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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

The main task of technical committees is to prepare International Standards. Draft International Standards adopted
by the technical committees are circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15016 was prepared by Technical Committee ISO/TC 8, Ships and marine technology, Subcommittee SC 9,
General requirements.

Annexes A to F form a normative part of this International Standard.
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Introduction

This International Standard concerns the method of analysing the results obtained from speed trials.

The primary purpose of speed ftrials is to determine ship performance in terms of speed, power and propeller
revolutions under prescribed ship conditions, and thereby verify the satisfactory attainment of the contractually
stipulated ship speed. Ship speed is that realized under the contractually stipulated conditions which usually are no
wind, no waves, no current, deep water, smooth hull and propeller surfaces.

Such stipulated conditions cannot normally all be expected to be met during the actual trials. In practice, certain
corrections for the environmental conditions have to be considered, as for water depth, wind, waves and current.

The purpose of this International Standard is to define basic requirements for the performance of speed trials, and
to provide procedures for evaluation and correction of speed trials covering all influences which may be relevant for
the individual trial runs based on sound scientific grounds, thus giving confidence to the customer with respect to
the final results.

The procedure specified in this International Standard has been derived largely on the basis of published data on
speed trials and on ship performance, the more important among them being listed in normative annexes A to F.
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INTERNATIONAL STANDARD ISO 15016:2002(E)

Ships and marine technology — Guidelines for the assessment of
speed and power performance by analysis of speed trial data

1 Scope

This International Standard specifies the procedure to be applied in analysing the results of speed trials for ships,
with reference to the effects which may have an influence upon the speed-power-revolutions relationship.

The applicability of this International Standard is limited to commercial ships of the displacement type.

The instrumentation to be used in the speed ftrials is not specifically indicated, nor is the method of conducting the
trials. Calibrated instruments and their methods of use commonly adopted for such trials should be acceptable.

In this International Standard, it was decided that the unit to express the amount of an angle should be “rad”
(radian) and that the unit of speed should be “m/s” (metres per second). Nevertheless, “°” (degree) as a unit for an
angle and “kn” (knot) as a unit for speed may be used. However, the units for the angles and speeds which appear
in calculation formulas are to be “rad” and “m/s” without exception. Moreover, for the convenience of the users of
this standard, numerical values using the units of degree and knot are stated jointly at appropriate places.

2 Terms and definitions

For the purposes of this International Standard, the following terms and definitions apply.

21
propeller pitch
design pitch for controllable pitch propellers

2.2

brake power

power delivered by the output coupling of the propulsion machinery before passing through any speed-reducing
and transmission devices and with all continuously operating engine auxiliaries in use

23

shaft power

net power supplied by the propulsion machinery to the propulsion shafting after passing through all speed-reducing
and other transmission devices and after power for all attached auxiliaries has been taken off

3 Symbols and abbreviations

3.1 Symbols

An: area of midship section under water

AR rudder area

Axy: area of maximum transverse section exposed to wind (area of portion of ship above waterline

projected normally to the longitudinal direction of ship)

IR aNalalalsl Al llatn
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breadth, moulded, of ship

rudder span

wind resistance coefficient

wind resistance coefficient in head wind
block coefficient

frictional resistance coefficient

total resistance coefficient

propeller diameter

frequency
Froude number
acceleration due to gravity

water depth

total wave height

significant wave height of seas
significant wave height of swell
propeller advance ratio

wave number

directional coefficient of wind resistance

torque coefficient

torque coefficient of propeller converted from behind to open water condition

thrust coefficient
length of ship between perpendiculars

mass in general

propeller frequency of revolutions
propeller pitch

brake power

delivered power

shaft power (= 2 nQ)

shaft torque

Copyright International Organization for Standardization
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R: resistance in general
Raa: resistance increase due to wind
Rapis: resistance increase due to displacement
Ras: resistance increase due to temperature and salt content
RE: frictional resistance
Rt: total resistance
Raw: resistance increase due to waves
Rpp: resistance increase due to drifting
Rss: resistance increase due to steering
S(f): spectral density function of unidirectional waves
SR real slip ratio
SW : wetted surface area
t: thrust deduction fraction
T :: period or temperature in general
Toq: average period from zeroth and first moment
Too: average period from zeroth and second moment
T mean wave period of seas
IR: resistance deduction fraction due to steering
Tsm: mean wave period of swell
Tw: water temperature
Vet : effective inflow velocity to rudder
VE: current velocity
Vg: ship's speed over the ground
Vs: ship's speed through the water
VWR : relative wind velocity
Vwr: true wind velocity
w: Taylor wake fraction in general
B drift angle
Copyright International Organization for Standaraizaion *served 3
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R -

nT-

PA-

Va-

Yo-

YVWR -

VWA :

rudder angle

displacement force
total resistance increase

response increase due to regular waves (= Arq+Ary)
resistance increase due to radiation in regular waves
resistance increase due to diffraction in regular waves
wave amplitude

efficiency in general

relative rotative efficiency

transmission efficiency: ratio Pp/Pg or Pp/Pg
aspect ratio of rudder

=3,141 592 6

mass density in general
mass density of air
load factor (R/,oDZVS2 (1- w)2 (1-t)=K7 /J2)

incident angle of waves (head wave: y = rrad)
yaw amplitude

course direction

relative wind direction: positive direction from which the wind is blowing; head wind = 0 (0°)

true wind direction: positive direction from which the wind is blowing; wind from the north = 0 (0°)

kinematic viscosity

circular frequency of incident waves

circular frequency of encounter

Copyright International Organization for Standardization
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3.2 Abbreviations

BSRA: The British Ship Research Association

ITTC: International Towing Tank Conference

JTTC: Japan Towing Tank Committee

KSNAJ: The Kansai Society of Naval Architects, Japan

RINA: Royal Institute of Naval Architects, UK

SNAJ: The Society of Naval Architects of Japan

SNAME: The Society of Naval Architects and Marine Engineers, USA
SRAJ: The Shipbuilding Research Association of Japan

WJSNAJ: The West — Japan Society of Naval Architects

4 Trial conditions
41 Wind

Wind speed and direction shall be measured as relative wind using the ship’s wind indicator. Continuous recording
of the relative wind during each run is recommended.

