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SUMMARY

Executive summary: This document is the progress report on the work for refining the
simulation guidelines for fj as well as “standard f”” curves, which are
necessary for determining fj in the EEDI calculation

Strategic direction: 7.3
High-level action: 7.3.1
Planned output: 7.3.1.3
Action to be taken: Paragraph 12

Related documents:  MEPC 58/4, MEPC 58/4/27, MEPC 58/4/28, MEPC 58/4/29 and
MEPC 58/23

Introduction

1 A non-dimensional coefficient, fi, in the Energy Efficiency Design Index (EEDI)
calculation formula shows a ship’s performance in actual sea conditions, which the ship
navigates throughout her long life, by indicating the decrease in speed in representative sea
conditions of wave height, wave frequency and wind speed (e.g., Beaufort Scale 6).
The f coefficient can be determined by conducting the ship-specific simulation based on the
guidelines developed by the Organization or by taking a fj value from the “standard fy”
table/curve, as explained in paragraphs 9.1 and 9.2 of the draft Interim Guidelines on the Method
of Calculation of the EEDI for New Ships (“Interim Guidelines”, hereafter, annex 11 to
MEPC 58/23).

2 At MEPC 58, Japan submitted proposed draft guidelines for the ship-specific simulation
of fir (MEPC 58/4/27 and MEPC 58/4/28) and the draft “standard f”” curve (MEPC 58/4/29).
While the significance of f was recognized, it was felt that further work would be necessary.
It was thus decided that fj should be taken as 1.0 until the guidelines for the ship-specific
simulation of fy or “standard f;” curves becomes available (paragraph 9.3 of annex 11 to
MEPC 58/23).

For reasons of economy, this document is printed in a limited number. Delegates are
kindly asked to bring their copies to meetings and not to request additional copies.
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3 In order to enhance the reliability and robustness of fi, MLIT (Ministry of Land,
Infrastructure and Transport), in cooperation with NMRI (National Maritime Research Institute),
has been endeavouring to refine the guidelines for the ship-specific simulation as well as
“standard f”” curves by involving as many stakeholders as possible from international maritime
communities. This document is to report the progress of the work done to date.

Simulation guidelines for fy

4 In order to test and refine the draft guidelines for the ship-specific simulation of fj, it is
necessary to involve many designers and shipbuilders in conducting trial calculations of fj for
their own ships and comparing the calculation results with their own estimates of ship
performance at actual sea conditions based on their know-how and methodology including
tank tests.

5 For this purpose, NMRI developed a sample programme for the ship-specific
fwsimulation together with programme manuals. The draft guidelines for the ship-specific
Jfwsimulation were revised based on MEPC 58/4/27 and MEPC 58/4/28, and the sample
programme with manuals exactly follows the simulation procedures described in the revised
guidelines.

6 A set of the programme, the manuals and the draft guidelines was offered firstly to
five Japanese shipbuilders, all of which have their own test tanks and long experiences of
estimating a ship’s actual performance at sea. After their trial calculations for various ship types,
it was confirmed that the draft guidelines provided a reasonable set of the simulation procedure
and the approximation formulas, and that there was no problem in the function of the sample
programme.

7 After the trial and verification in Japan, MLIT and NMRI have sent the programme, the
manuals and the draft guidelines to research institutes and shipbuilding industries in major
shipbuilding countries other than Japan, and requested their cooperation in conducting the trial
calculation.

8 Cooperation with the wider shipbuilding community would be most desirable to ensure
the robustness and transparency of the fj simulation process. Japan would welcome such willing
stakeholders to use the sample programme, to examine the draft guidelines and to give us their
feedback. The latest versions of the draft guidelines is attached at annex 2 to this document,
together with a cover note requesting the cooperation in f simulation trial as attached at
annex 1. Any interested organization/company/associations are welcome to contact the focal
points listed at the end of annex 1, and we will be happy to send the programme and manuals.

