- |by change in trim which ap-
MTL ficient proximately equals
BML/L
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2.2.4.4 Intact and Damage (Flooded) Stability

trimming moment divided
C Longitudinal trimming coef- [by change in trim which ap- L
ML ficient proximately equals
BM, /L
From the freeboard markings
f Freeboard to the freeboard deck, ac- m
cording to official rules
Asi, las Attained subdivision index |(to be clarified) 1
AGZ Other moments such as
. .- [those of capsizing, heeling,
Ms El;/elcr)]rerlzvt of ship stability in etc. will be represented by  |[Nm
MS with additional sub-
scripts as appropriate
m Ship mass W/g kg
Mrc Moment_to change trim by Nm/em
one centimetre
Moment to change trim b
Mtm one meter g y ACmTL Nm/m
Rsi Required subdivision index 1
ts, tkL Static trim Ta-Tr-dkL m
W Ship weight mg N
ZsF Static sinkage at FP Caused by loading m
ZsA Static sinkage at AP Caused by loading m
Zs Mean static sinkage (zsk+zsa) /2 m
0 Finite increment in... Prefix to other symbol 1
OtKL Change in static trim m
Displacement (buoyant

4 forcpe (oueyam gpV N
Am Displacement mass pV kg
vV Displacement volume A/ (pg) m?

Displacement volume of
Viw rooF:jed water Afu/ (p2) m’
Os Static trim angle tan((zsk - zsa) / L) rad
The ratio of the volume of
: Volumericpermeability | R al volumé of
the compartment
¢ Heel angle rad
o Heel angle at flooding rad
Heel angle for vanishing sta-
dvs bility ) ) rad
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2.2.4.5 Symbols for Attributes and Subscripts (under construction)

a apparent

A, att attained

d, dyn dynamic

e, EFF effective

f false

KL keel line

L longitudinal

MAX maximum

MTL longitudinal trimming moment

R, req required (to be clarified)

S Static

S, sqt Sinkage, squat

TC Trimincm

™ Triminm

T transverse

\Y vertical

0 Initial

@ at heel angle ¢

0 at trim angle
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2.3 Resistance and Propulsion

2.3.1 Hull Resistance

(see also Section 1.4.1 on Waves)

2.3.1.1 Basic Quantities

Maximum transverse area of
m Blockage parameter model ship divided by tank |1
Cross section area
Incremental resistance to be
Model-ship correlation al-  |added to the smooth ship re-
Ra . N
lowance sistance to complete the
model-ship prediction
Raa Air or wind resistance N
Rapp Appendage resistance N
Rar Roughness resistance N
. ) + +
Resistance corrected for dif- E-;_M-II-:(I:(L) Ck) cif'\é':c] Cr]/
ference in temperature be- MR
Rc . where Cemc is the frictional |N
tween resistance and self- Ffici h
ropulsion tests coefficient at the t(_amperature
P of the self-propulsion test
R Frictional resistance of a Due to fluid friction on the N
F body surface of the body
Frictional resistance of a flat
Rro N
plate
. Due to the normal stresses
Rp Pressure resistance N
over the surface of a body
. . Due to normal stress related
Rpv Viscous pressure resistance . : N
to viscosity and turbulence
Rr Residuary resistance Rt - Rror Ry-Rro N
Residuary resistance of the
RreH bare hull N
Rs Spray resistance Due to generation of spray  |N
Rt Total resistance Total towed resistance N
RreH Total resistance of bare hull N
Rv Total viscous resistance Rr + Rpv N
Rw Wave making resistance Due to formation of surface N
waves
) . Associated with the break-
Rws Wave breaking resistance down of the bow wave N
Rwp Wave pattern resistance N
Wetted surface area, under- 2
+
S way SeH + Sapp m
So Wetted surface area, at rest [SgHo + Sappro m?
Sapp Appendage wetted surface M2
area, underway
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Appendage wetted surface )
SAPPO area, at rest m
Bare Hull wetted surface 2
SeH m
area, underway
Seno Bare Hull wetted surface m?
area, at rest
ACF Roughness allowance 1
Speed of the model or the

\Y . m/s

ship

Vk Speed in knots
Vwr Wind velocity, relative m/s
ZvF Running sinkage at FP m
ZvA Running sinkage at AP m
Zym Mean running sinkage (zve +2va) 1 2 m
n Wave Elevation see 3.4.1 m
N 0o gRll;nnlng (dynamic) trim an- tan"((zve - zva) / L) 1
™w Local skin friction see 3.3.4 N/ m?

2.3.1.2 Derived Quantities

Incremental resistance coef-
Ca ficient for model ship corre- 1
lation
Air or wind resistance coef- |Raa/ (S 0)
Can ficient =Cp, LA%=_(, Pa%V !
i ps S ps Ss

Capp ﬁggirt]dage resistance coef- Rasp/ (S ) 1

Co Drag coefficient D/(Sq) 1
Air or wind resistance coef- Raa

Coa ficient, from wind tunnel Tl 1
tests vzPaV
Frictional resistance coeffi-

Cr cient of a body Re/(Sa) .
Frictional resistance coeffi-

Cro cient of a corresponding Rro/ (S Q) 1

plate

Cp Local pressure coefficient 1

Pressure resistance coeffi-

Cer cient, including wave effect Re/(S0) 1
Coy (\:/olz;:gg?eﬁ:essure resistance Rev/ (S q) 1
Cr (F:eig.:,]ltduary resistance coeffi Re/ (S Q) 1
Cs Spray resistance coefficient |Rs/ (S q) 1
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Cr Total resistance coefficient |Rt/ (S Q) 1
CrL T_elfers resistance coeffi- gRL/ (V) 1
cient
ualified resistance coeffi-
Cro gent Crv/ (munR) 1
Crv Resistance displacement  |Rt/ (V23 q) 1
Total viscous resistance co-
Cv efficient Rv/(Sq) !
Wave making resistance co-
Cw efficient Rw/ (S q) !
C Wave pattern resistance co- 1
WP efficient, by wave analysis
Air or wind resistance coef-
Cx ficient, usually from wind|-Raa/ (Av Qr) 1
tunnel tests
R.E. Froude's resistance co-
C 2
C efficient 1000 Rt / (4(K®)?) 1
R.E. Froude's frictional re-
C 2
F sistance coefficient 1000 R / (4(K°)) .
Ratio of tangential force to
f Friction coefficient normal force between two |1
sliding bodies
Three-dimensional form
k factor on flat plate friction (Cv - Cro) / Cro !
k(0) Wind direction coefficient |Caa/ Caao 1
KC R.E. Froude's speed dis-  |(4 )Y Frv or
placement coefficient (4n/g)V?Vil VA
Resistance coefficient corre- 4 2
Kr sponding to Ko, Kt R/ (p D7) !
Dynamic pressure, density [p 12/ 2 Pa
a of kinetic flow energy, see 3.3.2
Dynamic pressure based on |p Vwr?/ 2 Pa
ar apparent wind see 3.4.2
c R. E. Froude’s wetted sur- i
S . > 1
face coefficient 73
. Reglstance-dlsplacement | p /4 1
tio in general
Residuary resistance-dis-
oR placement ratio Rr/4 .

2.3.1.3 Symbols for Attributes and Subscripts

FW Fresh water

MF Faired model data
MR Raw model data
ow Open water
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SF Faired full scale data
SR Raw full scale data

SW Salt water
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SI-
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2.3.2  Ship Performance
2.3.2.1 Basic Quantities

Transverse projected area|Projected area of the ship
Axy above the waterline including|above the waterline projected|m?
superstructures on a transversal plane
Towing force applied to a
- . . model to correct the model
Friction deduction force in . .
Fo self-propulsion test resistance for different Re [N
between model and full
scale.
Fo Force pulling or towing a
ship
Fro Pull during bollard test
s Roughness height of Hull
surface
Frequency, commonly rate
n - Hz
of revolution
P Brake power rnc;v\\;g: delivered by prime W
p Brake power in representa- W
BwW tive sea condition
Po. Po FII))oe\:\i/:e/rered power, propeller 0 W
Delivered Power, corrected
Por using correlation factor Por = Cp - Pos W
Pc . Pr E;C\a/give power, resistance RV W
P, Indicated power Determined fforr_l pressure |,/
measured by indicator
Ps Shaft power Power measured on the shaft W
Pr Thrust power TVa W
Q Torque Po/w Nm
Full scale resistance without
R, N
overload
Total resistance in wind and
Rry N
waves
tv Running trim m
V Ship speed m/s
Equivalent propeller open
Va Propeller advance speed water speed based on thrust |m/s
or torque identity
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ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit
Design ship speed when the
v ship is in operation in a calm m/s
ref sea condition (no wind and
waves)
Design ship speed when the
V, ship is in operation under the m/s
representative sea condition
Running sinkage of model or
Zy . m
ship
1) Rotational shaft velocity 271n 1/s
2.3.2.2 Derived Quantities
a Resistance augment fraction |(T - R1) /Ry 1
Bs Bluntness coefficient 7.5-04-01-01.1 1
Cabm Admiralty coefficient A%3 VB | Ps 1
Cor Eicé\;]v:r-dlsplacement coeffi- P/ (p V3 122/ 2) 1
Trial correction for propeller
Cn rate of revolution at speed  [nt/ns 1
identity
Trial correction for propeller
Cnp rate of revolution at power |Ppt/ Pps 1
identity
Trial correction for delivered
Cr 1
power
Weather factor, a non-dimen- fwspeed in wind and waves
f sional coefficient indicating|= soeed in calm water 11
w the decrease of speed in rep- v p
resentative sea conditions  |= -
Vref
K Ship model correlation fac- y 1
! tor for propulsive efficiency |7°S’ 1PV
Ship model correlation fac-
K2 tor for propeller rate revolu- |ns/ nm 1
tion
Scale effect correction factor
Kapp Appendage correction factor ;%rr):?: dd:: ?ﬁf?g&?ﬁg Sc:?ge
in a self-propulsion test
. . Change of draught, fore and
Sv Sinkage, dynamic aft, divided by length 1
Change of the trim due to
tv Trim, dynamic dynamic condition, divided |1
by length
t Thrust deduction fraction (T-Rp/T 1
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" 'el'a/lor wake fraction in gen- (V-Va) IV 1
WE Froude wake fraction (V-Va)/Va 1

: Propeller speed Va deter-
We Torque wake fraction mined from torque identity
Effect of the rudder(s) on the
WR . 1
wake fraction
: Propeller speed, Va, deter-
W Thrust wake fraction mined from thrust identity !
AR, uves Added wave resistance N
AR ina Added wind resistance N
S Ship-model correlation fac- | . 1
tor for wake fraction M-S
Ship-model correlation fac-
y tor with respect to wr,s 1
we method formula of ITTC
1978 method
Load fraction in power pre-
X diction no Po/Pe -1 1
_ |Ship appendage resistance
S gfpendage scale effect fac divided by model appendage |1
resistance
¢ Load variation coefficient of 1
n the shaft revolution speed
¢ Load variation coefficient of 1
P the delivered power
¢ Load variation coefficient of 1
v the ship speed

2.3.2.3 Efficiencies etc.
1APP Appendage efficiency Pewoarp / Peware, Rrer /Rt |1
- sIj:;)lopeller efficiency behind Pr/Pp=TVal (O o) 1
- %ﬁi:;?;ﬁfulswe efficiency Pe/Pp = Pg/ Pp 1

. Propulsive efficiency in ideal 1
Ipid condition, from model test
ne Gearing efficiency 1
. Pe/Pr=Pr/Pt

NH Hull efficiency —(1-1)/(1-w) 1
Mechanical efficiency of

nm transmission between engine |Pp / P 1
and propeller
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Propeller efficiency in open Pr/Po=TVal(Q o) all
no water quantities measured in open |1
water tests

- (F:’ir:nrf[ulswe efficiency coeffi- Pe / Ps 1

R Relative rotative efficiency |#s /70 1

ns Shafting efficiency Po/Ps=Pp/Ps 1




ITTC Symbols

2 Ships in General
2.3 Resistance and Propulsion

Version 2024 2.3.3 Propulsor Performance 76
ITTC Acronvm Name Definition or Sl-
Symbol y Explanation Unit