Whenever possible, wind force during the speed trials shall not be higher than

— Beaufort Number 6, Lpp = 100 m, or

— Beaufort Number 5, Lpp < 100 m.

4.2 Sea state
If possible, instruments should be used to determine the wave height, wave period and direction of seas and swell,
as buoys or instruments onboard the ships (e.g. seaway analysis radar). Wave characteristics may be determined

from observations by multiple observers, including the captain, preferably supported by hindcasting if the expected
effect of the seaway is significant.

The total wave height, H, which is the sum of significant wave heights of seas H4;3 and swell H g4,3, shall satisfy
the following:

Lpp =100 m: the lower value of H <0,015L,, or3m (1)
Lpp<100m:H<1,5m

where

H = \/H12/3 +H&yz (M); (2)

Lpp is the length of ship between perpendiculars, in metres.

IR aNalalalsl Al llatn
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4.3 Water depth
Water depth in the trial area shall be obtained either from sea charts or by means of echo-sounder measurements.
To obtain satisfactory results, the water depth shall satisfy the following:

AVg Vg <0,02 (3)
where

Vs s the ship's speed, in metres/second;
AVg is the ship's speed loss due to shallow water, in metres/second

The ship's speed loss due to the effect of shallow water can be derived from normative annex F.

4.4 Current

Current speed and direction shall be obtained either as part of the evaluation of run and counter-run of each double
run or by direct measurement with a current gauge buoy.

5 Speed and power measurement

5.1 Runs

All speed trials shall be carried out using double runs, i.e. each run followed by a return run in the exact opposite
direction performed with the same engine settings. The number of such double runs shall not be less than three.
Preferably runs should be performed in head and following winds.

Each run shall be preceded by an approach run, which shall be of sufficient length to attain steady running
conditions.

5.2 Steering

The single amplitude of variation of heading angle, w,, shall be within =/60 rad (3°).

The counter rudder to maintain a straight course shall be within /36 rad (5°).

5.3 Measured and observed data

5.3.1 General data

Prior to the trial, the data specified below shall be recorded, based on measurements where relevant:
— date;

— area of trial;

— weather;

— mean water depth in area of trial,

— water temperature and density;

© ISO 2002 - All rights reserved

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 15016:2002(E)

— air temperature;

— height of wind instrument above waterline;
— fore, midships and aft draughts;

— displacement;

— propeller pitch in the case of CPP.

It is recommended to retain a record of the following factors, which should prove useful for verifying the condition of
the ship at the time of the speed trial:

— time elapsed since last hull and propeller cleaning;

— surface condition of hull and propeller.

5.3.2 Data on each run

The following data shall be monitored and recorded on each run:

— clock time at commencement;

— time elapsed over the measured distance;

— course direction;

—f; ship's speed over ground;

— propeller frequency of revolutions;

— propeller shaft torque and/or brake power;

— relative wind velocity and direction;

— mean wave period, significant wave height and direction of waves (seas);

— mean wave period, significant wave height and direction of waves (swell);

— rudder angle;

— drift angle.

There are two kinds of power, one is shaft power and the other is brake power. Shaft power shall be calculated by
means of measuring shaft speed and torque of the shaft. Both types of power can be used to evaluate the speed
and power performance. The analysis procedure in clause 6 uses shaft power.

Data such as ship's speed, frequency of revolutions of the propeller, torque, rudder angle, and drift angle to be
used for analyses shall be the average values derived on the measured distance. If the draughts are needed for

each run, they may be estimated using a loading computer, based on the data prior to the trial and the fuel
consumption up to that time.

IR aNalalalsl Al llatn
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6 Analysis procedure

6.1

Flow of trial analysis

The analysis of trial data is basically divided into the following six steps, as shown in Figure 1.

a)
b)
c)
d)
e)

f)

The procedure is described by reference to the numbered columns in Table 1.

Step 1:
Step 2:
Step 3:
Step 4:
Step 5:

Step 6:

evaluation of acquired trial data.

correction of ship's performance for resistance increase.
correction of ship's performance for current.

correction of ship's performance for air resistance.
correction of ship's performance for shallow water.

final ship's performance.

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

© ISO 2002 - All rights reserved



ISO 15016:2002(E)

MEASURED DATA WAVE DATA

PERFORMANCE MEASURED Ve P RUNNING DATA
I
I TEMPERATURE AND SALT
| | CONTENT OF WAVES WIND
| APPLICATION CRITERIA STEERING DRIFTING
I

| DISPLACEMENT

Correction for AT WORKING POINT K
resistance increase

I RESISTANCE INCREASE

CHANGE IN LOAD FACTOR
AT —= KQ1, n

(Kq1~m)

Kq — Vs P's

[
|
|
|
|
|
I FAIRING
|
|
|
|
|
|

PERFORMANCE IN NO IN NO AIR AND NO WAVES
AIR AND NO WAVES Vg, P'g,
|
| t
|
| FAIRING
| (VF ~T)

Correction for current |

| Vg —— Vg

' |
PERFORMANCE IN NO AIR, VP 1
NO WAVES AND NO CURRENT S | s

I

| LOAD FACTOR INCREASE
I Aty —= Kqp Ny
I

n
Correction for air resistance
FAIRING
I (K2~ n2)
| |
| Ko —= AV"s, Py |
PERFORMANCE IN NO WIND, |
NO WAVES AND NO | V' P n |
CURRENT/OR OTHER | S S0
STIPULATED CONDITIONS |
T
) ! SPEED LOSS
Correction for shallow water AV
s
| |
FINAL PERFORMANCE Vso: Psos
a8 Py may be used alternatively.
Figure 1 — Flowchart of speed trial analysis
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Table 1 — Format of speed trial data analysis (Part 1)