9 Following the trial project as described above, Japan intends to submit the revised version
of the draft guidelines for the ship-specific simulation to MEPC 59. Japan considers that, once
the robustness of the guidelines for the ship-specific simulation is proven, such guidelines should
be attached as appendices to the Interim Guidelines, or be adopted as stand-alone guidelines
referred to in the Interim Guidelines.
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“Standard fy”’ curves

10 “Standard fy” curves, which are used to determine fj value in cases where the simulation
is not conducted, are to be determined by a conservative approach, i.e. based on data of actual
speed reduction of as many existing ships as possible under representative sea conditions
(paragraph 9.2 of annex 11 to MEPC 58/23). Before MEPC 58, Japan collected the operational
data of as many as 170 existing ships of Japanese shipping companies, and submitted the draft
“Standard fy”” curves based on the analyses of those operational data (MEPC 58/4/29). In order
to get a wider spectrum of operational data for improving the reliability of “standard f” curves,
Japan had requested international shipping associations and shipping companies to provide
operational data.

11 Some overseas shipping companies have kindly provided their operational data to date
and those data are now being processed and analysed. Taking into account the result of
analysing additional operational data, Japan will examine “standard f3” curves further and
intends to submit a revised version of “standard f;”” curves.

Action requested of the Intersessional Meeting

12 The Intersessional Meeting is invited to take note of the information provided above, in

view of the consideration of the guidelines for the ship-specific simulation of fi as well as
“standard f”’ curves at and take action as appropriate.

kg
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BixkEs

Ministry of Land, Infrastructure, Transport and Tourism

22 January 2009

REQUEST FOR THE TRIAL USE OF THE GUIDELINES FOR THE CALCULATION
OF THE COEFFICIENT (fw) FOR THE DECREASE OF SHIP SPEED IN
REPRESENTATIVE SEA CONDITION

As a task relating to the Energy Efficiency Design Index under development at IMO-MEPC, the
MLIT (Ministry of Land, Infrastructure, Transport and Tourism, Japan) would like to solicit the
cooperation from world-wide shipbuilding industry in the development of the Guidelines for the
Calculation of the Coefficient (fw) for the Decrease of Ship Speed in the Representative Sea
Condition (“fw Simulation Guidelines”). The attached files are the current version of the
fw Simulation Guidelines, the sample programme to calculate fw in accordance with the fw
Simulation Guidelines, and the programme outline/manual. We believe that it is indispensable
for transparency and robustness that major shipbuilding countries are involved in the
development of the fw Guidelines through the trial use of the Guidelines and the sample
programme. The MLIT is making this request in view of the potential benefits to the maritime
industries through the assessment of ship performance in actual sea conditions.

Background

1 MEPC 58 approved the trial use of the draft Interim Guidelines on the Method of
Calculation of the Energy Efficiency Design Index for New Ships (paragraph 4.54.1 of
MEPC 58/23 and annex 11 thereto, “the draft EEDI Guidelines”, hereafter).

2 The Interim Guidelines contains the provision of “fw” factor which would serve to reflect
the ship performance in actual sea in the calculation of the EEDI. Fw coefficient was developed
in an attempt to express quantitatively the speed reduction in actual sea; the speed reduction
means the increase of fuel consumption and CO, emission under the same voyage distance.

I\MEPC\GHGWG\2\2-15.doc




GHG-WG 2/2/15
ANNEX 1
Page 2

<Paragraph 9 of annex 11 to MEPC 58/23>

9 fw is a non-dimensional coefficient indicating the decrease of speed in
representative sea conditions of wave height, wave frequency and wind speed
(e.g., Beaufort Scale 6), and should be determined as follows:

A it can be determined by conducting the ship-specific simulation of its
performance at representative sea conditions. The simulation methodology
should be prescribed in the Guidelines developed by the Organization and
the method and outcome for an individual ship shall be verified by the
Administration or an organization recognized by the Administration;

2 in case that the simulation is not conducted, fiw value should be taken from
the “standard fw” table/curve. A “standard fw” table/curve, which is to be
contained in the Guidelines, is given by ship type (the same ship as the
“baseline” below), and expressed in a function of the parameter of
Capacity (e.g., DWT). The “standard fw” table/curve is to be determined
by conservative approach, i.e. based on the data of actual speed reduction
of as many existing ships as possible under the representative sea
conditions; and

3 fw should be taken as 1.0 until the Guidelines for the ship-specific
simulation (paragraph .1) or fw table/curve (paragraph .2) becomes
available.