2.3.3 Propulsor Performance

2.3.3.1 Basic Quantities
Ao Propeller disc area nD?[4 m?
D Propeller diameter m
N Prc_)peller frequency of revo- Hy

lution
Propeller rate of revolution,
nr corrected using correlationiny = Cy - ng 1
factor
K Roughness height of propel- m
P ler blade surface
Dynamic pressure based on ?
A advance speed pral2 Pa
Dynamic pressure based on ’
ds section advance speed pUsI2 Pa
About spindle axis of con-
: trollable pitch propeller
ndle tor Nm
Qs Spindle torque Qs=Osc+ Qs
positive if it increases pitch
Qsc Centrifugal spindle torque Nm
Hydrodynamic spindle
Qs torque Nm
Ry Pod unit resistance lFjr?istlstance of a podded drive N
T Propeller thrust N
Pod unit resistance sub-
Tu Pod unit thrust tracted from the propeller [N
thrust
To Duct thrqst of a ducted pro- N
peller unit
Propeller thrust of a ducted
Tp . N
propeller unit
T; Total thrl_Jst of a ducted pro- N
peller unit
oo Prc_)peller Thrust along shaft N
axis
Propeller normal force iny
TyP . . . . N
direction in propeller axis
Propeller normal force in z
Tp PP . N
direction in propeller axis
Va Advance speed of propeller m/s
Mean axial velocity at pro-
Vp peller plane of ducted pro- m/s
peller
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Vs :tegf;og advance speed (Va2+ (0.7 R o)) 12 m/s
Yy Pod unit side force N

. . The portion of the resistance
Resistance fraction for one . th
% (load fraction, i) that the i |1
propeller ) .
propeller is responsible for
PP Propeller mass density kg/m?®
Thrust deduction sensitivit AF
a for one propeller V=14 (ﬁ)l 1
1) Propeller rotational velocity |2 7 n 1/s
2.3.3.2 Derived Quantities
Taylor's propeller coefficient n PD/Z/.VAZS .
Br based on delivered horse- W'th n in revs/min, 1
nower Po in horsepower, and
Va in kn (obsolete)
n PTl/z / VA2.5
By Taylor's propeller coefficient|with n in revs/min, 1
based on thrust horsepower |Pt in horsepower, and
Va in kn (obsolete)
Ce Power loading coefficient  |Po/ (Ar ga Va) 1
Cor Torque index Q/(Args D) 1
Thrust loading coefficient, _
Cr energy Ioadin% coefficient ||/ Ao an) = (Te/Ae)/qa 1
Cr= Thrust index T/(ArQs) 1
J Propeller advance ratio Va/(Dn) 1
In. dn fi\c[))parent or hull advance ra- V/(Dn)=Vu/(Dn) 1
Propeller advance ratio for
Jp duc?ed propeller Ve /(D)
Advance ratio of propeller
Jr, Jer determined from thrust iden- 1
tity
Advance ratio of propeller
Jo, Jro determined from torque 1
identity
Kp Delivered power coefficient |Pp/(p n® D% =2 7 Kg 1
Ko Torque coefficient 0/ (p n* D°) 1
Ksc g;er;‘:‘rigi%%? spindle torque Qsc/ (p N2 DY) 1
Hydrodynamic spindle
Ksh to)r/que (‘?(l)efficienr'z Qst/ (p n* D) 1
Kr Thrust coefficient T/ (p n*> D% 1
Duct thrust coefficient for a
Ko ducted propeller unit To/(pn* DY) .
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Propeller thrust coefficient 2 ~d
Kre for a ducted propeller unit Te/(pn” D7) .
K Thrust coefficient achieved 1
Te by torque identity
Total thrust coefficient for a
K ducted propeller unit K+ Ko !
Torque coefficient of propel-
Koo ler converted from behind to |Kqo#r 1
open water condition
Torque coefficient of propel-
Kot ler determined from thrust 1
coefficient identity
P, Propeller jet power nmaTVa
Sa Apparent slip ratio 1-V/(nP) 1
Sr Real slip ratio 1-Val(nP) 1
nD/Va
) Taylor's advance coefficient |with nin revs/min, D in 1
feet, Vain kn
Propeller pump or hydraulic _
P efficiency P/ Po =Pyl P !
Propeller pump efficiency at
13P0 zero advance speed, T/(pn/2) (PoD)¥ 1
alias static thrust coefficient
n Ideal propeller efficiency ﬁﬂ‘il&:lency N OR-VISCOUS 14
T3 Propeller jet efficiency 2/(1+ 1+ Cm)* 1
Propeller efficiency in open Pr/Po=TVa/(Qw) all
Mo, NTPO quantities measured in open |1
water
water tests
A Advance ratio of a propeller Va/(nD)/n=J/n 1
Ratio between propeller
T thrust and total thrust of Te/Tr 1
ducted propeller

2.3.3.3 Induced Velocities etc.

Un Axial velocity induced by m/s
propeller
Axial velocity induced b

Uno duct of ducte)(; propeller ’ m/s

Use Radial velocity induced by ms
propeller of ducted propeller

Uso Radial velocity induced by ms
duct of ducted propeller
Axial velocity induced by

Une propeller of ducted propeller m’s
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Ur Radial velocity induced by m/s
propeller

U Tangential velocity induced m/s

™ by duct of ducted propeller

Tangential velocity induced

U by propeller of ducted pro- m/s
peller

Us Tangential velocity induced m/s
by propeller
Advance angle of a propeller

I3 blade section arctg (Va/r w) rad
i Hydrodynamic flow angle of |Flow angle taking into ac- rad

! a propeller blade section count induced velocity
I Effective advance angle arctg (Va/ (0.7 R w)) rad
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2.3.4 Unsteady Propeller Forces

2.3.4.1 Basic Quantities
Cu Generalized stiffness
Duy Generalized damping

. . u=1,.,6 N
F, ]%e;(r:]grallzed vibratory u=1 2, 3: force N
u=4,5, 6: moment Nm
Fi Vibratory force i=1,2,3 N
Key Generalized vibratory force |According to definitions of 1
coefficients Kri and Kui
KFi Vibratory force coefficients |Fi/ (p n> D% 1
Kui E/i:at;]rétory moment coeffi M:/ (p n? D) 1
Kp Pressure coefficient p/(p n*D? 1
Mi Vibratory moment i=1,2,3 Nm
Muv Generalized mass
p Pressure Pa
. . u=1,.6 N
Ry ﬁ;nrir:cl;izgg vibratory bear- u=1 2. 3: force N
u=4,5, 6: moment Nm
Vi Velocity field of thewake |i=1,2,3 m/s
Origin O coinciding with the
centre of the propeller. The
X longitudinal x-axis coincides |m
y Cartesian coordinates with the shaft axis, positive |m
z forward; the trans-verse y- |m
axis, positive to port; the
third, z-axis, positive upward
Cylindrical system with
origin O and longitudinal x-
axis as defined before; angu-
X . .
o : lar a-(attitude)-coordinate,
a Cylindrical coordinates , o
i zero at 12 0 cIoc_k position,
positive clockwise looking
forward; r distance measured
from the x-axis
. . . u=1,.6 m
5, Glzzzﬁlelrffd vibratory dis- u=1 2 3: linear m
P u=4,5, 6:angular rad
5-u iCt;;neralized vibratory veloc- 3 _ 1263 linear mﬁ
u=4,5, 6:angular rad/s
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: : u=1,..,6 m/s?
5-U gz?i%rr?llzed vibratory accel- u=1 2, 3: linear m/s2
u=4,5,6:angular rad/s?
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ITTC Acronvm Name Definition or Sl-
Symbol y Explanation Unit
2.3.5 Water Jets
Cop Local pressure coefficient (p-po)/(p V?12) 1
c Thrust loading coeffi- L 1
n cient:viscous pressure % pUZA,
Energy velocity coefficient
Ces H 1
at station s
c Momentum velocity coeffi- 1
ms cient at station s
Pressure differential of flow
Dp Pa
rate transducer
Ej Energy flux at station j Ej = (p/2)VedQ W
Qu
. 1, p
Total energy flux at station s H p (Eu +—
E, (kinetic + potential + pres- As p W
Sure) - g]xj uinidA
1 P
— 2 —
£ Total axial (in & direction) HASP (2 ug + p W
s§ energy flux at station s
Skin friction correction in a
P self propulsion test carried N
b out at the ship self-propul-
sion point
Hi Local total head at station 1 m
Mean increase of total head
Has across pump and stator or m
several pump stages
Ivr Intake velocity ratio VIV 1
JWR Jet velocity ratio VIV 1
- Q
K, Impeller tor fficient: |———=
0 peller torque coefficient orZDF
Ky, Flow rate coefficient: @ 1
nD3
— Momentum flux at station s
. e (umn;)dA
M, in i direction ﬂAspul(u]nj) N
. ) Uge
NVR Nozzle velocity ratio: o 1
0
Jet thrust (can be measured
Tix directly in bollard pull con- N
dition)
n Impeller rotation rate Hz
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ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit
n. Unit normal vector in i direc- 1
l tion
p Delivered Power to pump W
b impeller
Py Effective power: RypuUo W
Pisg Effective Jet System Power | Q;Hq,7 W
Ppg Pump effective power: Q;H3s W
Prg Effective thrust power W
0 Ambient pressure in undis- Pa
0 turbed flow
Local static pressure at sta- Pa
Ps tion s
Q Impeller torque Nm
Volume flow rate inside 3/s
Qo boundary layer m
0 Volume flow rate through m3/s
/ water jet system
Rypy Total resistance of bare hull N
Jet thrust (can be measured
Tietx directly in bollard pull con- N
dition)
T Net thrust exerted by the jet N
net system on the hull
. . RTBH
t Thrust deduction fraction 1-¢t)= T 1
net
Uy Free stream velocity m/s
_ Mean energy velocity inidi- | |1 3
Ueis rection at station s ’Q_] f ] ugd4 m/s
_ Mean (total) energy velocity | |1
Ues at station s /Q_]ﬂ u>dA m/s
w Velocity component in i-di- m/s
ks rection at station s
U Velocity at station s m/s
U Local tangential velocity at m/s
v station 7
w Geometric intake width at m
! station 1
Width of capture area meas-
Wia ured over hull surface at sta- m
tion 1A
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Vertical distance of nozzle
Zg centre relative to undisturbed m
surface
AM Change of momentum flux N
— Change in Momentum Flux
AM, in x direction N
Overall propulsive effi- P_E 1
Ip ciency: P,
: - Pisk
Nduct Ducting efficiency: o 1
Ppg
Energy interaction effi- Pisko
Mel ciency: P !
Y- JSE
Ideal efficiency, equivalent | p
. .. . TEO
Ny to jet efficiency in free P 1
stream conditions JSEO
Installation efficiency to ac-
. count for the distorted flow 1
Minst delivered by the jet intake to
the pump
: . - U
MINT Total interaction efficiency: n—el 1-1) 1
ml
. - PTE
Miet Momentum or jet efficiency: P 1
JSE
. P
Ms Jet system efficiency: N 1
D
Momentum interaction effi- | Tneto 1
i ciency: Toet
.. PPE
Np Pump efficiency — 1
Pp
Pump efficiency from a 1
IPo pump loop test
Mo Free stream efficiency: NpNductls 1
Jet angle relative to the hori-
0, zontal at the nozzle (station rad
6)
p Mass density of fluid kg/m3
0 Energy loss coefficient be- 1
H tween station i and j
E3 - El
{13 Inlet duct loss coefficient: 1, 1
ijo
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E, — Es
{57 Nozzle duct loss coefficient: |1 _, 1
7pue6
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2.4.1 Manoeuvrability

ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit
2.4 Manoeuvrability and Seakeeping
2.4.1 Manoeuvrability
2.4.1.1 Geometrical Quantities
see also Section 1.3.1 and Section 1.3.3
Ars Projected area of bow fins m?
The area of the profile of the
underwater hull of a ship
AnL Lateral area of the hull when projected normally m?
upon the longitudinal centre
plane
A Lateral area of hull above 2
LV m
water
Ar Total lateral area of rudder m?
Arimor Lateral area of movable part m2
of rudder
Arn lglec;mlnal lateral area of rud- (Ar + Armov) / 2 M2
br Rudder span Maximu_m distance from m
root to tip
brm Mean span of rudder m
CaL ;](?Sfficient of lateral area of Aac/ (LT) 1
h Water depth m
hwm Mean water depth m
Longitudinal position of rud-
XR . m
der axis
0 Rudder angle, helm angle rad
AR Aspect ratio of rudder br? / Ar 1
2.4.1.2 Motions and Attitudes
0 Roll velocity, rotational ve- 1s
locity about body x-axis
q Pitch velocity, rotational ve- 1s
locity about body y-axis
. Yaw velocity, rotational ve- 1s
locity about body z-axis
Roll acceleration, angular
D acceleration about body x- |dp / dt 1/s?
axis
Pitch acceleration, angular
q acceleration about body y- |dq/ dt 1/s?
axis
Yaw acceleration, angular
2 acceleration about body z-  |dr / dt 1/s?