Hull Rudder Propeller
Lpp B d trim A CB Am Axv AR bR D P
Efficiency Depth Density Temperature

nr R 1-1 h P PA Tw

1 Main engine output setting Remarks

2 Run number i) i+1

3 | Course direction (rad) Yo

Measured or observed data

4 | Ship's speed over ground (m/s) Ve

5 | Propeller frequency of revolutions (Hz) n

6 |Power measured (kW) Pg

7 | Relative wind velocity (m/s) Vwr

8 |Relative wind direction (rad) Y WR

9 [Directional coefficient of wind

resistance K
10 | True wind velocity (m/s) VWt Vwt = \/sz\,R + Vé -2VwRr Vg -cos(wwr)
Vwr Sin + —Vgsin
11 | True wind direction (rad) VWT VWT = tan™’ WR (WO WWR) G (V/O)
Vwr cos(vo +wwr)-Vecos(wo)
12 | Mean wave period (Seas) (s) T In case of visual observations, the observed period value is
A . to be used as T,. When measured data are available, T,

13 | Significant wave height (Seas) (m) Hyqs is to be used asme

14 | Incident angle of waves (Seas) (rad) X x =7 in head waves

15 | Mean wave period (Swell) (s) Tsm

16 | Significant wave height (Swell) (m) Hgyy3

17 |Incident angle of waves (Swell) (rad) xs

18 |Rudder angle (rad) Sr Mean value during the measurement of ship's speed
19 | Drift angle (rad) i) Mean value during the measurement of ship's speed

Copyright International Organization for Standardization
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Analysed data (Part 2)
20 |Delivered power (kW) Pp Pp=Ps-nt
21 | Torque coefficient Kq Kq =SOOPD«ryR/Tc/p/DS/n3
22 | Propeller advance ratio J J(KQ) in Figure 2
23 |Load factor T z(J) in Figure 2
24 | Slip ratio SR Sg=1-DJ/P
25 | Wake factor 1-w 1-w=nDJ Vg
26 |Mean wake factor (1— w)m Mean value of data in both runs of a double run
27 |Mean speed through water (m/s) Vs Ve =nDJI(1- w)m
28 |Total resistance (N) Ry Ry = pD?VE (1—w)§1 (1-1)z
Load correction

29 |Resistance increase due to wind  (N) Ran Ran=0,5p Cano K (vwr) 4Axv ViR : See annex A
30 |Resistance increase due to waves (N) Raw : see annex B
31 |Resistance increase due to steering(N) Rss Rss =0,5p(1-1R) fa (ﬂR)ARVeszEI% : see annex C
32 Resistance increase due to drift (N) Rpp Rpp =0,25mpd 2VSZ,B2 : see annex C
33 |Resistance increase due

" |to temperature and salt content (N) Ras : see annex D
34 |Resistance increase due

to displacement (N) RaDpIs : see annex E.
35 [Total resistance increase (N) AR AR = Rpp + Raw + Rss + Rgg + Ras + Rapis
36 | Correction for load factor AT At =AR/Rt -7 7: see [23]
37 |Load factor 71 T1=T—-Atr
38 | Propeller advance ratio Jq Jy=J(r4) in Figure 2
39 |[Torque coefficient Kq1 Kqi= KQ(J1) in Figure 2
40 |Propeller frequency of revolutions (Hz) 1 ny=nJ/lJy
41 |Torque coefficient Ko Kq =Kq(n) in Figure 3
42 | Propeller advance ratio J' J' = J(K'Q) in Figure 2
43 | Load factor ' 7'=7(J’) in Figure 2
44 | Correction of ship's speed (m/s) AVg AVg =aDnl(1- w)m (Kq-Kq)
45 |Speed over ground (m/s) Ve Ve =Vg+AVg
46 | Delivered power (kW) Ph Pp =Py Kq/Kq
47 | Shaft power (KW) P Pg=Pplnt
Copyight merond Gt o Stirdssion“Served 1
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Current (Part 3)

48 |Time of day at middle of run t V&(i+1): Speed at (i+1)-th run with same power condition
49 | Time at middle of serial runs t as i -th run
50 |Speed correction for RPM
difference (m/sec) | VG(i+1) V&) =Vai+) n(;) /n(M) Va(iy: Speed at i -th run
51 | Mean current velocity (m/sec) | Vem Vem = (Vé(m) —V{;(i))/Z
52 | Current during each run (m/sec) | VF Ve =Ve(t;) inFigure 4
53 | Speed without current (m/sec) | Vs Vs =Vg+VE

Wind correction

54 |Load factor increase Atp Atp :0,5,0AAxvCAA0/P/(1—’)/(1—W)2m/02
55 |Load factor Ty Ty =7 +Arp

56 |Propeller advance ratio Ja J=J(z3) inFigure 2

57 | Torque coefficient Kaqo Kqp =Kq(J2) in Figure 2

58 |Propeller frequency of revolutions (Hz) ny nyp=n-J'1Jy

59 |Torque coefficient Kqo Kqo =Kqz(n) in Figure 3

60 |Correction of ship's speed (misec) | AVg AVg=aDn/(1-w) -(Kqo-Kq) Kq: see[41]
61 | Ship's speed after correction (m/sec) Vg Vg =Vg—-AVg Vs: see[53]
62 |Delivered power (KW) Ppo Poo=Ph-Kqo!Kq Kq: see[21]
63 | Shaft power (kW) Pso Pso = Ppo/nt

Shallow water

64 |Speed loss (m/sec) | AVE AVE =VE+(AVE/VS) AVE VS : see annex F

65 | Ship's speed after correction (m/sec) | Vg Vso =Vg+AVg

6.2 Evaluation of acquired trial data

6.2.1 Performance data
Each item shall be filled in Table 1 as follows:
— [1]: main engine output;
— [2]: run number;
— [3]: course (direction) of run;
— [4]to [6]: ship performance data:
shi:p's speed over the ground, propeller frequency of revolutions, measured power;
— [7] to [9]: wind data:

relative wind velocity and direction, directional coefficient of wind resistance;

192 .
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— [10]: true wind velocity.