3 At MEPC 58, GHG working group, although Japan submitted the draft Guidelines for the
ship-specific simulation (paragraph 9.1 of annex 11 to MEPC 58/23) and the draft “standard fw”
table/curve (paragraph 9.2 of annex 11 to MEPC 58/23), it was then argued that the
establishment of the calculation and verification procedure of fw coefficient should be done at a
later stage, in view of the necessity of the earliest development of the draft EEDI Guidelines and
the concerns expressed for the verification of fw coefficient. As a result, a new paragraph 9.3
was inserted to state that fw should be 1.0 for the time being.

4 Utilizing the trial period of using the draft EEDI Guidelines, the Japanese Government, in
cooperation with its industries, is rigorously working on the overall refinement of the
EEDI Guidelines (other than fw coefficient), by identifying uncertainty and technical difficulties
of calculation and their solution, considering the appropriate baseline, and developing proper
verification procedure. In parallel to these works, Japan intends to continue its task relating to
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fw coefficient, trying to widen the understanding on the usefulness and benefits of assessing the
ship performance in actual sea condition through the use of fw coefficient.

5 More specifically, in this note and the attached fw Simulation Guidelines as well as the
sample programme, we would like to solicit the cooperation from shipbuilding industry, maritime
research institute and academic institute in major shipbuilding countries in the fine tuning of the
fw Simulation Guidelines by conducting trial use of the fw Guidelines.

Review of the importance of taking into account the actual sea condition
6 In the presentation given at the intersessional meeting of the GHG-WG 1 in Oslo and at

MEPC 58, Japan emphasized that the performance of ships in actual sea shows a wide variation
even if the ships have the same principal particulars and similar specification.

Example of Ship Performance in Actual Sea

m Speed loss is not the same even if the ships are designed under
the same specification

BF6
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7 The chart above is based on the experiences of a Japanese shipping company which

operates Pure Car Carriers in North Pacific Ocean routes. It found that those PCCs having
similar specifications, thus having the same design speed in calm sea condition, have shown large
deviation in the speed reduction in actual sea, thus resulting in the deviation in fuel consumption,
which amounts to 10% difference in yearly fuel cost. The bottom line is to make a distinction
between the ship showing superior performance (upper blue line above) and the ship showing
inferior performance (lower red line above).
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8 The fw coefficient was designed to take care of this situation: it is defined as the ratio of
speed reduction from the calm sea condition to the representative sea condition (Beaufort
Scale 6). In the above example, the Ship A (upper blue line) has the fw value of about 0.98
(19.6 kt in BF6 divided by 20 kt in calm sea), while the Ship B (lower red line) has the fw value
of about 0.91 (18.2 kt in BF6 divided by 20 kt in calm sea). The difference in fw values can
represent the difference in ship performance.

9 The fw can be obtained by conducting a ship-specific simulation following the procedure
explained in the attached fw Simulation Guidelines. The sample programme, as attached, was
developed based on the simulation methodology and procedure described in the fw simulation
Guidelines, and can be used to obtain a fw value for an individual vessel.

10 If the simulation is not conducted, the “standard fw” curve can be used to obtain
“average” fw value for a particular ship type and size. MEPC 58/4/29 shows the basic concept of
obtaining “Standard fw” curve (figure 1 below is an excerpt from MEPC 58/4/29).