axis
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ITTC Acronvm Name Definition or Sl-
Symbol y Explanation Unit
Surge velocity, linear veloc-
u ) : m/s
ity along body x-axis
Sway velocity, linear veloc-
Vv . ; m/s
ity along body y-axis
Heave velocity, linear veloc-
W : ; m/s
ity along body z-axis
i Surge gcceleratlon, linear ac-| 4/ dt m/s?
celeration along body x-axis
1.7 Sway a}cceleratlon, linear ac-| 4/ dt m/s?
celeration along body y-axis
Heave acceleration, linear
w acceleration along body z-  |dw / dt m/s?
axis
vV Linear velocity of origin in m/s
body axes
Va,Vo Approach speed m/s
Vu Generalized velocity m/s
v, Generalized acceleration m/s?
VE Flow or current velocity m/s
Vwr Relative wind velocity m/s
Vwr True wind velocity m/s
% Course angle or heading rad
b4 Yaw angle rad
dy Rate of change of course dy / dt rad/s
Yo Original course rad
0 Pitch angle rad
¢ Roll angle rad
2.4.1.3 Flow Angles etc.
. Angle of attack in pitch on
a Pitch angle the hull rad
. Angle of attack in yaw on
S Drift angle the hull rad
Angle of attack of relative
Pwr wind rad
Angle of a control surface,
) rad
rudder angle, helm angle
00 Neutral rudder angle rad
Effective rudder inflow an-
OEFF gle rad
OFB Bow fin angle rad
OFs Stern fin angle rad
OR Rudder angle rad
ORO Rudder angle, ordered rad
wc Course of current velocity rad
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ITTC Acronvm Name Definition or Sl-

Symbol y Explanation Unit

WWA Absolute wind direction see also section 3.4.2, Wind |rad

YWR Relative wind direction rad

2.4.1.4 Forces and Derivatives

Roll moment on body, mo-

K ; Nm
ment about body x-axis

M Pitch moment on body, mo- Nm
ment about body y-axis
Yaw moment on body, mo-

N f Nm
ment about body z-axis

Ny D_erlvatlve of yaw moment N /or Nms
with respect to yaw velocity
Derivative of yaw moment

N; with respect to yaw accelera-|0N /07 Nms?
tion

Ny D(_arlvatlve of yaw moment N /v N
with respect to sway velocity
Derivative of yaw moment

N, with respect to sway acceler-|dN /dv Nms?
ation
Derivative of yaw moment

No with respect to rudder angle IN/06 Nm

Qrs Torque of bow fin Nm

Qr Torque about rudder stock Nm

Qrs Torque of stern fin Nm
Surge force on body, force

X . N
along body x-axis

XRr Longitudinal rudder force N
Derivative of surge force

Xu with respect to surge veloc- |0X/du Ns/m
ity
Derivative of surge force

Xy with respect to surge accel- |0X/du Ns2/m
eration
Sway force, force in direc-

Y . . N
tion of body axis y

Y, Derivative of sway force oy or Ns
with respect to yaw velocity

YR Transverse rudder force N
Derivative of sway force

Y: with respect to yaw accelera-|(dY /dr Ns?
tion

Y, Dferlvatlve of sway force oy ov Ns/m
with respect to sway velocity
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Symbol Explanation Unit
Derivative of sway force

Y, with respect to sway acceler-|dY /ov Ns2/m
ation
Derivative of sway force

Yo with respect to rudder angle Y/98 N
Heave force on body, force

Z . N
along body z-axis
2.4.1.5 Linear Models
Cr Directional stability criterion|Yy (Nr - muxg) - Nv (Yr - mu) |N?s?
Lo, Ib Static stability lever Ny / Yy m
Ld, ld Damping stability lever (Nr - muxg) / (Yr - mu) m
| Time constant of the 1% or- .
der manoeuvring equation

T, First time constant _of s
manoeuvring equation

T, Second time constant of s
manoeuvring equation

T, Third timg constant of s
manoeuvring equation
Gain factor in linear

K . . 1/s
manoeuvring equation
P-number, heading change

Pn per unit rudder angle in one 1
ship length

2.4.1.6 Turning Circles
Dc Steady turning diameter m

, Non-dimensional stead
Dc turning diameter ’ Dc/Lee 1
Do Inherent steady turning di- m
ameter or = 0o
, Non-dimensional inherent
Do steady turning diameter Do /Lee 1
I Loop heigh_t of r-6 curve for rad/s
unstable ship
s Loop width of r-¢ curve for rad
unstable ship
rc Steady turning rate 1/s
re’ a'jfr?i'r?ér?aetgs'ona' steady | | e/Ucor2lee/De |m
Rc Steady turning radius m
teo Time to reach 9_0 degree s
change of heading
Time to reach 180 degree
t1s0 S

change of heading
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Uc Speed in steady turn m/s

Advance at 90° change of
X0%0 heading ’ m
Advance at 180° change of
Xo180 heading ’ m
Xomax Maximum advance m
Y090 Transfer at 90° change of
. m
heading
Tactical diameter (transfer at
Yogo 180° change of heading) m
Yomax Maximum transfer m
fc Drift angle at steady turning rad
2.4.1.7 Zig-Zag Manoeuvres
ta Initial turning time S
i First time to check yaw s
ol (starboard)
i Second time to check yaw s
“ (port)
the Period of changes in heading S
tr Reach time S
Maximum transverse devia-
Yomax tion m
Maximum value of rudder
Omax rad
angle
Switching value of course
Ws rad
angle
Wo1 First overshoot angle rad
Wo2 Second overshoot angle rad
2.4.1.8 Stopping Manoeuvres
s Distance along track, m
track reach
XoF Head reach m
Yor Lateral deviation m
tr Stopping time S
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ITTC

Symbol Acronym

Name

Definition or
Explanation

SI-
Unit

2.4.2 Seakeeping

Related information is to be found in Chapter 3 on General Mechanics in Sections 3.1.2 on Time and
Frequency Domain Quantities, 3.1.3 on Stochastic Processes, 3.2.1 on Inertial Properties,, 3.2.2 on

Loads, 3.2.3 on Rigid Body Motions, and 3.4.1 on Waves.

2.4.2.1 Basic Quantities

Ars Projected area of stern fins m?
Attitudes of the floating =12, 3 €.g. Euler angles

ai of roll, pitch, and yaw, re-  |rad
system .

spectively

f Frequency 1/T Hz

e :arrequency of wave encoun- 1/Te Hz

f Natural frequency of heave |1/ T, Hz

fo Natural frequency of pitch |1/ Ty Hz

fy Natural frequency of roll 1/T, Hz

FL Wave excited lateral shear Alias horizontall N
force

Fu Wave excited normal shear Alias verticall N
force

ML Wave excited lateral bending Alias horizontal! Nm
moment

M Wave excited normal bend- Alias verticall Nm
ing moment
Wave excited torsional mo-

Mt Nm
ment
Mean increased rate of revo-

Naw . . 1/s
lution in waves

Paw Mean power increased in W
waves
Mean torque increased in

Qaw waves Nm
Mean resistance increased in

Raw N
waves

Si(), S0, Wavg elevation aurto speciral see also section 1.4.1, Waves|m?s

Sy(w), Syy(w) density
Absolute displacement of the|i = 1, 2, 3 :surge, sway,

Xi . . . m
ship at the reference point  |and heave respectively
Generalized displacement of |u = 1...6 surge, sway, heave,

Xu . . . m, rad
a ship at the reference point |roll, pitch, yaw
Mean thrust increase in

Taw N
waves

T Wave period S

Te Wave encounter period S

T, Natural period of heave
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Ty Natural period of pitch
T, Natural period of roll

Amplitude of frequency re-
Z\Zg(cﬁ) sponse function for transla- ;aégg ; Ca((i)))) or 1
i tory motions 2 'fa
) s o oy |00 (G or
@ motions al®) PO 86l
Az=w—§ A9=w—: A(p=w—i
A Tuning factor Or
A, = 2 Ao = E A = T_¢
7, T, e,
Angle between ship positive
X axis and positive direction
U Wave encounter angle of waves (long crested) or  |rad
dominant wave direction
(short crested)
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ITTC Acronvm Name Definition or Sl-
Symbol y Explanation Unit
2.4.3 Large Amplitude Motions Capsizing
Assumed centre of gravity
above keel used for cross
A o 1
curves of stability -
199/1.2.4.1
o Longitudinal centre of_buoy- Distance of centre of buoy-
AB ancy from aft perpendicular ancy from aft verpendicular |™
- 199/1.2.4.2 y Perp
Area of deck available to
Ac m2
crew
L Distance of the centre of flo-
AF tation from after perpendicu- m
lar
c Longitudinal centre of grav- |Distance of centre of gravity m
L ity from aft perpendicular  |from aft perpendicular
Transverse distance from as-
AGy sumed centre of gravity A to m
actual centre of gravity G
Vertical distance from as-
AGy sumed centre of gravity A to m
actual centre of gravity G
Lateral area of hull above
ALv m?2
water
ArL Positive area under righting m2
lever curve
IA;\SSI Attained subdivision index 1
Area of sails in profile ac-
As . m?2
cording to ISO 8666
Projected lateral area of the
portion of the ship and deck
Av . m?2
cargo above the waterline -
IMO/IS, IMO/HSC'2000
Righting arm based on hori-
17 zontal distance from as- Generally tabulated in cross m
sumed centre of gravity A to |curves of stability
Z
B Centre of buoyancy Centroid of the underwater
volume
B Breadth between centres of m
B buoyancy of side hulls
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ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit
Distance from the centre of
— Transverse metacentre above buoyancy CB to transverse
BM centre of buoyancy metace?tre M m
BM = FT = KM — KB
— Longitudinal metacentre — = =
BM, above centre of buoyancy BM, = KM, — KB m
Centre of flotation of added
b buoyancy layer or centre of
lost buoyancy of the flooded
volume
b Maximum tank breadth m
: Proportion of boat plan
Co Crew density neeged for crew i
Height coefficient, depend-
Ch ing on the height above sea 1
level of the structural mem-
ber exposed to the wind
Cuop Crew limit Maximum number of per
Trimming moment divided
Currt Longitudinal trimming coef- |by change in trim which ap- 1
ficient - 199/1.2.4.3 proximately equals
BM, /L
Shape coefficient, depending
Cs on the shape of the structural 1
member exposed to the wind
q Draught, moulded, of ship m
hull - 199/1.2.1
q Density coefficient for sub- 1
merged test weights
= Centre of flotation of the wa-
ter plane
F Wind force - IMO/IS
From the freeboard markings
f Freeboard to the freeboard deck, ac- m
cording to official rules
Longitudinal centre of buoy- |Distance of centre of buoy-
FB ancy, Lcg, from forward per- |ancy from forward perpen- |m
pendicular dicular
Longitudinal centre of flota- |Distance of centre of floata-
FF tion, Lcr, from forward per- |tion from forward perpendic-|m
pendicular ular
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— Longitudinal centre of grav- |y, o ¢ centre of gravity
FG ity, from forward perpendic- f 4

ular rom forward perpendicular
G Centre of gravity of a vessel
Centre of gravity of an
g added or removed weight 1
(mass)
Vertical stability lever
GG, caused by a weight shiftor |KG, = KG, + GG, m
weight addition
Horizontal stability lever
GGy caused by a weight shift or m
weight addition
Longitudinal stability lever
GG, caused by a weight shift or m
weight addition
Vertical stability lever
GGy caused by a weight shiftor |KG, = KG, + GG, m
weight addition
Distance of centre of gravity
T tacentri to the metacentre
Y hé?nsverse metacentric CM = KM -G m
ght
(not corrected for free sur-
face effect)
— Effective transverse meta- |0/ Corrected for free sur-
GMgpr centric height face and/or free communica- [m
tion effects
Distance from the centre of
Longitudinal metacentric gravity G to the longitudinal
GM, height metacentre Mg
GM, = KM, — KG
GZ Righting arm or lever GZ = AZ = AGy sin¢- m
AG COS @
Arm of static stability cor-
GZ rected for free surfaces - m
IMO/table
—_— Maximum righting arm or
GZvax lever m
h Maximum tank height m
hoe Height of centre of area of m
Asp above waterline at SSM
HL Heeling lever (due to various m
reasons) - IMO/HSC'2000
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Height of waterline above
hLp centre of area of immersed m
profile
K Keel reference
. Distance from the assumed

— Assumed centre of gravity .