True wind velocity, VyT,in metres per second, is calculated by

Vwt = \/VVZ\/R +VE ~2Vwr Vg - cos(w wr) (4)
where

Ve  is the ship's speed over the ground, in metres per second;
Vwr is the relative wind velocity, in metres per second;
wwr s the relative wind direction, in radians;

— [11]: true wind direction.

True wind direction, y T, in radians, is calculated by

_1| Vwr sin + —Vgsin )
vt = tan 1{ WR Sin(yo +¥wr) -V sin(yo } (5)
VwR €os(vo +¥wr)— VG cos(vo )
where

v is the ship's course direction, in radians

— [12] to [17]: wave data (seas and swell).
Significant height and mean period of waves for seas and swell shall be noted when appropriate. Wave data shall
be determined as described in 4.2. When the measured data are available, the averaged period from zeroth and
second moment, T, shall be noted and equation (B.6) shall be applied. The incident angle of waves, y, is defined
in Figure B.2.
— [18] and [19]: Steering data:

rudder angle, drift angle.
6.2.2 Working point of propeller in measurement

[20] to [23]: power data shall be filled in Table 1 as follows.

The torque coefficient, Kq, is calculated from the delivered power and propeller frequency of revolutions as

follows:
1 000 P,
Ko =g =x 5 5 IR (6)
T pn°D
where
Pp = Pg x 77, in kilowatts; -

D is the propeller diameter, in metres;

n is the propeller frequency of revolution, in hertz;

A I(‘A [alalatal Al llatn
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Pg is the shaft power, in kilowatts;
Py is the delivered power, in kilowatts;

nr is the relative rotative efficiency (7g may be determined from either the design data base or preferably by
model tests);

nt is the transmission efficiency (71 may be determined from either the design data base or mechanical
tests);

p is the mass density of sea water, in kilograms per cubic metre.

The propeller advance ratio, J, and load factor, 7, are then determined by making use of a diagram of propeller
characteristics in open water as shown in Figure 2.

Ko N\

T = KqlJ?

T \>\

J J1
Propeller advance ratio

Key

1 Torque coefficient
2  Load factor

Figure 2 — Propeller characteristic curves and working point

Copyright International Organization for Standardization © |SO 2002 - A” rlghtS reserved
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 15016:2002(E)

6.2.3 Calculation of wake factor
Each item shall be filled in Table 1 as follows:
a) [24]: slip ratio.

The real slip ratio, Sg, from measurement is calculated by

DJ
Sp =1-— 8
R 7 (8)

where
J is the propeller advance ratio;
P is the propeller pitch, in metres.
b) [25]: wake factor.

For both runs of a double run, the wake factor (1— w) is determined from the ship's speed over the ground, Vg,
and the propeller advance ratio, J, based on the torque identity and on the open water diagram of the propeller.

1—w="D 9)

Ve
c) [26]: mean wake factor.

The mean wake factor(1 - w)m is determined as the mean of the wake factors obtained for the individual runs of a
double run.

d) [27]: ship's speed through the water.

The ship's speed, through the water, Vg, in metres per second, is approximated by

nD

S

xJ (10)

e) [28]: total resistance of ship.

The total resistance of a ship, R, in newtons, is calculated by

Ry =p-D? Vs*(1-w)h(1-1)-7 (11)
where

1—¢ is the thrust deduction factor;

T is the load factor;

1-¢ may be determined from either the design data base or model tests.
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6.3 Correction of ship performance for resistance increase

6.3.1 Effect of resistance increase on load factor

Environmental and external disturbances, such as sea water conditions, wind, waves and steering, increase the
resistance of a ship, and corrections of the ship resistance for these disturbances should be made. The ship
resistance should also be corrected for the deviation of the actual displacement from the specified displacement.
Resistance increases due to the disturbances and the deviations are calculated by the procedures specified in
annexes A, B, C,D and E. The methods and procedures presented in these annexes are the latest available today.
Other scientifically based methods may be adopted as agreed between the shipyard and owner. Some of these
resistance increases can also be determined from model tests.

[29] to [35] in Table 1 concern the total resistance increase.

The total resistance increase, A R, in newtons, is given by

AR=Rpp +Rpaw + Rss + Rpg + Ras + Rapis (12)
where

Raa  is the resistance increase due to wind, in newtons;

Raw is the resistance increase due to waves, in newtons;

Rss  is the resistance increase due to steering, in newtons;

Rgg  is the resistance increase due to drifting, in newtons;

Rpas is the resistance increase due to water temperature and salt content, in newtons;
Rapis s the resistance increase due to deviation of displacement, in newtons.

[36] in Table 1 concerns the correction for load factor;

The effect of resistance increases on load factor Az is given by

Arzﬁxr (13)

Ry
6.3.2 Torque curve
[37] in Table 1 concerns the corrected load factor.

The load factor corrected by resistance increase, 74, is given by
T1=7-Ar (14)
[38] and [39] in Table 1 concern the propeller advance ratio and torque coefficient, respectively.

The propeller advance ratio, J4, and torque coefficient, K4, are obtained by using a diagram of propeller
characteristics in open water as shown in Figure 2.

[40] in Table 1 concerns the propeller frequency of revolutions.

LN~ .
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The propeller frequency of revolutions, n4, in hertz, is calculated by

J
_ 15
m=n (15)

A graph shall be plotted with the values of n4y and Kq¢ as shown in Figure 3, and the mean curve K4 ~ n4 (.) is
then determined using the least-squares method or alternatives.

€ (O as measured

2

o

£ @ in no air and no waves
S

© (© in no wind and no waves
S

—

5 O

R BN O

®) O O

KQZ O ﬁ/
KOO . \@/ .
K01 A

nyn, n
Propeller frequency of revolutions
Figure 3 — Torque coefficient curves and propeller frequency of revolutions
6.3.3 Working point of the propeller taking account of resistance increase
[41] in Table 1 concerns the torque coefficients.