Tanker and Bulk carriers

® Observed fw of existing
ships

— — Regression line

| |
fw : ;
| | |
| | | |
+ H = +
| | | | | |
: : : : : : draft “standard fw” curve
: o | : : : : (99% lower-confidence
080 F——®———p—————- T-——=== === Fm————- To————= === interval)
| | | | | |
i | | | i |
0.75 ———————:————————:———————: ——————— :———————:————————: ———————————— 99% upper-confidence
| I I | | | interval
| | | | | |
| | | | | |
| | | | | |
070 1 1 1 1 1 1
0 50,000 100,000 150,000 200,000 250,000 300,000 350,000
DWT
<Figure 1 — Example of “standard fw” curve>
11 The red spots represent the calculated fiw values of individual existing ships of Japanese

shipping companies. The regression lines have been drawn and the lower red line was proposed
as provisional “standard fw” curve. For example, if a bulk carrier of 200,000 DWT is going to be
constructed, its “standard fw” would be 0.88 by reading the corresponding point on the red line.
This is “average” fw based on the existing ship data, and if a ship-specific simulation is
conducted, the calculated fw for that particular ship may be 0.95 (in such a case, fw is higher than
average, thus the ship has superior performance, or it may be 0.80 (in this case, lower than
average, thus inferior performance).
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Request for trial use of the fw Simulation Guidelines
12 You are kindly requested:
1 to test the fw simulation sample programme by using your own ships’ data or
using the sample ship data that is attached as example;
2 to send us the results of simulation by filling in the attached Excel file, with

comments, if any, on the practical aspects of simulation programme such as
difficulties that you encountered during the trial use;

3 to examine the fw Simulation Guidelines, in light of the simulation results as well
as your own experiences of estimating the ship performance under wave and
winds; and

4 to send us any comments and suggestions for possible improvement of the
fw Simulation Guidelines, as a result of the above-mentioned trial and
consideration.

13 In order to allow us the time to summarize the comments and the data, the data and
comment submission by 28 February 2009 would be appreciated.

14 Since our main target is ocean-going and large-sized vessels of which contribution to CO,
emission is relatively large, we would appreciate it if the trial calculation is conducted for a
variety of large-sized and major category ships, such as tankers, bulk carriers, container ships and
gas carriers.

15 The provided zip file consists of three folders: 1) DOC, 2) PRG and 3) INPUT. In the
folder “DOC”, there are documents of “fw guideline” and “programme outline”. Please read
carefully these documents at first for the use of the fw Guidelines and programmes. “PRG”
holder contains four programme files for the simulation. And “INPUT” holder includes input
data for three different ship types: a large container ship, a PCC and a Panamax bulk carrier, as
examples for the programmes.

Confidentiality

16 The data for individual ships, to be supplied in the attached EXCEL file, will strictly be
kept inside MLIT and National Maritime Research Institute (NMRI), while your comments and
insights as well as the calculated fw values (without disclosing the ship ID including shipbuilder
and shipbuilding country) may be reflected and incorporated in a future Japanese submission
which will consist of the report of fw simulation trial and the revised fw Simulation Guidelines.
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Contacts

17 The comments, suggestions or questions should be sent to the contact points below via
e-mail. These contacts would be pleased to answer any technical and policy questions relating to
this note.

Mr. Shinichiro OTSUBO

Director for International Regulations

Safety Standards Division

Maritime Bureau, Ministry of Land, Infrastructure, Transport and Tourism
Tel: +81-3-5253-8636

Fax: +81-3-5253-1644

E-mail:  otsubo-s24r@mlit.go.jp

Dr. Masaru Tsujimoto

Chief Researcher

Project Team for Ship Performance Index (10 mode at Sea)
National Maritime Research Institute

Tel: +81-422-41-3902

Fax: +81-422-41-3784

E-mail:  m-tsuji@nmri.go.jp

kksk
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THE DRAFT GUIDELINES FOR THE CALCULATION OF THE COEFFICIENT(fw)
FOR THE DECREASE OF SHIP SPEED IN REPRESENTATIVE SEA CONDITION
1 General