KA centre of gravity A to the m
above moulded base of keel
moulded base of keel or K

L Centre of buovancy above Distance from the centre of

KB yancy buoyancy B to the moulded |m
moulded base of keel
base of keel or K

L Centre of aravity above Distance from the centre of

KG gravity gravity G to the moulded m
moulded base of keel
base of keel or K

L Vertical centre of gravity of |Distance from the assumed

Kg added or removed weight  |centre of gravity, g, tothe |m
above moulded base of keel |moulded base of keel or K
Distance from the transverse
—_— Transverse metacentre above
KM metacentre M to the m
moulded base of keel
moulded base of keel or K
N Distance from the longitudi-
— Longitudinal metacentre
KM, nal metacentre M. to the m
above moulded base of keel
moulded base of keel or K
Roll damping coefficient ex-
k pressing the effect of bilge 1
keels
Length of the vessel on the
L waterline in maximum load m
condition - IMO/IS
Arm of dynamic stability
I corrected for free surfaces - m
IMO/table
I Longitudinal trimming arm | X¢c — Xcg m
I Maximum tank length m
Actual length of enclosed
I superstructure extending m
s from side to side of the ves-
sel
lw Wind heeling lever m
M Metacentre of a vessel ,ﬁgﬁ subscripts for qualifica-
m Ship mass Wi/g kg
Maximum offset load mo-
Mc Nm
ment due to crew
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Minimum capsizing moment

Mc as determined when account Nm

is taken of rolling

Mes Free sur_face moment at any Nm

inclination

Micc Mass in light craft condition kg

Mass in loaded displacement

MLbc .\ . kg

condition according to ...

MmmTL Maximum total load (mass) kg

Mr Heeling moment due to turn- Nm

ing
A GZ . Other moments such
Moment of ship stability in |25 those Of_ capsizing, heel-

Ms general P y ing, etc. will be represented |[Nm
by Ms with additional sub-
scripts as appropriate.

m Mass in standard sailing K

5SC conditions according to ... g

Mre Moment to change trim one Nm/em
centimetre
Moment to change trim one

Mtm meter A CmTL Nm/m
Maximum heeling moment

Mw due to wind Nm
Dynamically applied heeling

My moment due to wind pres- Nm

sure

— Height of centre of gravity

0G above waterline m

Pv Wind pressure Pa

. Effective wave slope coeffi- 1

cient

Rsi Required subdivision index 1

s Wave steepness 1

STIX Actual.stablllty index value 1

according to ...

STIX Required stability index 1

—_— value, see ...

Equivalent transverse heel- .

T ing arm Heeling moment/4 m

TL Turning lever m

b Static trim Ta-Te-dkL m

kL
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\Y :

v Tank total capacity m3
Speed of craft in the turn -
Vo IMO/HSC'2000 m/s
Service speed - IMO/IS
Wind speed used in calcula-
Vw : m/s
tion
W Ship weight mg N
Longitudinal centre of float- Longltudlnal_ distance from
XcB ation of added buoyant layer reference point to the centre |m
of the added buoyant layer, b
XcB Longitudinal centre of buoy- L<]Jcng|tud|nal_ d|stanr$e from
Les ancy (Lcs) reference point to the centre |m
of buoyancy, B
Xcr Longitudinal centre of flota- L(:]Jcngltudmal_ dlstanr:: e from
Lo tion (Lep reference point to the centre |m
of flotation, F
Longitudinal distance from
« Longitudinal centre of grav- |reference point to the centre m
ce ity of added weight (mass) |of gravity, g, of an added or
removed weight (mass)
Xce Longitudinal centre of grav- Lc])cngltudlnal_ dlstanr::e from
Lo ity (Lcc) reference point to the centre |m
of gravity, G
X1, X2 Roll damping coefficients 1
x Distance of down flooding m
P opening from end of boat
. Lateral distance from a ref-
Yca, Lateral displacement of cen- )
tre of gravity (Yca) erence point to the centre of |m
yee gravity, G
Distance of down flooding
Yo . m
opening from gunwale
. Distance of down flooding m
yo opening off centreline
Intersection of righting arm
Z with line of action of the
centre of buoyancy
Vertical distance from the
centre of A to the centre of
the underwater lateral area
Z - ; m
or approximately to a point
at one half the draught -
IMO/IS
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7 Vertical distance from the m

’ centre of A to the waterline
Height above waterline of
D . . m
down flooding opening
ZsA Static sinkage at AP Caused by loading m
Zsr Static sinkage at FP Caused by loading m
Zs Mean static sinkage (zsrtzsa)/2 m
) Tank block coefficient 1
OtkL Change in static trim m
Displacement (buoyant)
A force gpV N
Am Displacement mass pV kg
Vv Displacement volume A/ (p9) m3
Displacement volume of 3
Viw flooded water A/ (pY) m
¢ Heel angle rad
b Heel angle during offset load rad
tests
Maximum permitted heel an-
PREQ) gle during ... rad
/o Actual.down flooding angle rad
according to ...
Required down flooding an-
PoREQ) gle, see... rad
Down flooding angle to non-
goc quick draining cockpits rad
Down flooding angle to any
Por main access hatchway rad
o Heel angle at flooding rad
Angle of heel at which maxi-
PczMAX mum righting moment oc- rad
curs
. Assumed roll angle in a sea- rad
way
Heel angle for vanishing sta-
dus bility rad
Heel angle due to calculation
P wind rad
The ratio of the volume of
. . flooding water in a compart-

H Volumetric permeability 10 togthe total volumepof !

the compartment
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ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit
Capsizing angle under the
6 action of a gust of wind rad
IMO/IS
Heel angle corresponding to
the maximum of the statical rad
stability curve
2 Static trim angle tan™((zse-zsa)/L) rad
Je) (Liquid) mass density kg/m3
PA (Air) mass density kg/m3
o (Water) mass density kg/m3

2.4.4  Symbols for Attributes and Subscripts

s oNTTM>

Aft
Entrance
Fore
Run
Heave
Pitch
Roll
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3. SPECIAL CRAFT
3.1 Planing and Semi-Displacement Vessels
3.1.1 Geometry and Hydrostatics
See also Section 1.2.1, Hull Geometry and Section 1.2.2 Propulsor Geometry
Horizontally projected plan-
Ap Planing bottom area ing bottom area (at rest), ex- | .,
cluding area of external
spray strips
Breadth over spray strips
Breadth at longitudinal posi- |measured at transverse sec-
BiLcc ] . ) L m
tion of the centre of gravity [tion containing centre of
gravity
Brc Breadth over chines Breadth over chines, exclud-
ing external spray strips
Bra Mean breadth over chines  |Ap/Lp m
Breadth over chines at tran-
Bpr Transom breadth som, excluding external m
spray strips
. Maximum breadth over
Maximum breadth over X i
Bpx : chines, excluding external |m
chines :
spray strips
Total length of shafts and
Lse . m
bossings
Lrr Projected chine length Length of chine projected in m
a plane parallel to keel
Angle between a straight
i . line approximating body sec-
B Deadrise angle of planing tion and the intersection be- |rad
bottom .
tween basis plane and sec-
tion plane
i Dea_drlse angle at midship rad
section
Br Deadrise angle at transom rad
Angle between shaft line and
ESH Shaft angle reference line (positive, shaft|rad
inclined downwards)
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3.1.2 Geometry and Levers, Underway

3.1.2.1 Geometry, Underway

. Vertical depth of trailing
Immersion of transom, un-
drr q edge of boat at keel below |m
erway
water surface level
h Wetted height of strut palms
p . m
(flange mounting)
hr Wetted height of rudders m
Wetted chine length, under-
Lc m
way
Distance between centre of
Lever of resultant of pres-
lcp pressure and aft end of plan- |m
sure forces, underway )
ing surface
Wetted keel length, under-
Lk m
way
Mean wetted length, under-
Lm way (Lk +Lc)/2 m
Wetted area underway of Principal wetted area
SwHp : y bounded by trailing edge,  |m?
planing hull . :
chines and spray root line
Wetted bottom area, under- Area bqunded by stagnation )
Sws Wa line, chines or water surface |m
y underway and transom
Total wetted surface of hull
underway, including spray 2
Swre Wetted hull area, underway area and wetted side area. m
w/o wetted transom area
Wetted area of the hull side
Swhs Area of wetted sides above the chine or the design|m?
water line
Wetted area between design
Sws, Ss Area wetted by spray line or stagnation lineand  [m?
spray edge
Angle between projected
keel and stagnation line in a
aB Angle of stagnation line in plane normal to centre rad
plane and parallel to refer-
ence line
Barrel flow anale Angle between barrel axis rad
UBAR g and assumed flow lines
WL Wetted length factor Lm / LwL 1
EWS Wetted surface area factor |S/ Sp 1
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Running trim angle based on Angle betwee_n design water-
fpwi, . . line and running waterline  |rad
design waterline o
(positive bow up)
Angle between ship design
L waterline and actual water
Os, to Static trim angle line at rest (positive bow up) rad
tan™((zsr - zsa) / L)
Angle between actual water
Running (dynamic) trim an- |[line at rest and running water
Ov, Op : o rad
gle line (positive bow up)
tan™((zve - zva) / L)
Mean wetted length-breadth
Aw : g Lm / (BLca) 1
ratio
Running trim angle based on Angle between design water-
r . . line and running waterline  |deg
design waterline o
(positive bow up)
. Reference line anale Angle between the reference rad
pwWL g line and the design waterline
R Angle of attack relative to Angle between the reference
. line and the running water- |rad
the reference line line
Angle between stagnation
@sp Spray angle line and keel (measured in  |rad
plane of bottom)
i . : . Effective increase in friction
Dimensionless increase in .
01 e area length-breadth ratio due |1
total friction area N
to spray contribution to drag
3.1.2.2 Levers, Underway
Lever of appendage lift force Distance between Na and
ea centre of gravity (measured |m
Na
normally to Na)
Distance between Ng and
Lever of bottom normal .
es centre of gravity (measured |m
force Ng
normally to Ng)
Distance between propeller
Lever of propeller normal |centreline and centre of
€PN . m
force Npn gravity (measured along
shaft line)
Lever of resultant of propel- Distance between Nep and
erp centre of gravity (measured |m
ler pressure forces Npp
normally to Npp)
Distance between Nps and
Lever of resultant propeller .
ers centre of gravity (measured |m

suction forces Nps

normal to Nps)
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Lever of resultant of rudder |/Stance between Nge and
erp centre of gravity (measured |m
pressure forces Nrp
normal to Nrp)
Distance between Raa and
faa Lever of wind resistance Raa|centre of gravity (measured |m
normal to Raa)
Distance between Rap and

fap Lever of appendage drag Rar|centre of gravity (measured |m

normal to Rap)
- . Distance between Rr and
Lever of frictional resistance .
fr R centre of gravity (measured |m
F
normal to Rg)
Distance between Rk and
Lever of skeg or keel re- .
f . centre of gravity (measured |m
sistance Rk
normal to Rk)
; Lever of augmented rudder Distance between 4Rp and
R drag ARre centre of gravity (measured |m
normal to 4Rgp)
Distance between axial
f Lever of axial propeller thrust and centre of gravity m
S thrust (measured normal to shaft
line)
Distance between Rt and
fr Lever of total resistance Rt |centre of gravity (measured |m
normal to Rr)
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3.1.3 Resistance and Propulsion

See also Sections 2.3.1 on Hull Resistance
Lift coefficient for zero 2
Cuo deadrise A1 (Bes® Q) 1
Lift coefficient for deadrise 2
Cup surface A1 (Bec” Q) 1
Froude number based on 12
Cv breadth V / (Bcs Q) 1
C4 Load coefficient A1 (Bcc®pg) 1
Vertical component of hy-
LvHp drodynamic lift N
Lvs Hydrostatic lift Due to buoyancy N
Drag forces arising from ap-
= Appendage drag force (par- |pendages inclined to flow, N
™ allel to reference line) assumed to act parallel to the
reference line
Viscous component of bot-
= Bottom frictional force (par- [tom drag forces assumed N
e allel to reference line) acting parallel to the refer-
ence line
Keel or skeg drag force (par- Drag forces arising from
Frk . keel or skeg, assumed to act [N
allel to reference line) .
parallel to the reference line
Drag forces arising from in-
= Additional rudder drag force |fluence of propeller wake on N
TRP (parallel to reference line)  |the rudder assumed to act
parallel to the reference line
Lift forces arising from ap-
Appendage lift force (nor- |pendages inclined to flow,
Na . N
mal to reference line) assumed to act normally to
reference line
Resultant of pressure and
N Bottom normal force (nor-  |buoyant forces assumed act-
B mal to reference line) ing normally to the reference
line
Resultant of propeller pres-
Propeller pressure force .
Npp ) sure forces acting normally [N
(normal to reference line) )
to the reference line
. Resultant of propeller suc-
Propeller suction force (nor- |.. .
Nps . tion forces acting normally |N
mal to reference line) A
to the reference line
Resultant of rudder pressure
Rudder pressure force (nor- .
Nrp . forces acting normally to the [N
mal to reference line) .
reference line