Making use of the mean curve of K4 ~ nq, torque coefficient Kq(n) is determined.
[42] and [43] in Table 1 concern the propeller advance ratio and load factor.

The propeller advance ratio J'(K'q) and load factor 7'(K{) are obtained from Figure 2.

6.3.4 Ship performance in no air and no waves
[44] in Table 1 concerns the correction of ship's speed.

The correction of ship's speed over the ground due to resistance increases AVg, in metres per second, is
calculated using equations (16) and (17).

a-D-n-(Kq-Kq)
(1=w)m

AVg = (16)

IR aNalalalsl Al llatn
Copyright International Organization for Slandardization“’served
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

17



ISO 15016:2002(E)

where

a-—JTH=IL (17)

(Kqn—KaqL)
where

Jy s the propeller advance ratio at K o obtained from a diagram of propeller characteristics;
JL isthe propeller advance ratio at Ko, obtained from a diagram of propeller characteristics;
Kqn are higher values over the maximum measured value of K q;
KqL are lower values below the minimum measured value of K.

[45] to [47] in Table 1 concern ship's speed over the ground, Vg, in metres per second, delivered power at
propeller, Pp, in kilowatts, and shaft power, Pg, in kilowatts, when a ship runs at » in no air and no waves are
calculated using equations (18), (19) and (20), respectively.

Ve =Vg +AVg (18).

Kq ‘

Py =Py —Q 19

b=F Xq (19)

p=to (20)
nT

6.4 Correction of ship performance for current

6.4.1 Time history of current
[48] and [49] in Table 1 concern time.

The time at middle of run and time at middle of serial runs are noted.

[50] in Table 1, ship's speed at (i+1)th run, ¥g.1), in metres per second, at the propeller frequency of revolutions

n(i) is calculated by

" ] n (l)
V&@is1) = V631 % (21)

where

n(i) is the propeller frequency of revolutions at (i)th run, in hertz;
n(i41) is the propeller frequency of revolutions at (i+ 1)th run, in hertz;

VG(i+1) Is the ship's speed over the ground at (i+ 1)th run, in metres per second.

Equation (21) is applicable if the engine(s) are not operated in constant frequency mode during double runs.

© ISO 2002 - All rights reserved
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[61] in Table 1, the mean current velocity, Vgy, in metres per second, at the intermediate time of each series of
measurements is calculated by

Va(iv1) ~ Vo)

Verg = 22
FM 5 (22)
where Vé(i) is the ship's speed over the ground at (i)th run, in metres per second.
The time history of current is illustrated in Figure 4.
05
VelH) |
w I | | | | I | | | I | |
~ 1
B 10 t t 15 20 Time
Ve
-05 |
Figure 4 — Tidal current curve
6.4.2 Ship's speed corrected with current effect
[52] and [53] in Table 1:
The time history of current gives current velocity, Vg, at each intermediate time of running, ¢;.
The ship's speed corrected with current effect, Vg, in metres per second, is given by
Vg =Vg+VE (23)
When the current is measured by a current meter, the data can be used directly.
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6.5 Correction of ship performance for air resistance

6.5.1 Torque curve

The ship's performance in no wind, no waves and no current is obtained by taking account of the effect of air
resistance due to the ship running in no wind conditions on the load factor and torque coefficient.

[54] in Table 1: Change of load factor for a ship running in no wind.

Azp is given by

ATA _ PA ZAXV 'CAAO > (24)
20-D(1-t)(1-w)m,

where

Ayxy is the above-water cross-sectional area of the ship (area of portion of ship above waterline projected
normally to the longitudinal direction of ship), in square metres;

Caao s the wind resistance coefficient in a head wind;
Pa is the mass density of air, in kilograms per cubic metre.

If the contract stipulates a certain head wind and/or wave conditions, equation (24) is modified accordingly.

[65] in Table 1: Load factor, 7, is calculated using Az, and z’":
o= T/ +ATp (25)

[56] and [57] in Table 1: The propeller advance ratio, J,, and torque coefficient, Ko, corresponding to 7, is
obtained from the propeller characteristic curves shown in Figure 2.

[68] in Table 1: The propeller frequency of revolutions, n,, in hertz, corresponding to J, is calculated by

J'
— X = 26
no =n 7 (26)

and each calculated n, gives a point as shown in Figure 3, by which means a curve of torque coefficient versus

propeller frequency of revolutions ( @ ) is determined using the least-squares method or alternatives.

6.5.2 Ship performance in no wind, no waves and no current, or other stipulated conditions

[59] in Table 1: The torque coefficient, Kqg, which corresponds to the propeller frequency of revolutions, n, is
determined from the torque coefficient curves as shown in Figure 3.

[60] in Table 1: Correction of ship's speed, AVg, in metres per second, for a ship running in no wind is calculated
by

(27)

[61] to [63] in Table 1: Ship's speed, Vg, in metres per second, delivered power at propeller, Ppg, in kilowatts, and
shaft power, Pgg, in kilowatts, when a ship runs at » in no wind, no waves and no current are calculated by

© ISO 2002 - All rights reserved
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Ve =Vs-AVS (28)
K
Ppg = Pp x—2 (29)
Kq
P
Pgg=—22 (30)
nT

6.6 Correction of ship performance due to shallow water effects

[64]: Speed loss, AVg, due to shallow-water effects is determined using Figure F.1 in normative annex F.
[65]: Ship's speed, Vgq, in metres per second, corrected for shallow water is calculated by
VSO =V§ +AV§ (31)

6.7 Final ship performance

Ship performance for each run in no wind, no waves, no current and deep water is obtained by the above analysis;
delivered power at propeller, Ppg, shaft power, Pgq, and ship's speed, Vgq, at propeller frequency of revolutions,
n, are calculated by equations (29), (30) and (31), respectively.

The final ship performance is determined as the mean of the performance of the individual runs of a double run.

