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ABSTRACT

Starting with early ship design stage, the hydréssaand hydrodynamics performance
estimation of the ship is an important issue. A®@asequence, the PHP (Preliminary Hy-
drodynamics Performance) software platform was dme in the Research Centre of
the Naval Architecture Faculty in “Dunarea de JoshiJersity of Galati, in order to ob-
tain the preliminary evaluation of the ship resista and powering performances, based
on the main dimensions and fineness coefficiemds, e practical estimation of the ship
weight and initial transverse stability can be rsalil by using PHP software platform. A
synthetical description of the theoretical aspestd software modules is presented in this
paper. This software platform is used at the Navahitecture Faculty, for didactical
applications or research activities dedicated te thitial ship design stage.

Keywords: shiphydrostatics and hydrodynamics, initial designiwafe platform

the basis of difference between the vertical
1. INTRODUCTION positions of the transverse metacentre and

The early ship design process is verycentre of gravity.
important in order to obtain the standard of ~ The following step is focused on the pre-
hydrostatics and hydrodynamics perform-liminary estimation of the ship resistance and
ances ([6], [7]). powering performance, including the selec-

The evaluation of the main dimensionstion of the optimum propeller characteristics
and fineness coefficients of the ship repre-on the basis of B-Wageningen propeller
sents a first step, having a decisive impact orseries.
the ship performances. Different statistical In the last preliminary hydrodynamic
relations can be used in order to verify thestep, the manoeuvring performance of the
main dimensions and form coefficients of theship must be estimated, by using the PHP-
ship. Manoeuvrability software platform.

Then, the correlation between the dis- A fast investigation procedure on initial
placement and the weight components of thdransverse stability and hydrodynamics per-
ship must be verified in the second stage andormance is an important problem of the early
the position of centre of gravity may be esti-ship design stage. In this context, the PHP
mated. (Preliminary Hydrodynamics Performance)

The next step consist of the preliminary software platform was created in the Research
estimation on initial transverse stability. The Centre of the Naval Architecture Faculty in
initial metacentre height can be calculated orfDunarea de Jos” University of Galati.
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A synthetical description of the specific ship displacement is divided into the light
methods used to solve the mentioned probship weight and deadweight. The main com-
lems is presented in the next chapter. ponents of the light ship are: structural

weight, propulsion system weight, outfit and
2. THEORETICAL ASPECTS hull engineering weight and displacement

The hydrodynamics performance of thereserve. The main components of the dead-
ship is influenced by the main dimensionsweight are: payload weight, fuel weight in-
and fineness coefficients. As a consequencegluding lube oil and fresh cooling water,
the selection of the length, breadth, draughtrew and luggage weight, provisions and
and depth of the ship is very important andstores weight and water ballast weight ([6],
can be performed by using empirical rela-[12]).
tions ([13], [15], [17], [18]) or statistical Different parametric models can be ap-
data. plied in order to compute the mentioned

The ship length may be calculated as aveights ([6], [12], [13], [14], [15], [17],
function of the ship speed and displacement18]).
or volumetric displacement. For example, the  Also, the position of ship centre of grav-
relations of Jager, Noghid, Gallin or Pos-ity may be estimated. The vertical centre of
dunine can be applied ([6], [11]). gravity depends by the ship depth and the

The breadth can be calculated dependindype of ship ([6]).
of the type of ship and length between per-  The preliminary estimation on initial
pendiculars, by using the formulas of Arken-transverse stability is a very important step in
bout and Schokker, Watson, Sanderson ofarly design stage. In order to compute the
Bendford ([6], [11], [13], [17], [18]). initial metacentre height, the vertical centre

The mean draught can be estimated deof buoyancy and the transverse metacentre
pending by the breadth-draught ratio. Theradius must be estimated ([6], [7], [13], [15],
depth depends by the length-depth ratio. Thé17]).
relations proposed by Watson are typically =~ The vertical centre of buoyancy can be
([17], [18)). estimated depending by mean draught and

Also, the empirical formulas can be ap-fineness coefficients, using different rela-
plied in order to compute the fineness coeffi-tions, as Riddlesworth, Asik, Noghid, Moor-
cients. ish, Pozdiunin-Lackenby, Wobig, Normand

The block coefficient depends by the or Schneekluth ([6], [15]).

Froude number or ship speed and length be- The transverse metacentre radius may be
tween perpendiculars. The relations of Asik,estimated depending by the ship breadth,
Ayre, Alexander, Dawson and Silverleaf may mean draught and fineness coefficients, by
be used ([6], [11]). using distinct expressions, as Normand,

The water plane area coefficient dependdioovgard, Jakwlew or Ranert [6].
by the block coefficient and can be calcu-  Also, direct expressions can be used in
lated by using the relations of Lyndbladom, order to calculate the initial metacentre
Bronikov, Parsons or Gallin ([6], [11], [14]). height ([6], [7]).