ITTC Symbols

3 Special Craft
3.1 Planing and Semi-Displacement Vessels

Version 2024 3.1.3 Resistance and Propulsion 106
ITTC Acronvm Name Definition or Sl-
Symbol y Explanation Unit
Rk Keel drag N
Rz Induced drag gp Vtanzt N
Rear Parasitic drag Drag_due to inlet and outlet

openings
Res Pressure component of spray N
drag
Rt Total resistance Total towed resistance N
Rus ?j/lscous component of spray Cr Sws s N
rag
. Mean velocity over bottom
Vewm Mean bottom velocity of the hull m/s
Relative velocity between
Vsp Spray velocity hull and spray in direction of |m/s
the spray
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3.2  Multi-Hull Vessels

3.2.1 Geometry and Hydrostatics

See also Section 2.2.1, Hull Geometry
A Strut-hull intersection area m?
Bs Box breadth Breadth of main deck m
. Distance between hull centre
Bs Hull spacing : m
lines
. Minimal distance of the
Brv Tunnel width demihulls at the waterline |
Dy, Hull diameter Diameter of axis symmetric m
submerged hulls
D Hull diameter at the longitu- m
x dinal position "X"
Minimum clearance of wet
Hok Deck clearance deck from water surface at |m
rest
Depth of strut from still wa-
Hss Strut submerged depth ter line to strut-hull intersec- |m
tion
: Half angle of entrance at A_ngle of inner water I|ne_
IEl - . with reference to centre line |rad
tunnel (inner) side :
of demihull
. Half angle of entrance at Af‘g'e of outer water I|ne_
ieo . with reference to centre line |rad
outer side .
of demihull
L Length of centre section of |Length of prismatic part of
CH m
hull hull
L Length of centre section of |Length of prismatic part of
©s strut strut
Ln Box length Length of main deck m
L Length of nose section of Length of nose section of
NH hull hull with variable diameter
L Length of nose section of Length of nose section of
NS strut strut with variable thickness
Ls Strut length Leng@h_ of strut from leading
to trailing edge
LsH Length of submerged hull m
ts Maximum thickness of strut m
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3.2.2 Resistance and Propulsion

3.2.2.1 Resistance Components

See also Section 2.3.1 on Hull Resistance
R Frictional resistance of N
FMH multi-hull vessel
Frictional resistance interfer-
REINT ence correction Remh - X Re N
Residuary resistance correc-
RRuH tion of multi-hull Rruk - Remn N
Residuary resistance inter-
RRi ference correction RRmH - Z Rr N
R Total resistance of multi-hull N
TMH vessel
Total resistance interference
R correction Rruk - 2 Rr N
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3.3 Hydrofoil Boats

3.3.1 Geometry and Hydrostatics

See Sections 2.2.1 and 2.2.4
Ar Foil area (general) Foil area in horizontal plane |m?
Arr Total foil plane area m?
Broa Max_imum_ vessel breadth in- m
cluding foils
bs Span of struts m
bsr Transverse horizontal dis- m
tance of struts
Cc Chord length at centre plane m
CF Chord length of flap m
Y Mean chord length m
Cs Chord length of a strut m
os Chord _Iength of strut at in- m
tersection with foil
Cr Chord length at foil tips m
WE Weight of foil N
oc Geometric angle of twist rad
ObH Dihedral angle rad
Ve Foil displacement volume m3
3.3.1.1 Geometry, Underway
Are Emerged area of foil m?
Arr Submerged area of front foil m?
Arr Submerged area of rear foil m?
Ars Submerged foil area m?
Submerged foil plan area at
ArsTo take-offgspeed i m*
Ass Submerged strut area m?
bw Foil span wetted m
Distance of centre of pres-
CpF sure on a foil or flap from m
leading edge
Froude number based on foil
Fro distance V /(g Lp)Y? 1
Froude number based on
Fre chord length V1 (g om)™ 1
h Height of centre of gravity |Distance of centre of gravity
CG . m
foilborne above mean water surface
Height of foil chord at foil-
hr Flight height borne mode above position |m
at rest
Distance between keel and
hk Keel clearance

. m
mean water surface foilborne
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Horizontal distance of centre

Ir of pressure of front foil to m
centre of gravity
Horizontal distance between

IFr centres of pressure of front |Ir + Ir m
and rear foils
Horizontal distance of centre

Ir of pressure of rear foil to m
centre of gravity

- . Distance between foil chord
Tk Foil immersion m
and mean water surface
T Depth of submergence of Distance between foil apex m
i apex of a dihedral foil and mean water surface

Mean depth of foil submerg-

Tem m
ence

GIND Downwash or induced angle rad
Angle of attack of mean lift

am coefficient for foils with rad
twist
Angle of attack for which

as . rad
flow separation (stall) occurs
Incidence angle at take-off

aT0 rad
speed
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3.3.2 Resistance and Propulsion

See also Section 2.3.1 Hull Resistance
3.3.2.1 Basic Quantities
. Force in the direction of mo-
Dr Foil drag tion of an immersed foil N
Drr Drag force on rear foil Cor Arr q N
Drr Drag force on front foil CorArr q N
For finite span foil, the com-
D) Induced drag ponent of lift in the direction |N
of motion
Due to mutual interaction of
DinT Interference drag the boundary layers of inter- |N
secting foil
Profile drag for angle of at- .
Deo tack equal to zero lift Streamline drag N
Ds Spray drag Due to spray generation N
Dst Strut drag N
Duw Wave drag Due to propagation of sur- N
face waves
_— Due to reduced pressure at
Dv Ventilation drag the rear side of the strut base N
Lr Lift force on foil CLAFTQ N
Lrr Lift force on front foil CLAFFQ N
Lrr Lift force on rear foil CLARR(Q N
Profile lift force for angle of
Lo attack of zero CloAreT g N
Lto Lift force at take off CLtoArT q N
M Vessel pitching moment Nm
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3.3.2.2 Derived Quantities
Cor Drag coefficient of foil Dr/ (Ars Q) 1
Coi Induced drag coefficient Di/ (Ars Q) 1
Coint Interference drag coefficient |Dint / (Ars Q) 1

Section drag coefficient for
Coo angle of attack equal to zero De / (Ars 0) !
Cbs Spray drag coefficient Ds / (Ars ) 1
CovenT Ventilation drag coefficient |Dv/ (Ars Q) 1
Cow Wave drag coefficient Dw / (Ars Q) 1
Cir Foil lift coefficient Lr/ (Ars Q) 1
Profile lift coefficient for an-
Cuo gle of attack equal to zero Lo/ (Aes q) !
Lift coefficient at take-off
Curo condition Lro/ (Ars 0) !
Cix Slope of lift curve dC.L/da 1
Cwm Pitching moment coefficient M/ ((Are+ Amr) (IF-1R) @) |1
Me Load factor of front foil Lrr /4 1
Mr Load factor of rear foil Lrr /4 1
EF Lift/ Drag ratio of foil L/D 1




ITTC Symbols

3

Special Craft

3.4 ACV and SES

Version 2024 3.4.1 Geometry and Hydrostatics 113
ITTC Acronym Name Definition or Sl-
Symbol Explanation Unit

3.4 ACV and SES

3.4.1 Geometry and Hydrostatics

See also Section 1.2.1
Projected area of ACV or
Ac Cushion area SES cushion on water sur-  |m?
face
: SES cushion breadth meas-
Be Cushion breadth ured between the side walls |
BuLT 'glc;tsal waterline breadth of At the water line m
Height of centre of gravity
Hce above mean water plane be- m
neath craft
hes Bow seal height Distance from side wall keel m
to lower edge of bow seal
Hsk Skirt depth m
hss Stern seal height Distance from side wall keel m
to lower edge of stern seal
Le Deformed bag contact length m
Lc Cushion length m
Le Effective length of cushion |Ac/Bc m
Wetted area of side hulls at |Total wetted area of side 2
SHo . . m
rest off cushion walls under way on cushion
Wetted area of side hulls un- |Total wetted area of side 2
SSHC d . . m
er way on cushion walls under way on cushion
Sep Wetted area of si_de hulls un- | Total wetted area of side_ m2
der way off cushion walls under way off cushion
Horizontal spacing between
XH, L Inner and outer side Sk'r.t needs clarification m
: hinges or attachment points
to structure
Distance of leading skirt
contact point out-board or e .
Xs, Ls outer hinge of attachment needs clarification m
point to structure
Vertical spacing between in-
Zu, Hy ner and outer side skirt . needs clarification m
’ hinges or attachment points
to structure
5Bc Increase in cushion breadth m
due to water contact
EWS Wetted surface factor Sshc / SsHo 1
Bag contact deformation an-
OB gle rad
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OF Finger outer face angle rad
Slope of mean water plane
Ow for surface level beneath rad
cushion periphery
PA g?(a:l\r/ and SES) Mass density Mass of air per unit volume |kg/m?®
Height of cushion generated
G wave above mean water m
c plane at leading edge side of
the skirt
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3.4.2 Resistance and Propulsion

See also Section 2.3.1 on Hull Resistance
C4 Cushion loading coefficient |4/ (g paAc®?) 1
Cer ge;f‘}?ggﬂ't‘"c profile drag |/ (sa V2 Ac/ 2) 1
Cushion wave making coef-
Cwo ficient ’ !
Ps Mean bag pressure Pa
PBs Bow seal pressure Pressure in the bow seal bag |Pa
Pce Mean effective skirt pressure Pa
: Mean pressure in the cush-
Pcu Cushion pressure ion Pa
PrT Fan total pressure Pa
Cushion pressure to length
PLrR . Pcu/Lc Pa/m
ratio
Psk Skirt pressure in general Pa
Pss Stern seal pressure Pressure in the stern seal bag |Pa
Prcu Power of lift fan wW
Prsk Power of skirt fan W
Qss Bow seal air flow rate Air flow rate to the bow seal [m®/s
Qcu Cushion air flow rate Air flow rate to cushion m3/s
Qss Stern seal air flow rate Air flow rate to the stern seal |m®/s
Qr Total air volume flow m°/s
Total air volume flow of 3
Qrs skirt m°/s
Rar ;ric;ttz:]g:rodynamlc re- Ru + Ry N
Ru Hydrodynamic resistance Rw + Rwet N
R _Intake momentum resistance Qrv
M in general PANRT VA
Rucu Lr;tglljshrir:)?]mentum resistance A Qcu Va N
Rask Lr;tsll:{ertmomentum resistance A Qrs Va N
RweT Resistance due to wetting N
Tc Cushion thrust N
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3.5 Ice Going Vessels

3.5.1 Resistance and Propulsion
(See Figure 3.4, p 225 and Figure 3.8, p 231 of Vol. 1 of the Proceedings of the 21% ITTC)

Coefficient of net ice re- 2
Ci sistance Ri/ (p1 g h* B) 1
Coefficient of water re-
Ciw sistance in the presence of  |Riw /(S qiw) 1
ice
Projection of hull - ice inter-
Fin Normal ice force on a body |action force on the external |N
normal
- Projection of the hull - ice
Tangential ice force on a . . )
Fir interaction force on the di- |N
body . )
rection of motion
Froude number based on ice 12
Fri thickness V/igh) !
Fxi . N
Components of the local ice
Py force N
Fzi N
Coefficient of friction be-  |Ratio of tangential force to
fio tween surface of body and  |normal force between two |1
ice (dynamic) bodies (dynamic condition)
Coefficient of friction be- .
The same as above (static
fis tween surface of body and e 1
. X condition)
ice (static)
hy Thickness of ice m
hsn Thickness of snow cover m
Average coefficient of 9 5
Kaia torque in ice Qia/ (pw nia? DY) 1
Kria ,ibr\]vi((e:l;age coefficient of thrust Tin/ (ow nia DY) 1
A Averag_e rate pf propeller Hz
revolution in ice
Delivered power at propeller
Poi o P Prop 27 QiaNia W
inice
Qia Average torgue in ice Nm
Ri Net ice resistance Rit - Riw N
Rir Total resistance in ice Ship towing resistance in ice [N
R Hydrodynamic resistance in |Total water resistance of N
W presence of ice ship in ice
Tia Average total thrust in ice N
Relative propulsive effi-
Ice ciency in ice no /1o 1
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7D | |Propulsive efficiency iniice |Rir V/ (2 7 nia Qia) 1
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3.6 Sailing Vessels

3.6.1 Geometry and Hydrostatics

See also Section 2.2.1 on Hull Geometry

A Area of jib or genoa m?