7 Example of method of analysis

This example is based on data obtained during speed trials with a single-screw, large, oil tanker (VLCC) in the full
load condition. The ship dimensions are listed in Table 2.

Five double runs were carried out. A torsionmeter was used and an anemometer was equipped on the fore-mast in
the trial. Wave data were obtained from observation by eye.

The data measured during the trial are listed in Table 2 (from item 1 to 19).

a) The measured shaft power and propeller frequency revolutions are plotted against the ship speed in Figure 5
(A mark).

b) The speed of the true wind during the trial varied from 8 m/s to 11 m/s, and it was a north wind. The wind
. direction changed from south to north one day before the trial, therefore the sea was slight (wave height: 0,5 m
to speed of the 1,0 m). The resistance increase caused by the wind was calculated using the method specified

in annex A.

c) The swell varied from 2 m to 3 m, which developed as a typhoon approached. The trial was stopped for a while
after 6 runs were finished because the swell height became large, but it was resumed later. The resistance
increase caused by the waves was calculated using the method specified in annex B.

d) The rudder angle and drift angle were less than 0,01 rad (0,6°), so that the resistance increases are negligible.

e) The actual displacement was about 500 tonnes larger than the specified value, and the actual water density
was 0,1 % smaller than the specified value. The resistance increase due to these deviations is also negligible.

f)  The depth of water was 500 m, so that the speed loss due to shallow water is negligible.

The analysed data are listed in Table 2 (from item 20 to item 65).

IR aNalalalsl Al llatn
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The load correction (from item 29 to 47 in Table 2) produced satisfactory results. Figure 6 shows the diagram of
torque coefficient versus propeller frequency of revolutions.

The tide analysis (from item 48 to 53) also produced satisfactory results. Figure 7 shows the tidal current curve.
The final performance in still air conditions is plotted in Figure 5 (O mark).
Other data used in the analysis are described below:
a) propeller open-water characteristics:
J 0,5500 0,6000 0,6500 0,7000

Kt 02119 0,1907 0,1689 0,146 5
10Kq 03114 0,2893 0,2660 0,2415
b) Capg =10

c) Directional coefficient of wind resistance: Standard of JTTC (see Figure A.2)

29 .
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Figure 5 — Examples of trial performance curves
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Annex A
(normative)

Resistance increase due to wind

The resistance increase due to wind, in newtons, is calculated by

[29]in Table 1: Rap =0,5p4 -Can(wwr)- Axy - VioR (A1)
using

Caa(ywr)=Caao x K(¥wr) (A.2)
where

Axy is the area of maximum transverse section exposed to the wind, in square metres;

Caa(wwr) is the wind resistance coefficient;
Cano is the wind resistance coefficient in head wind;

K(ywr) s the directional coefficient of wind resistance;

Vwr is the relative wind velocity, in metres per second;
YWR is the relative wind direction, in radians;
PA is the mass density of air, in kilograms per cubic metre.

The wind resistance coefficient in head wind and the directional coefficient of wind resistance shall be based on
data derived from model tests in a wind tunnel. For guidance, data obtained from model tests are given in
Figures A.1 and A.2.

In cases where data are available covering ships of similar type, such data may be used instead of carrying out
model tests. When such data are not available, and for ships of unusually shaped superstructures, use of data from
model tests is recommended.
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Figure A.1 — Wind resistance coefficient in head wind
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Figure A.2 — Directional coefficient of wind resistance
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Annex B
(normative)

Resistance increase due to waves

B.1 Calculation of resistance increase due to waves

B.1.1 Calculation method

Calculation of resistance increase due to waves is divided into two stages, basic calculations made beforehand and
calculations to be made on board as shown in Figure B.1.

Wave data shall be determined from observations by eye performed by multiple observers, including the captain. If
instruments can be used, the wave characteristics are determined either by measurement with buoys or from
instruments on the ship.

When both seas and swell are observed and are to be taken into account, the total resistance increase is given by
the sum of resistance increases due to seas and swell calculated independently.

A 16N ANAA AT Zialte - T
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ANALYSIS PRIOR TO SHIP TRIAL
(Calculation of response function of added resistance in regular waves)

INPUT: SHIP PARTICULARS

INPUT: SHIP SPEED
WAVE PERIOD
INCIDENT ANGLE OF WAVES

CALCULATION: HYDRODYNAMIC FORCES

CALCULATION: SHIP MOTIONS

CALCULATION: RESPONSE FUNCTION OF
ADDED RESISTANCE IN REGULAR WAVES

DATA FILING: RESPONSE FUNCTION OF
ADDED RESISTANCE IN REGULAR WAVES

ONBOARD ANALYSIS
(Calculation of added resistance for particular irregular waves during trial)

INPUT: RESPONSE FUNCTION OF ADDED
RESISTANCE IN REGULAR WAVES

INPUT: SEAS DATA;
SIGNIFICANT WAVE HEIGHT
MEAN PERIOD
PREDOMINANT DIRECTION
CALCULATION: ADDED RESISTANCE
IN SEAS (R aw4)

INPUT: SWELL DATA;
SIGNIFICANT WAVE HEIGHT
MEAN PERIOD
PREDOMINANT DORECTION
CALCULATION: ADDED RESISTANCE
IN SWELL (R aw)

CALCULATION: ADDED RESISTANCE IN SEAS AND SWELL ( Rw)
(Raw = Raw1 * Rawz)

Figure B.1 — Flowchart for calculation of resistance increase in waves

B.1.2 Response function of resistance increase due to waves

The most common response function of resistance increase due to waves, expressed in newtons per square
metre, is given by Maruo's theory ([3] in the bibliography) as follows:
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{I I ImJ - kjnojz)oc(m)f+|S(f")|2de(N/m2) (B.1)

E\ 47[@’ k¢ m)—

m }:—%(Hhim)

mo

me

m3 }:%(1—&:@)

2
m+ kot
kg (m) = (m+ kot)”
ko
= Vswe
g
where

g is the acceleration due to gravity, in metres per second squared;
k is the wave number (: a)z/g), in 1/metre;
ko is the wave number (= g/VSZ), in 1/metre;
Vs is the ship's speed, in metres per second;
Ary is the resistance increase due to radiation in regular waves, in newtons;
Sa is the wave amplitude, in metres;
P is the mass density of sea water, in kilograms per cubic metre;
We is the circular frequency of encounter, in radians per second;

C(m) is the symmetric Kochin function, in cubic metres per second;
S(m) is the asymmetric Kochin function, in metres per second.