Also, the midship section coefficient can ~ The next step is dedicated to the ship re-
be determined by means of the block coeffi-Sistance and powering performance estima-
cient, using the expressions of Noghid, Jeleation. The selection of optimum propeller
jkov or Parsons ([6], [11], [14]). characteristics on the basis of B-Wageningen

The ship weight components may be es{ropeller series was included ([6], [7], [13],
timated in the initial design stage in order to[14], [15], [17]).
check the balance between the ship dis- The ship resistance represents the result-
placement and the main components. Theng hydro-aerodynamics forces acting on the
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ship, projected on the speed vector directiorwherey is quasi-propulsive coefficient and
[7]. On this software platform, the resistancenp is the propellers number.

in still water of the ships running in dis- The brake power at full rating (100%
placement domain can be calculated, based OMICR) is given by the relation ([10], [14])
the Holtrop-Mennen method ([3], [4], [10]. P

By using this method, the total ship re- P, = L (4)
sistance can be determined on the basis of Max Wreq [(H_Ms)
following relation ([3], [4]) where ;_ is the line shaft bearing efficiency,

R =R (1+k)+Ryp+Ry +R R +R, (1) N..41S the reduction gear efficiency ands 8
the power service margin.

where (1+k) is the form factor of the bare The brake power at service rating SR is
hull, R is friction resistance, ke is append-  given by the relation ([10], [14])

ages resistance (due to the rudders, fins, bilge w_ P

keels, shaft brackets, bossings, bow thrusters P :§ ©®)
tunnels, etc.), i is own wave resistancegR The usual values of the service rating

is the additional pressure resistance of bulgefficient SR= 085.095 correspond to
bous bow near the water surfacar B the 5 qomain 85%-9.5%.i\/I.CR.

additional pressure resistance due to transom

immersion and R is model-ship correlation step, the manoeuvring performance of the

resistance. ) ship must be estimated, by using the PHP-
Also, on the basis of Holtrop-Mennen Manoeuvrability software platform.

method the propulsion coefficients may be On the basis of these modules, the hy-
estimated (wake fraction, thrust deductiony,,qvnamic performance of the rudder, ship
coefficient and relative-rotative efficiency) manoeuvring performance, ship sinkage in
and the hlgl efﬁmzncy can be ﬁalculated. shallow water or bowthruster powering can

In order to determine the open watery, ogtimated. The detailed description of

propeller efficiency and to calculate the qua-yese modules was realised in the references
si-propulsive coefficient, a software module 18] and [9]

was developed, based on the diagrams of B-

Wageningen propeller series [10]. KnOWinglperformances of the ship in the initial design

thed phro%el’”gr diameter, tEe Elades gumbe stage can be estimated by using this complex
and the blade area ratio, the thrust and torqug,yare platform: the initial transverse sta-

coefficients, the open water propeller effi- v, ship resistance, propeller characteris-

cie_ncy, the pitch ratio.and the propeller reVO-jics. powering performance and manoeuvring
lutions can be determined. abilities.

In the following step, the powering per-
formance of the ship may be estimated, or3. PHP SOFTWARE PLATFORM
the basis of a specific software module [10].

The effective power is calculated by us-

In the last preliminary hydrodynamic

As a consequence, the most important

The PHP software platform contains the
. ; following initial design modules (Fig.1):
ing the relation ([10], [14]) PHP Main Dimensions, PHP Ship Weight,

Pe - Rr [V_[(1+MD)_ . (2) . PHP Transverse Stability, PHP Ship Resis-
where M, is design margin and v is ship (ance Holtrop-Mennen, PHP Propeller B-

speed. _ , Wageningen, PHP Ship Powering.
The delivered power is calculated by us- Also, the PHP software platform con-
ing the expression ([5], [9]) tains the following manoeuvrability modules,
P, = Pe 3) that were described in the references [8] and
7, [, [8]: PHP Rudder Hydro, PHP Rudder Cavita-
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tion, PHP Manoeuvrability Performance,

PHP Squat and PHP Bowthruster.

PHP
(Preliminary Hydrodynamic Platform)

PHP Main Dimensions
PHP Ship Weight

PHP Transverse Stability

PHP Ship Resistance Holtrop-Mennen
PHP Propeller B-Wageningen

PHP Ship Powering
PHP Rudder Hydro

PHP Rudder Cavitation

PHP Manoeuvrability Performance
PHP Squat

PHP Bowthruster

The PHP Propeller B-Wageningen mod-
ule allows to select and calculate the propel-
ler characteristics on the basis of diagrams of
B-Wageningen propeller series.

The PHP Ship Powering module can be
used in order to compute the effective power,
delivery power and brake power of the ship.

The PHP Rudder Hydro module calcu-
lates the position of the rudder stock to the
leading edge and the total torque related to
the rudder stock, by means of the Voitkoun-
ski method [16], in order to select the steer-
ing gear from data catalogues.

The PHP Rudder Cavitation module uses
the Brix method [2] in order to check the
cavitation domain on the rudder surface.

The PHP Manoeuvrability Performance
module was developed to estimate the ma-
noeuvring and course keeping characteristics
of the ship, based on the linear hydrodynamic
Abkowitz manoeuvring model [1] and rela-
tions of Lyster and Knights [5].