ALk Lateral area of keel m?

ALt Total lateral area of yacht m?

Anm Area of mainsail m?

An Normalized sail area m?

Asp Area of spinnaker m?

As, Sa Sail area in general (PE+1J)/2 m?

y Representative projected m?

WPT area of WPT

Boa Breadth, overall m

Coi Center of pressure for Aj m

E Mainsail base

I Fore triangle height m

J Fore triangle base m

P Mainsail height m

Leer Effective length for Reyn- m
olds Number
Wetted surface area of ca- 2

Sc m
noe body

Sk Wetted surface area of keel m?
Wetted surface area of rud-

Sr m2
der

Tc Draught of canoe body m

Terr Effective draught Fu/ (pV&*R)° m
Height of centre of effort

Zce of sails above waterline in m
vertical centre plane

o Displaced volume of canoe m?

c body

Vk Displaced volume of keel m3

% Displaced volume of rud- 3
der

e Displacement force N
(weight) of canoe body
Displacement force

Ax (weight) of keel N
Displacement force

Ar (weight) of rudder N
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3.6.2 Resistance and Propulsion

Frictional resistance coeffi-
Cru cient (upright) Rru /(S Q) .
Residuary resistance coeffi-
Cru cient (up:?light) Rru/ (S Q) 1
Cro ;I;Joljt?ilggrr%lstance coefficient Rru/ (S q) 1
Cu Wav_e resistance coefficient 1
(upright)
Total resistance coefficient
Cro with heel and leeway Rry /(S Q) !
Induced resistance coeffi-
Ci : 1
cient
Cx, Cy, C; Force coefficients 1
Fr Heeling force of sails N
Fr Driving force of sails N
Fv Vertical force of sails N
H Side force N
Ly Hydrodynamic lift force N
Mean added resistance in
Raw N
waves
Rru Friction resistance (upright) N
Residuary resistance (up-
Rru right) y (up N
R Rfesisyance increa_se due to N
side (induced resistance)
Rtu Total resistance (upright) N
Rz Total resistance when heeled |Rtu + R, N
R, Ry Resistar_lce increqse due to N
o heel (with zero side force)
X.Y.Z Components of_resultant _ N
force along designated axis
vV Vessel velocity m/s
Vv STW Spee_d thr(_)ugh_ water in m/s
heading direction
Vwr AWS Apparent wind velocity m/s
Vwr TWS True wind velocity m/s
Vi Velocity made good on m/s
course
Velocity made good to
Vmg windward (contrary to wind m/s
direction)
BL leeway angle rad
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apparent wind angle (relative
P AWA to boat course) rad
true wind angle (relative to
Pt TWA boat course) rad
7 Heading relative earth rad
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4, BACKGROUND AND
REFERENCES
4.1 Symbols and Terminology Group

The tasks of the former Symbols and Termi-
nology Group (SaT) have been handed over to
the Quality Systems Group in 2002.

4.2 Description of the List of Symbols
4.2.1 Classification

The prime concern of the QS Group was to
revise and try to complement the list of ITTC
Standard Symbols sticking to the system for the
classification of concepts.

With this regard, the following design re-
quirements and goals have been maintained:

1. a coherent document, meeting the pre-
sent and possibly the future require-
ments of the ITTC community in gen-
eral and particular user groups

2. an open ended matrix structure that can
be easily expanded as requirements
arise, without the need of restructuring
and repetition or too many explicit
cross-references

3. minimized departures from the well es-

tablished and widely accepted previous

list of symbols

On the other hand, to facilitate the practical
use of the list, a second version in which the
symbols are arranged in alphabetic order was
prepared. Symbols which have been listed sev-
eral times in the matrix structured document
have been maintained and for each symbol the
field in which it is used is given in italic letters
prior to the meaning of the symbol.
4.2.2 Structure of the Lists

The concepts related to a given subject area
or model are designated by the ITTC Symbol
and called by their Name. Their meaning can in
principle only be concluded from the context of
the model. The logically consistent, so called
‘implicit’ definition is derived from a definitely
defined statement of the model, ideally a gener-
ally accepted system or an equivalent, e.g. a
drawing.

The problem is that traditionally in lists of
symbols, as in dictionaries, these explicit mod-
els are missing for various reasons. One reason
is that many subject areas under discussion are
far from being developed and understood to the
extent necessary. A consequence of this situa-
tion is that the symbols proposed are not always
as coherent as would be necessary for advanced
and systematic work, for which explicit models
and adequate notations are essential.

The problem under discussion is of course
the same in national and international standards.
However there is an accepted international
standard which deals with the general principles
concerning physical quantities, equations, quan-
tity and unit symbols, and coherent unit systems
for general use within the various fields of sci-
ence and technology (ISO 31.

4.2.3 Organization of the matrix structured
list

As has been emphasized the development of
symbols is a continuing process and as the sub-
ject develops, further amendments and addi-
tions, as approved by the Conference, will be in-
cluded in future editions of the list.

In order to avoid any extra problems the
symbols are arranged in alphabetical order in
each subject area as in previous lists. Continu-
ous page numbering was discarded in earlier
versions. The idea was to establish a loose leaf
organization as the most appropriate, in view of
new draughts to be incorporated.

In view of the tremendous effort which ex-
plicit mathematical models, explanations, and
sketches take for their preparation, the present
QS Group can only follow the former SaT
Group and state that the Technical Committees
and other interested parties are urged to provide
further material for review by the QS Group and
future inclusion into the list.

It has been noted that some users dislike the
disruption of the list of symbols by lengthy ex-
planations. The present QS Group feels that the
subject and the sensible use of the symbols re-
quire such explanations, also as the fundamen-
tals of the theory of science and terminology of-
ten are not taught to students of naval architec-
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ture and marine engineering. However the ar-
rangement has been changed so that these expla-
nations can be visited by using hyperlinks and
the list is not disrupted any more.
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5. PRINCIPLES OF NOTATION . the various aspects of spectra and

In Figure 5 the principles of notation in ac- o the various aspects of random quantities
cording to ISO 31 are shown. and stochastic processes e.g. probability

Symbols representing physical quantities operators.
normally are one Latin or Greek letter with Sub-
scripts for further identification. They are writ- Subscripts signify identifiers
ten in italic style letters. o matrix components,

Numbers are normally written in roman o identifiers tested, e.g. ship S or model M,
style letters. For more details, look at the list be- appendages (App)or the various bodies
low or in the Excerpts of ISO 31 below or in in a multi-body problem,
standard itself. . identifiers of coordinate systems and of

Superscripts signify operators e.g. the reference points, quantities( Lep)

. exponentiation
. the various aspects of complex quantities

Symbols for physical units

italic, one letter, except dimensionless | A ( e.g. Area in

quantities m?2)
Symbols for characteristic num- | 2 letters italic Re, Fr
bers
Numbers roman, generally 103
Symbols representing numbers italic Xij

Units

roman, lower case unless derived from | m, Pa
name

Prefix of units

roman pm

Symbols for chemical elements

roman H.O

Symbols for universal constants

italic g =9,80665 m/s?
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Superscripts  signify  Operators
Numbers in roman
(power of n)
Symbols representing numbers
(n=1, 2, 3etc.) in italic
SYMBOLS 2 n NUMBERS
in italic T M X INn roman
Subscripts signify Identifiers:
Symbol for physical quantity in italic
(T = Thrust)
Other symbols in roman
(M = Model)
Figure 5
5.1 Excerptsof ISO 31 Beaufort scale, Richter scale and colour inten-

1 Scope

This part of 1SO 31 gives general infor-
mation about principles concerning physical
quantities, equations, quantity and unit symbols,
and coherent unit systems, especially the Inter-
national System of Units, SI.

The principles laid down in this part of 1SO
31 are intended for general use within the vari-
ous fields of science and technology and as a
general introduction to the other parts of ISO 31.

2. Quantities and units
2.1 Physical quantity, unit and numerical
value

In 1ISO 31 only physical quantities used for
the quantitative description of physical phenom-
ena are treated. Conventional scales, such as the

sity scales, and quantities expressed as the re-
sults of conventional tests, e.g. corrosion re-
sistance, are not treated here, neither are curren-
cies nor information contents.

Physical quantities may be grouped together
into categories of quantities which are mutually
comparable. Lengths, diameters, distances,
heights, wavelengths and so on would constitute
such a category. Mutually comparable quantities
are called "quantities of the same kind".

If a particular example of a quantity from
such a category is chosen as a reference quantity,
called the unit, then any other quantity from this
category can be expressed in terms of this unit
as a product of this unit and a number. This num-
ber is called the numerical value of the quan-
tity expressed in this unit.

In formal treatments of quantities and units,

this relation may be expressed in the form
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A={A}-[A]
where A is the symbol for the physical quantity,
[A] the symbol for the unit and {A} symbolizes
the numerical value of the quantity A expressed
in the unit [A]. For vectors and tensors the com-
ponents are quantities which may be expressed
as described above.

If a quantity is expressed in another unit
which is k times the first unit, then the new nu-
merical value becomes 1/k times the first numer-
ical value; the physical quantity, which is the
product of the numerical value and the unit, is
thus independent of the unit.

REMARK ON
NUMERICAL VALUES

It is essential to distinguish between the
quantity itself and the numerical value of the
quantity expressed in a particular unit. The nu-
merical value of a quantity expressed in a par-
ticular unit could be indicated by placing braces
(curly brackets) around the quantity symbol and
using the unit as a subscript. It is, however, pref-
erable to indicate the numerical value explicitly
as the ratio of the quantity to the unit.

NOTATION FOR

2.2 Quantities and equations
2.2.1 Mathematical operations with quanti-
ties

Two or more physical quantities cannot be
added or subtracted unless they belong to the

same category of mutually comparable quantities.

Physical quantities are multiplied or divided
by one another according to the rules of algebra;
the product or the quotient of two quantities, A
and B, satisfies the relations

AB = {A} {B} - [A] [B]

Thus, the product {A} {B} is the numerical
value {AB} of the quantity AB, and the product
[A] [B] is the unit [AB] of the quantity AB. Sim-
ilarly, the quotient {A!/{B}) is the numerical
value {A/B} of the quantity A/B, and the quo-
tient [A]/[B] is the unit [A/B] of the quantity
A/B.

2.2.2 Equations between quantities and equa-
tions between numerical values

Two types of equation are used in science and
technology: equations between quantities,
in which a letter symbol denotes the physical
quantity (i.e. numerical value x unit), and equa-
tions between numerical values. Equations
between numerical values depend on the choice
of units, whereas equations between quantities
have the advantage of being independent of this
choice. Therefore the use of equations between
quantities should normally be preferred.

2.2.3 Empirical constants

An empirical relation is often expressed in the
form of an equation between the numerical val-
ues of certain physical quantities. Such a relation
depends on the units in which the various physi-
cal quantities are expressed.

An empirical relation between numerical val-
ues can be transformed into an equation between
physical quantities, containing one or more em-
pirical constants. Such an equation between
physical guantities has the advantage that the
form of the equation is independent of the choice
of the units. The numerical values of the empiri-
cal constants occurring in such an equation de-
pend, however, on the units in which they are ex-
pressed, as is the case with other physical quanti-
ties.

2.2.4 Numerical factors in quantity equations
Equations between quantities sometimes con-

tain numerical factors. These numerical factors

depend on the definitions chosen for the quanti-

ties occurring in the equations.

EXAMPLE

1
Ex = Emv2

2.2.5 Systems of quantities and equations
between quantities; base quantities and de-
rived quantities

Physical quantities are related to one another
through equations that express laws of nature or
define new quantities.

For the purpose of defining unit systems and
introducing the concept of dimensions, it is con-
venient to consider some quantities as mutually
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independent, i.e. to regard these as base quanti-
ties, in terms of which the other quantities can be
defined or expressed by means of equations; the
latter quantities are called derived quantities.