It is assumed that m3 = my for z > 1/4.

The Kochin functions are determined from singularity distributions which express the flow field of a ship as follows;

- 0(x)e™ s ®2)
S(m) = ILD(x)eidex

where Q(x) and D(x) are the intensity of source and doublet distributions on the x-axis, respectively. These
singularity distributions shall be obtained by a strip method, unified theory or other alternative methods.

IR aNalalalsl LI N
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In short waves, in particular, marked diffraction of incident waves is observed around the bow, and this causes the
main resistance increase in waves. The method based on an assumption of a slender ship cannot take exact
account of the effect of wave diffraction around a blunt bow. As for the correction of this effect according to
equation (B.1), Fujii-Takahashi’'s formula ([10] in the bibliography), Faltinsen's formula [12] and Kwon’s formula [14]
are recommended. These formulae can be used to calculate the response function of resistance increase due to
diffraction in regular waves, Ary /{K .

Faltinsen’s formula is as follows:

Aﬁ:lpgm“ [sin2(;(—9)—%{003;5—cos&cos(;g—@)}]sin&dﬁ
A2 ! g
+I"[sin2(;( +9)—%{cos;{—cosecos(;( +0)}1sinod/ ] (N/m?) (B.3)
g
where

d is the draught of ship, in metres;

14, K1 are the modified Bessel functions;
14 is the coordinate along waterline, in metres;

a4 is the draught influence factor;

7217 (1,5kd)
7212 (1,5kd) + K # (1,5kd)

Ary is the resistance increase due to diffraction in regular waves, in newtons;

@ is the angle between water-line tangent and body axis, in radians;
® s the circular frequency of incident waves, in radians per second.

Kwon’s formula is applicable for all directions of waves. Fujii-Takahashi’s formula and Faltinsen’s formula, however,
should be applied only for the cases of head to beam waves. An assumption that waves are reflected along a ship's
water line, under which the correction formulae are introduced, collapses in the case of following waves
(x <m/2rad). If the formulae are used, it is recommended that the resistance increase due to diffraction (Ary)
equals zero when y < /2.

The coordinate system, etc. are shown in Figure B.2.

2A :
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Key

1 Shadow region
2 Region |

3  Regionll

4  Waves

Figure B.2 — Coordinate system

B.1.3 Calculation of resistance increase due to waves in the trial condition

Ships usually encounter irregular waves during trials. By making use of the response function of ships in regular
waves, the resistance increase of ships in short-crested irregular waves, Rayy, in newtons, is obtained by

A ,a
[30]in Table 1: Raw (;() = 2J. i G(a—;(){f‘(’)o S(f)#df}da (B.4)
7” ¢
where
f is the frequency of the elementary incident wave, in 1/second;
G is the direction distribution of incidence waves;

S(f) is the frequency distribution of incident waves, in square metres per second;

a is the direction of the elementary incident wave, in radians;
Ar . . . . .
— Is the response function of resistance increase in regular waves, in newtons per square metre
A
Arq  Ar
CA <A
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When measured wave data are not available, significant wave height and mean period of waves are estimated by
observations, and the following ITTC standard spectrum for seas shall be applied for the frequency distribution of
incident waves.

_ 0, 11H f3Tg expl 044 | (2

S(f
(To1/)° (To1/)*

) (B.5)

where

H 43 is the significant wave height, in metres;

Ty1 is the mean wave period, in seconds.

[, star

[, strar

When wave data are determined by measurement, the wave spectrum is given by

_ 0,08H {370, expl—— 032 | (2.

S(f
(Tozf)5 (Tozf)4

where T, is the mean wave period, in seconds.

[, star
[ strar

Directional distribution of waves for seas is standardized by cos? type distribution. The directional distribution
G(a) is given by
s

G(a)=gcosza at(—g<a<gj (B.7)

The frequency distribution for swell is described by a narrow band spectrum. The JONSWAP spectrum is
commonly applied for swell as follows:

\_ 0,0721 73T oxp ] 044 exp{—0,5(1,3T01f—1)2/02 )

S(f 5 2 x 3,3 (m~<-s) (B.8)
(Torf) (To1f)

007 for £ <(13Tgq)"
009for £ >(13Tg1) "

150
G(a)= 2,447(cos%j at (-n<a<n) (B.9)

2n : 5
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B.2 Other prediction methods for resistance increase due to waves

The resistance increase due to waves may be obtained by other theoretical methods than those of clause B.1 or
from model tests. One such typical method is the modified Townsin-Kwon method ([15] in the bibliography).

IR aNalalalsl Al llatn
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Annex C
(normative)

Effect of steering

C.1 Steering required for course keeping

The resistance increase due to steering required by course keeping, Rsgs, in newtons, is calculated by

[31]in Table 1: Rss =0,50(1-1r)- o (AR)- AR -V - 64 (C.1)
where
6,131
IR)=—1R_ C2
fa(%R) 2,25+ Jg (©2)

Ar s the rudder area, in square metres;

tr is the resistance deduction fraction due to steering;

Veit is the effective inflow velocity to rudder, in metres per second,;
Or s the rudder angle, in radians;

AR is the aspect ratio of rudder.

The resistance deduction fraction due to steering, tr , is shown in Figure C.1.