1.1 Application

1 These guidelines are intended as guidance on conducting the simulation to obtain
the fw coefficient, which is contained in the energy efficiency design index, for an
individual ship;

2 these guidelines apply to ships of which ship resistance as well as brake power in

a calm sea condition (no wind and no waves) is estimated by a tank test or an
alternative method equivalent in terms of accuracy; and

3 the design parameters and the assumed conditions in the performance simulation
should be consistent with those used in calculating the other components in the

energy efficiency design index.

1.2 Method of calculation

Symbols

Pg: Brake power

Rr: Total resistance in calm sea condition (no wind and no waves)

Veer:  Design ship speed when the ship is in operation in calm sea condition (no wind
and no waves)

Vi Design ship speed when the ship is in operation under the representative sea
conditions

AR ave: Added resistance due to waves
AR vina © Added resistance due to wind
np: Propulsion efficiency

ns: Transmission efficiency

Subscript w refers to wind and wave sea conditions.

I\MEPC\GHGWG\2\2-15.doc



GHG-WG 2/2/15

ANNEX 2
Page 2
1 The basic procedures in calculating the decrease of ship speed is shown in
Figure 1.1. (See section 4 for more information.)
( ~ > Wind speed Wave
A\ 4 \ 4 A 4
RT ARWind wave
ARW’
A 4
Ry, =R, +AR, V : speed
l R,: total resistance in a calm sea
condition
P, =R,V (1n,.15) AR, : added resistance due to wind and
waves
v P,: brake power
tind va at PBw (I/w) :PB (Vref)

Subscript w refers to wind and wave

A 4 ship resistance as well as brake power are estimated
( fo =V, IV, ) by a tank test or an alternative method equivalent in
terms of accuracy.

Figure 1.1 — Flow chart of calculation for the decrease of ship speed

2 Relation between the power and the decrease of ship speed is shown in figure 1.2

P [kW]

N PBW(Y). curve in the representative sea

Pg(V) curve in a calm sea
condition

fw: Vw / Vyef

» J [knot]

0 Vi o Vi

Figure 1.2 — Relation between power and the decrease of ship speed
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2 Representative sea condition
2.1 Representative sea condition
1 The representative sea conditions are provided in table 2.1 based on the Beaufort
Scale.
2 The direction of wind and waves are defined as heading direction, which has the

most significant effect on the speed reduction.

Table 2.1 — Representative sea condition

Mean wind Mean wind Significant =~ Mean wave Mean wave

speed direction wave height  period direction
Uyina (m/s) 'Y(deg) H(m) T(S) e(deg)
BF6 | 12.6 0 3.0 6.7 0

2.2 Wind condition
1 The mean wind speed and wind direction are given in table 2.1.
23 Wave condition

Symbols
: Angular distribution function

Directional spectrum

Significant wave height

Frequency spectrum

Mean wave period

Angle between ship course and regular waves (angle O(deg.) is defined as the

heading wave direction)

RNL Ty

0: Mean wave direction

o Circular frequency of incident regular waves

A As ocean waves are characterized as irregular ones, the directional spectrum
should be considered.

2 The mean wave speed and wave direction are given in table 2.1. To obtain the

mean wave period from the Beaufort Scale, the following formula derived from a
frequency spectrum for fully-developed wind waves is used.

T=386JH

where, H is significant wave height in meter and 7 is mean wave period in
second.
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3 The directional spectrum ( £) is composed of frequency spectrum( S ) and angular
distribution function (D).