It is a matter of choice how many and which
quantities are considered to be base quantities.

The whole set of physical quantities included
in 1ISO 31 is considered as being founded on
seven base quantities: length L, mass M, time T,
electric current I, thermodynamic tempera-
ture @, amount of substance N and luminous
intensity J.

In the field of mechanics a system of quanti-
ties and equations founded on three base quanti-
ties is generally used. In ISO 31-3, the base quan-
tities used are length, mass and time.

In the field of electricity and magnetism a
system of quantities and equations founded on
four base quantities is generally used. In ISO 31-
5, the base quantities used are length, mass, time
and electric current.

In the same field, however, systems founded
on only three base quantities, length, mass and
time, in particular the "Gaussian" or symmetric
system, have been widely used. (See 1SO 31-
5:1992, annex A.)

2.2.6 Dimension of a quantity

Any quantity Q can be expressed in terms of
other quantities by means of an equation. The ex-
pression may consist of a sum of terms. Each of
these terms can be expressed as a product of pow-
ers of base quantities A, B, C, ... from a chosen
set, sometimes multiplied by a numerical factor &,
i.e. £4“BPC ..., where the set of exponents (o, /3,
y ...) Is the same for each term.

The dimension of the quantity Q is then ex-
pressed by the dimensional product

dim Q = A*BPFCr ..

where A, B, C, ... denote the dimensions of the
base quantities A, B, C, ..., and where a, £3, y ....
are called the dimensional exponents.

A quantity all of whose dimensional expo-
nents are equal to zero is often called a dimen-

sionless quantity. Its dimensional product or di-
mension is A° B® C°... = 1. Such a quantity of di-
mension one is expressed as a number.

In the system founded on the seven base
quantities length, mass, time, electric current,
thermodynamic temperature, amount of sub-
stance and luminous intensity, the base dimen-
sions may be denoted by L, M, T, I, O, N and J
respectively and the dimension of a quantity Q
becomes in general

dim Q = L-MPT'IP@°N4Y".

EXAMPLES

Quantity Dimension
velocity LT
angular velocity T
force LMT2
energy L2MT2
relative density 1

2.3 Units

2.3.1 Coherent unit systems

Units might be chosen arbitrarily, but making
an independent choice of a unit for each quantity
would lead to the appearance of additional nu-
merical factors in the equations between the nu-
merical values.

It is possible, however, and in practice more
convenient, to choose a system of units in such a
way that the equations between numerical values
have exactly the same form (including the nu-
merical factors) as the corresponding equations
between the quantities. A unit system defined in
this way is called coherent with respect to the
system of quantities and equations in question.
The Sl is such a system. The corresponding sys-
tem of quantities is given in 1ISO 31-1 to ISO 31-
10 and in ISO 31-12 and I1SO 31-13.

For a particular system of quantities and
equations, a coherent system of units is obtained
by first defining units for the base quantities, the
base units. Then for each derived quantity, the
definition of the corresponding derived unit in
terms of the base units is given by an algebraic
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expression obtained from the dimensional prod-
uct (see 2.2.6) by replacing the symbols for the
base dimensions by those of the base units. In
particular, a quantity of dimension one acquires
the unit 1. In such a coherent unit system no nu-
merical factor other than the number 1 ever oc-
curs in the expressions for the derived units in
terms of the base units.

2.3.2 Sl units and their decimal multi-
ples and sub-multiples

The name International System of Units
(Systeme International d'Unités), with the inter-
national abbreviation SI was adopted by the 11%"
General Conference on Weights and
Measures (Conférence Générale des Poids et
Mesures, CGPM) in 1960.

This system includes
- base units
- derived units including supplementary units
which together form the coherent system of SI
units.

2.3.2.1 Base units
The seven base units are listed in Table 1.

Table 1 - SI base units

. Sl base unit
Base quantity Name Symbol
length metre m
mass kilogram [kg
time second s

127
electric current ampere |A
thermodynamic tem'kelvin K
perature
amount of substance |mole mol
luminous intensity  |candela [cd

2.3.2.2 Derived units including supplemen-
tary units

The expressions for the coherent derived
units in terms of the base units can be obtained
from the dimensional products by using the fol-
lowing formal substitutions:

L -m I -A

M — kg 0 —-K

T —s N —mol
J —>cd

In 1960, the CGPM classified the Sl units ra-
dian, rad, and steradian, sr, for plane angle and
solid angle respectively as "supplementary units".

In 1980, the International Committee for
Weights and Measures (Comité International des
Poids et Mesures, CIPM) decided to interpret the
class of supplementary units in the Sl as a class
of dimensionless derived units for which the
CGPM allows the freedom of using or not using
them in expressions for Sl derived units.

Although, as a consequence of this interpre-
tation, the coherent unit for plane angle and for
solid angle is the number 1, it is convenient to use
the special names radian, rad, and steradian, s,
instead of the number 1 in many practical cases.

Table 2 - SI derived units with special names, including SI supplementary units

Sl derived unit
Derived quantity ) Expressed in terms of SlI
Special name | Symbol | 546 ynits and SI derived
plane angle radian rad lrad=1m/m=1
solid angle steradian sr 1sr=1m?/m?=1
frequency hertz Hz 1Hz=15s"
force newton N 1 N=1kg.m/s?
pressure, pascal Pa 1 Pa =1 N/m?
stress
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energy, joule J 1J=1N-m
work.
quantity of heat
power, watt W 1W=11J/s
radiant flux
electric charge, coulomb C 1C=1A-s
quantity of electricity
electric potential, volt \Y/ 1V=1W/A
potential difference.
tension.
electromotive force
capacitance farad F 1F=1C/V
electric resistance ohm S2 1Q0=1V/A
electric conductance siemens S 1S=1Q"
magnetic flux weber Wb 1Wb=1V.s
magnetic flux density tesla T 1T =1Wb/m?
inductance henry H 1H=1Wb/A
Celsius temperature degree °C 1°C=1K

Celsius")
luminous flux lumen Im lim=1cd.sr
illuminance lux IX 11x =1 Im/m?
1) Degree Celsius is a special name for the unit kelvin for use in stating values of Celsius
temperature. (See also 1ISO 31-4:1992, items 4-1.a and 4-2.a.)

EXAMPLES
Quantity

velocity

angular velocity
force

energy

relative density

Symbol for SI unit
expressed in terms
of the seven base
units (and the sup-
plementary units in
some cases)

m/s

rad/s or s
kg . m/s?
kg . m?/s?
1

For some of the Sl derived units, special
names and symbols exist; those approved by the
CGPM are listed in tables 2 (and 3).

It is often of advantage to use special names and
symbols in compound expressions for units.

2.3.2.3 Sl prefixes

In order to avoid large or small numerical
values, decimal multiples and sub-multiples of
the Sl units are added to the coherent system
within the framework of the SI. They are formed
by means of the prefixes listed in Table 4.

Table 4 - Sl prefixes

Factor Prefix
Name Symbol
10% yotta Y
104 zetta z
1018 exa E
105 peta P
1012 tera T
10° giga G
106 mega M
108 kilo k
102 hecto h
10 deca da
101 deci d
107 centi C
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103 milli m
10 micro u
10° nano n
1012 pico p
107 femto f
1018 atto a
102 zepto z
10 yocto y

For information about the use of the prefixes,
see 3.2.4.

The SI units and their decimal multiples and
submultiples formed by use of the prefixes are
specially recommended.

2.3.3 The unit one

The coherent Sl unit for any quantity of di-
mension one is the unit one, symbol 1. It is gen-
erally not written out explicitly when such a
quantity is expressed numerically.
EXAMPLE

Refractive indexn = 1,53 x 1 = 1,53
In the case of certain such quantities, how-

ever, the unit 1 has special names that could be
used or not, depending on the context.

EXAMPLES
Plane angle a = 05
rad=0,5,
Solid angle Q=23sr
=23

Decimal multiples and sub-multiples of the
unit one are expressed by powers of 10. They
shall not be expressed by combining the symbol
1 with a prefix.

In some cases the symbol % (per cent) is used
for the number 0,01.

NOTES

3 In some countries the symbol %o (“"per mill*, or
per thousand) is used for the number 0,001. This
symbol should be avoided.

4 Since per cent and per mill are num-
bers it is in principle meaningless to speak about

percentage by mass or percentage by volume.
Additional information, such as % (m/m) or %
(V/V), should not therefore be attached to the unit
symbol. The preferred way of expressing a mass
fraction is: "the mass fraction is 0,67" or "the
mass fraction is 67 %", and the preferred way of
expressing a volume fraction is: "the volume
fraction is 0,75" or "the volume fraction is 75 %".
Mass and volume fractions can also be expressed
in the form 5 pg/g or 4,2 ml/ma3.

Abbreviations such as ppm, pphm and ppb
shall not be used.

2.34
neous units

The CGS system of mechanical units is a co-
herent system the base units of which are centi-
metre, gram and second for the three base quan-
tities length, mass and time.

In practice this system was enlarged by add-
ing the kelvin, the candela and the mole as base
units for the base quantities thermodynamic tem-
perature, luminous intensity and amount of sub-
stance.

Units used in electricity and magnetism have
been defined in the CGS system in several ways
depending on the system of quantities and equa-
tions chosen. The "Gaussian" or symmetric CGS
system, coherent with the "Gaussian™ or symmet-
ric system of quantities and equations founded on
three base quantities, has been widely used. For
further information on this system, see 1SO 31-
5:1992, Annex A.

Other unit systems and miscella-

The special names and symbols for derived
CGS units such as dyne, erg, poise, stokes, gauss,
oersted and maxwell shall not be used together
with the SI.

Table 5 - Units used with the SI

Quantity Unit
Name Sym- Definition
bol
time minute | min 1 min= 60s
hour h 1 h=60min
day d 1d=24h
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plane an- | degree | ° 1 ° =
gle minute | ' (n/180)rad =
second | " (n/180) rad
1'=(1/60)°
1" = (1/60)'
volume | litre LLY |1l=1dmd
=1dm
mass tonne? | t 1t=10°kg

Y The two symbols for litre are on an equal
footing. The CIPM will, however, make a sur-
vey on the development of the use of the two
symbols in order to see if one of the two may
be suppressed.

2) Also called the metric ton in the English lan-
guage.

Table 6 - Units used with the SI, whose values in
Sl units are obtained experimentally

Quan- uUnit

Sym-

tity Name bol

Definition

energy [electronvolt eV

The electronvolt is
the Kinetic energy|
acquired by an elec-
tron in  passing
through a potential
difference of 1 volt
in vacuum: 1 eV =~
1,602 177 x10° .

The unified atomic
mass unit is equal to
(1 /12) of the mass
of an atom of the
nuclide 2C: 1u =~

unified u
atomic
mass unit

Mass

1,660 540 x102'kg.

In other parts of 1ISO 31, the special names for
the derived CGS units are given in informative
annexes which are not integral parts of the stand-
ards.

There are certain units outside the SI which
are recognized by the CIPM as having to be re-
tained for use together with the SI, e.g. minute,

hour and electronvolt. These units are given in
Tables 5 and 6.

Other coherent systems of units have been de-
fined, e.g. a system based on the units foot, pound
and second and a system based on the units metre,
kilogram-force and second.

Apart from these, other units have been de-
fined which do not belong to any coherent system,
e.g. the atmosphere, the nautical mile and the
curie.

3 Recommendations for printing symbols
and numbers
3.1 Symbols for quantities

3.1.1 Symbols

The symbols for physical quantities are gen-
erally single letters of the Latin or Greek alpha-
bet, sometimes with subscripts or other modify-
ing signs. These symbols are printed in italic
(sloping) type (irrespective of the type used in
the rest of the text).

The symbol is not followed by a full stop ex-
cept for normal punctuation, e.g. at the end of a
sentence.

NOTES

5 Symbols for quantities are given in 1SO 31-1
to ISO 31-10 and in 1ISO 31-12 and ISO 31-13.

6 Notations for vectorial and other non-scalar
quantities are given in ISO 31-11, on mathemat-
ical signs and symbols.

7 Exceptionally, symbols made up of two let-
ters are sometimes used for combinations of di-
mension one of quantities (e.g. Reynolds num-
ber, Re). If such a two-letter symbol appears as
a factor in a product, it is recommended that it
be separated from the other symbols.

3.1.2 Rules for the printing of subscripts
When, in a given context, different quanti-
ties have the same letter symbol or when, for one
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quantity, different applications or different val-
ues are of interest, a distinction can be made by
use of subscripts.