© ISO 2002 - All rights reserved
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|- tg

05

/\  SR108 Container model
O  Without propeller
® With propeller (model prop. point)
O
|  Series 60 4m model
@
0 | | | | | |
/ 0,5 0,6 0,7 0,8 0,9 1
Cg

Figure C.1 — Resistance deduction fraction due to steering ([20] in the bibliography)

The effective inflow velocity to the rudder, V¢, in metres per second, is given by

0,75V,
Vst = m\ﬁ ~2(1-cqep)Sr +{1-c1ea(2-c2)} SR (C.3)
where
D
-2 4
1= (C4)
¢y =08(1-w)_ (C.5)

br is the rudder span, in metres;

SR is the real slip ratio.

C.2 Effect of drifting

The resistance increase due to drifting, Rgg, in newtons, is calculated by

[32] in Table 1: Ryp =0,25nx p-d? -V§ - p? (C.6)
where g is the drift angle, in radians.

The drift angle can be estimated by theoretical or alternative methods.
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Annex D
(normative)

Effect of water temperature and salt content

There may be differences in water temperature and salt content due to the trial area and season. Since conditions
may differ significantly between contracts or the ITTC reference conditions of the model test and actual trial,
corrections may be necessary.

If trials have to be performed in a trial area where the water temperature and/or salt content deviate from the
specified conditions, a resistance correction has to be applied.

The correction, Rpg, in newtons, is given by

[33]in Table 1: Rpag = RT0(1—L)—RF(1—@) (D.1)
Po Cr
where
RTO = %po V32 SW 'CTO (|n newtons) (D2)
Rf = %,o-VS2 -Sw - Cg (in newtons) (D.3)

RTo is the total resistance at contractually specified water temperature and salt content which may be derived
from model tests, in newtons;

Cto is the total resistance coefficient for contractually specified water temperature and salt content;

Rg s the frictional resistance at actual water temperature and salt content in trial, in newtons;

Cg s the frictional resistance coefficient for actual water temperature and salt content in trial;

Cgo is the frictional resistance coefficient for the contractually specified water and salt content;

p is the water density for actual water temperature and salt content in trial, in kilograms per cubic metre;

po is the water density for the contractually specified water and salt content, in kilograms per cubic metre.
p and v may be taken from tables or computed by the following formulae which are given as examples:

Density of freshwater (zero salt content), p, in kilograms per cubic metre, as a function of temperature, Ty:

p(TW)=g(a+bTW +cTV2V +dTV%,) (D.4)

AN .
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where

a=101,949 2
b =5,503 076 x10 2
c=-7,68434x107%

d=3,611636x10°

Kinematic viscosity of freshwater (zero salt content), v, in square metres per second, as a function of temperature:
v(Tw)=a+b-Ty +c Ty +d-Tyy +e-Tyy (D.5)
where

a=1786170 x10 8
b=-6,071739 x1078
¢=1507 093 x10~°
d =-2,552 462 x107"

e=2087519 x10~13

Density of seawater (salt content 3,5 %), p, in kilograms per cubic metre, as a function of temperature:

p(Tw) = g(a +bTyy +cTi + dT\?V) (D.6)
where
a =104,830 04

h=-6,210858 x10 3
c=-50976822 x10 4

d=25797397 x10~°

Kinematic viscosity of seawater (salt content 3,5 %), v, in square metres per second, as a function of temperature:
v(Tw)=a+bTy +cT& +dTyy +eTy, (D.7)

where

a=18277885x107°

b=-6,020 0312 x10~8

¢=1528715x107°

d=-2,741868 x10~"

e=2,3718711x10713
Ty denominates the temperature in centigrade. Linear interpolation is to be used for intermediate salt content.
Comyion ot s S o M Served 41

Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 15016:2002(E)

Annex E
(normative)

Effect of vessel condition

E.1 Displacement and trim

Displacement and trim are, in general, factors that can be adjusted to stipulated values at the time of trial but there
may be substantial reasons for discrepancies.

The difference of the actual displacement during the individual trial from the specified value should not exceed 2 %.

Trim shall be maintained within very narrow limits, i.e. the deviation from the specified trim shall be less than one
per cent of the midship draught.

In particular cases where the impact of displacement deviations is larger, a correction, in newtons, shall be applied
in the following way:

[34] in Table 1: Rapys =0,65RT(‘;—0— ) (E.1)
where
1
Ry=—=p-V&-S-Cr (N) (E.2)

2

R+ is the total resistance, in newtons, for trial conditions which may be derived from model test;

. A is the displacement during trial;

:‘ A is the displacement as contractually specified.

No :‘general correction for deviations in trim can be given. However, reference should be made to model tests
performed at constant displacement and variations of trim, if such test results are available for the hull under
consideration.

In the case where the contract specifies the speed for draught and displacement which are not achievable during
trials, the following is acceptable.

Model tests are performed for the draught specified by the contract and for the draught expected during trials. If the
trials confirm the predictions based on the corresponding draught, it is assumed that the same correlation holds for
the draught specified by the contract. This means that the contract is fulfilled.

E.2 Hull and propeller surface roughness

If the trial is performed within a reasonable period of time after final hull painting and propeller polishing, changes in
surface roughness should be minimal and their effect on ship performance negligible.

For particular cases where the trial takes place after a lapse of a considerable period following final docking, and
the effect of surface roughness can no longer be neglected, some methods may be available for correcting such
effects. The methods, however, are not scientific, and the resulting performance should not be utilized for any
purpose beyond general guidance.
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Annex F
(normative)

Effect of shallow water

Speed loss due to shallow water, AVg/Vg, in terms of the parameters, /4y, /7 and V32 /(gh), is determined by
Figure F.1 and/or equation (F.1), which is given by Lackenby ([16] in the bibliography).

As 0124 2(A—'\2"—0,05)+1—(tanhg—}21)1/2 for A—'\Z" > 0,05 (F.1)
VS h VS h

where
Ay is the midship section area under water, in square metres;

g is the acceleration due to gravity, in metres per second squared;

h is the water depth, in metres;

Vg is the ship's speed, in metres per second;

AVg is the speed loss due to shallow water, in metres per second.
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Figure F.1 — Speed loss due to shallow water effect
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