E(w,a;H,T,0)=S(w;H,T)D(xx;0)

A _Bs
S(a; H,T)=—%e o
®

where,
o (27 1(27)
A =— |2\ By=—| 2|, T.=0.920T
4z \ T, 7\ T,
3cos2(9—05 |6?—05|S£
D(e,0)=1rx 2
0 (others)
3 Ship condition
1 The assumed ship conditions are summer full load, constant main engine output

(e.g., 75% of MCR, to be consistent with the one used in the calculation of the
design index), and operation in steady navigating condition on the fixed course;

and
2 the current effect is not considered.
4 Method of calculation
4.1 General
1 Resistance in the representative sea condition, R, , is calculated by adding AR,

which is the added resistance due to wind and waves derived from the section 2.3,
to the resistance R, derived from a tank test in a calm sea condition or an

alternative method equivalent in terms of accuracy;
2 the design ship speed V, is the value of ¥ where the main engine power P, (V,)
under the aforementioned resistance under wind and waves equals P,(V,,), which

is the brake power required for achieving the speed of ¥, in calm sea condition;

of

3 in calculating P, from the total resistance R,,, the properties for propellers and
propulsion efficiency (7, ) should be derived from the formulas obtained from a

tank test or an alternative method equivalent in terms of accuracy, and
transmission efficiency (7, ) should be the proven value as verifiable as possible;

and
Py =R,V I(nyms)

4 the coefficient of the decrease of ship speed (f) is calculated by dividing V,, by
Vyeras follows:

f;v = I/w / I/ref at P, B (Vref ) =P Bw (Vw)
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4.2 Total resistance in a calm sea condition: Ry
1 The total resistance in a calm sea condition is derived from a tank test in a calm
sea condition as the function of speed.
4.3 Resistance in the representative sea condition: Ry
.1 Resistance in the representative sea condition, Ry, is calculated by adding ARnq ,

which is the added resistance due to wind, and AR,.. , which is the added
resistance due to waves, to the total resistance in a calm sea condition Ry.

Rrw  =Rr+ AR,
= RT+ ARwind + ARwave

4.3.1 Added resistance due to wind : AR,,;.4

Symbols
A Projected lateral area above the summer load line
A, Projected transverse area above the summer load line
B: Ship breadth
C: Distance from the midship section to the centre of projected lateral area
(4,); a positive value of C means that the centre of the projected lateral
area is located ahead of the midship section
Choima Drag coefficient due to wind
Ly,: Length overall
ind - Mean wind speed
0, Air density (1.226(kg/m’))
1 Added resistance due to wind is calculated by the following formula on the basis

of the mean wind speed and wind direction given in table 2.1.

_L

ARwind - 2 pa AT CDwind {(Uwind + VW )2 - I/refQ}

2 Cpwina » should be calculated by a formula with considerable accuracy, which has
been confirmed by model tests in a wind tunnel. The following formula is known
for the expression of Cpyng , for example:

4
Cpon =0.922 05071162

OAB LOA

4.3.2 Added resistance due to waves : AR,

Symbols
H:  Significant wave height
T Mean wave period

V: Ship speed
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S}

Angle between ship course and regular waves (angle O(deg.) is defined as the
heading wave direction)
Oblique wave angle

Mean wave direction
Amplitude of regular waves

SIS

Circular frequency of incident regular waves

—

Irregular waves can be represented as linear superposition of the components of
regular waves. Therefore added resistance due to waves AR, 1s also calculated
by linear superposition of the directional spectrum (£) and added resistance in
regular waves (R,4v.) for waves described in section 2.3.

27 o .
AR, :I I WE(w,a;H,T,H)dwda
0 0

2 Added resistance in regular waves, R, should be determined by a tank test or a
formula equivalent in terms of accuracy.

In case of applying the theoretical formula, added resistance in regular waves R, g 18
calculated from the components of added resistance due to ship motion in regular waves, R,,,, and
added resistance due to wave reflection in regular waves R, as an example.