The following principles for the printing of
subscripts are recommended:

A subscript that represents a symbol for a
physical quantity is printed in italic (sloping)
type.

Other subscripts are printed in roman (up-
right) type.

EXAMPLES

Upright sub- . i

scripts Sloping subscripts

Cy (ggas) Co (p: pressure)

gn  (n:normal)  Ynandn (N running
number)

e (rirelative)  Yxaxbx (X2 running
number)

Exk (ki kinetic)  gik (i, k: running
numbers)

xe  (e:electric)  px (x:x-coordi-

nate)

Tz (1/2: half) I (A wavelength)

=

NOTES

8 Numbers as subscripts should be printed in ro-
man (upright type. However, letter symbols rep-
resenting numbers are generally printed in italic

(sloping) type.
3.1.3 Combination of symbols for quantities;
elementary Operations with quantities

When symbols for quantities are combined
in a product, this process of combination may be
indicated in one of the following ways:

ab, ab, a*b, axb
NOTES

10 In some fields, e.g. in vector analysis, distinc-
tion is made between a-s b and a x b.

11 For multiplication of numbers, see 3.3.3.

12 In systems with limited character sets a dot
on the line may be used instead of a half-high
dot.

Division of one quantity by another may be
indicated in one of the following ways:

% a/b or by writing the product of a and b,

e.g. a- b’

3.2 Names and symbols for units
3.2.1 International symbols for units

When international symbols for units exist,
they, and no other, shall be used. They shall be
printed in roman (upright) type (irrespective of
the type used in the rest of the text), shall remain
unaltered in the plural shall be written without a
final full stop (period) except for normal punc-
tuation, e.g. at the end of a sentence.

Any attachment to a unit symbol as a means
of giving information about the special nature of
the quantity or context of measurement under
consideration is incorrect.

EXAMPLE
Umax =500V (nOt U =500 Vmax)

The unit symbols shall in general be printed
in lower case letters except that the first letter is

printed in upper case when the name of the unit
is derived from a proper name.

EXAMPLES
m metre
S second
A ampere
Wb weber

3.2.2 Combination of symbols for units
When a compound unit is formed by multi-
plication of two or more units, this should be in-
dicated in one of the following ways:
N-m, Nm
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NOTES

13 In systems with limited character sets a dot
on the line may be used instead of a half high
dot.

14 The latter form may also be written without
a space, provided that special care is taken when
the symbol for one of the units is the same as the
symbol for a prefix.

EXAMPLE
mN means millinewton, not metre newton.

When a compound unit is formed by divid-
ing one unit by another, this should be indicated

in one of the following ways:

n m/s

S

A solidus (/) shall not be followed by a mul-
tiplication sign or a division sign an the same
line unless parentheses are inserted to avoid any
ambiguity. In complicated cases negative pow-
ers or parentheses shall be used.

m-s?t

3.2.3 Printing of symbols for units

No recommendation is made or implied
about the font of upright type in which symbols
for units are to be printed.

NOTE 15 In this series of publications the font
used in such cases is generally that of the asso-
ciated text, but this does not constitute a recom-
mendation.

3.2.4 Printing and use of prefixes

Symbols for prefixes should be printed in ro-
man (upright) type without a space between the
symbol for the prefix and the symbol for the unit.
Compound prefixes shall not be used.

EXAMPLE
Write nm (nanometre) for 10° m, not mum.

The symbol of a prefix is considered to be
combined with the single unit symbol to which

it is directly attached, forming with it a new
symbol (for a decimal multiple or sub-multiple)
which can be raised to a positive or negative
power, and which can be combined with other
unit symbols to form symbols for compound
units (see 3.2.2).

EXAMPLES
1cm® = (10%m)3=10°m?
1 pst=(10°%s)*t=10°6s?
1 kA/m = (10°A)/m = 10 A/m

NOTE 16 For historical reasons the name of the
base unit or mass, the kilogram, contains the
name of the Sl prefix ,"kilo". Names of the dec-
imal multiples and sub-multiples of the unit of
mass are formed by adding the prefixes to the
word “gram” e.g. milligram (mg) instead of mi-
crokilogram (pkg).

3.3  Numbers
3.3.1 Printing of numbers

Numbers should generally be printed in ro-
man (upright) type.

To facilitate the reading of numbers with
many digits, these may be separated into suita-
ble groups, preferably of three, counting from
the decimal sign towards the left and the right;
the groups should be separated by a small space,
and never by a comma or a point, or by any other
means.

3.3.2Decimal sign

The decimal sign is a comma on the line.

If the magnitude of the number is less than
unity, the decimal sign should be preceded by a
zero.

NOTE 17 In documents in the English language.
a dot is often used instead of a comma. If a dot
is used, it should be on the line. In accordance
with an ISO Council decision, the decimal sign
is a comma in ISO documents.

3.3.3 Multiplication of numbers
The sign for multiplication of numbers is a
cross (x) or a dot half-high (+).
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NOTES

18 If a dot half-high is used as the multiplication
sign, a comma should be used as the decimal
sign. If a dot is used as the decimal sign, a cross
should be used as the multiplication sign.

19. In ISO documents, the dot is not used di-
rectly between numbers to indicate multiplica-
tion.

3.4 Expressions for quantities

The symbol of the unit shall be placed after
the numerical value in the expression for a quan-
tity, leaving a space between the numerical
value and the unit symbol. It should be noted
that, in accordance with this rule, the symbol °C
for degree Celsius shall be preceded by a space
when expressing a Celsius temperature.

The only exceptions to this rule are for the
units degree, minute and second for plane angle,
in which case there shall be no space between
the numerical value and the unit symbol.

If the quantity to be expressed is a sum or a
difference of quantities then either parentheses
shall be used to combine the numerical values,
placing the common unit symbol after the com-
plete numerical value, or the expression shall be
written as the sum or difference of expressions
for the quantities.

EXAMPLES

[=12m-7m=(12-7) m=5m
t=284°C+0,2°C=(284+0,2)°C
(not 28,4 £ 0,2 °C)

A.=220 x (1 £0,02) W/(m'K)

3.5 Symbols for chemical elements and nu-
clides

Symbols for chemical elements shall be
written in roman (upright) type (irrespective of
the type used in the rest of the text). The symbol
is not followed by a full stop except for normal
punctuation, e.g. at the end of a sentence.

EXAMPLES

H He C Ca

A complete list of the symbols for the chem-
ical elements is given in ISO 31-8:1992, annex
A, and 150 31-9:1992, annex A.

The attached subscripts or superscripts spec-
ifying a nuclide or molecule shall have the fol-
lowing meanings and positions.

The nucleon number (mass number) of a nu-
ﬂide is shown in the left superscript position, e.g.

N

The number of atoms of a nuclide in a mole-
cule is shown in the right subscript position, e.g.
14N2

The proton number (atomic number) may be
indicated in the left subscript position, e.g.
64Gd

If necessary, a state of ionization or an ex-
cited state may be indicated in the right super-
script position.

EXAMPLES

State of ionization: Na*
PO3~ or (PO4)*
Electronic excited state: He**, NO*°
Nuclear excited state: HOAg*, 110AgM

3.6 Mathematical signs and symbols
Mathematical signs and symbols recom-

mended for use in the physical sciences and
technology are given in 1S031-11.
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3.7 Greek alphabet (upright and sloping
types)

alpha
beta
gamma
delta
epsilon
zeta
eta
theta
iota
kappa
lambda
mu

nu

Xi
omicron
pi

rho
sigma
tau
upsilon
phi

chi

psi
omega
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5.2 Computer Symbols

Wherever possible the symbols in the second
column of the tables have been chosen so that
their meaning is readily apparent. They have
been constructed from the CCITT International
Telegraph Alphabet, restricted character set.
They are therefore suitable for use in a wide
range of situations e. g.: Telex messages, letters,
computer printouts etc.

To ensure that the symbols can be used in a
wide range of programming languages they cur-
rently have been kept to less than six characters
long. The symbols should be used as defined,
and, in accordance with modern programming
practice, should have their type explicitly de-
clared before use. The following rules were ap-
plied in the derivation of the symbols:

1. Only upper case letter A - Z and digits 0
- 9 have been used.

2. Formerly Greek letters have been
spelled out, if necessary in abbreviated
form or with changed spelling. This
practice is considered obsolete.

3. The Froude ‘circular’ symbols are de-
fined by the prefix CIRC.

4. All symbols start with a letter.

Qualifiers and operators, preferably two

characters, are currently suffixed to the

main symbol line, without spacing.

6. No one computer compatible symbol
should be used for different concepts in
a given context. This goal has not been
completely achieved for the whole list.

Ad hoc solutions have been attempted

but discarded as unsatisfactory.

7. Since the computer compatible symbols
have been proposed as the basis of attribute
names for data exchanges, the above rules
will probably be further developed in the
near future.

A final remark on the Computer Symbols: in
the computer, the letter O and figure 0 (zero)
have fundamentally different meanings, but ow-
ing to their resemblance they can be easily con-
fused. Thus it is necessary to distinguish rigor-
ously between them. As a matter of fact there are
contradictory conventions being widely used.

o
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5.3 Documentation

5.3.1 ITTC Documents

1. International Towing Tank Conference,
Standard Symbols 1971, BSRA Technical
Memorandum No.400, August 1971.

2. International Towing Tank Conference,
Standard Symbols 1976. BSRA T.M.
No0.500, 1976.

3. ITTC Dictionary of Ship Hydrodynamics.
RINA Maritime Technology Monograph
No.6, 1978.

4. Translation of Overall Index of Titles of Dic-
tionary of Ship Hydrodynamics., Vol. 1:
CETENA, Genova, 1984,

Vol. 2: University of Tokyo, 1984.

5. Bibliography and Proposed Symbols on Hy-
drodynamic Technology as Related Model
Tests of High Speed Marine Vehicles.
Prep. by 17" ITTC High-Speed Marine Ve-
hicle Committee. SPPA Maritime Research
and Consulting. Rep. No.101, 1984,

5.3.2 Translations
A number of translations of the List of ITTC

Standard Symbols into languages other than

English have been made including French, Ger-

man, Italian, Japanese, Russian, Spanish and

Chinese. For obvious reasons these translations

are no longer up-to-date as the present accepted

list in English and the Russian one.

1. French Translation of ITTC Standard Sym-
bols 1971., Association Francaise de Norma-
lisation (AFNOR).

2. International vereinbarte Buchstabensymbole
und Bezeichnungen auf dem Gebiet der
Schiffshydrodynamik. Collatz, G.
Schiff und Hafen 27 (1975) No.10.

3. Italian Translation of ITTC Standard Symbols
1971. Luise E. Appendix Il, Report of
Presentation Committee.

Proceedings 14th ITTC, Vol. 4, Ottawa
1975.

4. Japanese Translation of ITTC Standard Sym-
bols. Transactions of the Society of Naval
Architects of Japan, N0.538, April 1974.

5. Russian Translation of ITTC Standard Sym-
bols 1971. Brodarski Institute Publication
No.28, Zagreb 1974.

6. Simbolos Internacionales en Arquitectura Na-
val. Asociacion de Investigacion de la Cons-
truccion Naval,

Publication 7/75, Juli 1975, Madrid.

7. Report of Information Committee, Proc. 17th
ITTC, Goteborg 1984.

8. Chinese Translation of ITTC Standard Sym-
bols. China Ship Scientific Research Centre,
Wuxi.

5.3.3 Other References

Apart from the organizations represented on
the ITTC these symbols have been recom-
mended for use in technical writing on naval ar-
chitecture by a number of organizations con-
cerned with marine matters including The Royal
Institution of Naval Architects, the American
Society of Naval Architects and Marine Engi-
neers and the American, British, Canadian, Aus-
tralian, and Italian Navies. Where possible, the
symbols for Section 3.4.1, Waves are consistent
with the IAHR/PIANC List of Sea State Param-
eters, Supplement to Bulletin No 52, January
1986.

In 1985 the Draught International Standard
ISO/DIS 7463 Shipbuilding - Symbols for Com-
puter Applications - has been published. The
symbols are based on the list approved by the
ITTC in Ottawa 1975 and a related list produced
by the ISSC in 1974, inconsistencies having
been removed. The ISO/TC8/SC15 has been no-
tified that major changes of the ITTC Symbols
are under discussion. Subsequently processing
of ISO/DIS 7463 has not been postponed, but
the standard has been published as ISO 7463 in
1990.