R = me + Rwr

wave

As an example, R, and R, are calculated by the method in 4.3.2.1 and 4.3.2.2.
4.3.2.1 Added resistance due to ship motion in regular waves

Symbols
g: Gravitational acceleration

H(m): Function to be determined by the distribution of singularities which represents
periodical disturbance by the ship

V: Ship speed
a: Angle between ship course and regular waves (angle O(deg.) is defined as the heading
wave direction)
o Fluid density
o Circular frequency of incident regular waves
1 Added resistance due to ship motion in regular waves, R, is calculated as
follows:
my 0 2
4”/)(_." .+J' j|H(m)|2 (m+K,Q,) (m+Kcosa)dm [Qeﬁlj
= I Jm+K,Q) - m*K,: 4

wm

2
A B ,,13+ mz+ o Homl (m+K,Q,) (mﬁLKcosoc)c1 [Q) >1]
ﬂ'p( J;}0 Im Iml )| (m)| \/(m+K0Q8)4 _mzKoz m ¢ 4
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w,=w+KV cosa

. :K0(1—2Qe+1/1—496)

1

2
. _K0(1—2Qe—1/1—4£26)
P 2
_— K0(1+ZQE+1/1+4QE)
O 2
- K0(1+ZQE—1/1+4QE)
e 2

4.3.2.2 Added resistance due to wave reflection in regular waves

Symbols

B : Ship breadth

B, :  Bluntness coefficient, which is derived from the shape of water plane and wave
direction

C, :  Coefficient of advance speed, which is determined on the basis of the guidance for
a tank test

d: Ship draft

F=vi| Ig" Froude number (non-dimensional number in relation to ship speed)

g .

~

R N &~

SRR

1.

N X

pp "

Gravitational acceleration

Modified Bessel function of the first kind of order 1
Wave number of regular waves

Modified Bessel function of the second kind of order 1
Ship length between perpendiculars

Ship speed

Angle between ship course and regular waves (angle O(deg.) is defined as the
heading wave direction)

Effect of draft and frequency

Fluid density

Amplitude of regular waves

Circular frequency of incident regular waves

Added resistance due to wave reflection in regular waves is calculated as follows:

Rwr = %pgé,azBBf (1 + CUFn )ad

o TLKA)

TR KA+ K (K )
K, = K(l +Qcosa)
o=

g
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B, = %{j sin®(a + B, )sin B, dl + J-sinz (=, )sin ﬂwdl}

Vi

where, dl is a line element along the water plane, and domains of integration is
shown in the following figure.

Effect of advance speed, ¢, , is determined as follows:

aU = CU (a)Fn
The coefficient of advance speed in oblique waves, C, («), is calculated as follows:

C,(a) =Max|F,, F.]

(i) B,(a=0)<B, or B,(@=0)<B,
Fy =C,(a=0)-310{B,(a)- B, (a =0)|
F. =Min[C, (& = 0),10]

(ii) B,(@=0)2 B, and B, (a=0)> B,
Fy =68-3108B, ()

F.=C,(a=0)
Where’ Bﬁ:ﬁ, ﬁ:W_
310 310

2 The aforementioned coefficient, C, (« =0), is determined by a tank test. The tank

test should be carried out in short waves since R, mainly works in short waves.
The length of short waves should be 0.5, or less.

3 Effect of advance speed in regular heading waves, ¢, is calculated by the
following equation where R™" is added resistance obtained by the tank test in

regular heading waves, and R, is added resistance due to ship motion in regular
waves calculated by 4.3.2.1.
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R®(F,)-R,, (F
aU(Fﬂ):CUFn: w{iw( n) wm( n)_l
EpggazBB_/-ad
4 Effect of advance speed, ¢, , is obtained for each speed of the experiment by the

aforementioned equation. Thereafter the coefficient of advance speed, C,(a=0),
is determined by the least square method against F,; see figure below. The tank
test should be conducted under at least three different points of F,. Such points of
F, should be selected so that the speed in representative sea condition should lie
between the lowest selected F, and the highest selected F,.

a, =CyF,

A

/

v
=

speed in the
representative
sea condition
in this range
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