The PHP-Squat module can be used in
order to estimate the ship sinkage in shallow
water restriction [2].

The final module, PHP Bowthruster can
be used to determine the bowthruster power-
ing [2].

The software platform PHP is used for
didactical applications at the Naval Architec-
ture Faculty ([8], [10]) and also, for design or
research activities related to the ship trans-
verse stability and hydrostatics or hydrody-

Fig.1. PHP software platform flow chart ) X X
namics performance in the early design

The first module, PHP-Main dimensions Stage-

calculates and check the main dimensions; CONCLUDING REMARKS
and fineness coefficients of the ship, on the
basis of statistical or empirical relations. Starting with the initial ship design
The second module, PHP Ship Weightstage, the hydrostatics and hydrodynamics
can be used in order to estimate the shigperformance estimation of the ship is an im-
weight components. portant issue.
The third module, PHP Transverse Sta- [0 this context, the complex software

bility allows to compute the initial metacen- Platform PHP (Preliminary Hydrodynamics
tre height and to estimate the initial trans-Performance) was developed in the Research

verse stability of the ship. Centre of the Naval Architecture Faculty in
The PHP Ship Resistance Holtrop- ‘Dunarea de Jos” University of Galati, in

Mennen module estimates the ship resistancérder to determine the main dimensions of

by using the mentioned method ([3], [4]). the ship and fineness coefficients and to es-
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timate the ship weight, initial metacentre ulty, in “Dunarea de Jos” University of Ga-
height, ship resistance, powering and madati, which is greatly acknowledged.
noeuvring performances in initial design The author thanks Alexandru Andoniu,
stage. Dorin lulian Chiracu, George Jagite, Ana
On the basis of PHP software platform, Maria Chirosca and Bogdan loan Bahrim,
the most important initial design problems which realized the computer codes in Java
related to the hydrostatics and hydrodynam4anguage, during their research activities in
ics performances can be solved: the initial ship design domain, as students.

Determination and checking of the
main dimensions and fineness coef-
ficients of the ship;

Preliminary estimation of the ship
weight components;

Preliminary estimation of the initial
metacentre height and checking of [2
the initial transverse stability; 3]
Preliminary estimation of the ship "
resistance by using Holtrop-Mennen
method,;

Preliminary estimation of the pro-
peller characteristics;

Preliminary estimation of the pow- [5].
ering performance of the ship;
Estimation of the rudder stock posi- [6]-
tion;

Estimation of the total torque on the
rudder stock and selection of the
steering gear from data catalogue;
Checking of the rudder cavitation;
Estimation of the ship manoeuvring
and course keeping abilities in deepl8].
water conditions;

Estimation of the ship sinkage in
shallow water conditions;

Estimation the bowthruster power [q].
and selection of the bowthruster
type from data catalogue.

[

[4].

This software platform is in current use
at the Naval Architecture Faculty in “Du-
narea de Jos” University of Galati, for didac- [10].
tical applications or research activities dedi-
cated to the hydrostatics and hydrodynamics
studies in the initial ship design stage.

Acknowledgements

[11].

The research was supported by the Re-
search Centre of the Naval Architecture Fac-

© Galati University Press, 2017

REFERENCES

Abkowitz, M.A., Lectures on Ship Hydro-
dynamics-Steering and Manoeuvrability
Report No.Hy-5, Hydro- and Aerodynamics
Laboratory, Lyngby, Denmark, 1964.

Brix, J., Manoeuvring Technical Manual
Seehafen Verlag, Hamburg, 1993.

Holtrop, J., Mennen, G.J., An approximate
power prediction methqd International
Shipbuilding Progress, 1982.

Holtrop, J., A statistical re-analysis of resis-
tance and propulsion datalnternational
Shipbuilding Progress, 1984.

Lewis, E.V., Principles of Naval Architec-
ture, vol lll, SNAME, 1989.

Obregja, C.D., Manolache, L., Popescu, G.,
“The basics of preliminary ship design”
Academica Publishing House, Galati, 2003
(in Romanian).

Obrega, C.D., “Ship Theory. Concepts and
analyse methods of the ship performance”
E.D.P. Publishing House, Bucharest, 2005
(in Romanian).

Obrga, C.D., Crudu, L., Pacuraru, S,
“Ship Manoeuvrability. Numerical Labora-
tory”, The University Foundation “Dunarea
de Jos” Publishing House, Galati, 2015 (in
Romanian).

Obrega, C.D., “Software platform for ma-
noeuvrability performance estimation in ini-
tial ship design} The Annals of “Dunarea
de Jos” University of Galati, Galati Univer-
sity Press, pp. 15-20, 2015.

Obrga, C.D., Marcu, O., “Preliminary
ship design. Numerical laboratory” The
University Foundation “Dunarea de Jos”
Publishing House, Galati, 2016 (in Roma-
nian).

Obregja, C.D., Bahrim, B.l., “Computation
of main dimensions and form coefficients in
initial ship design’; The Annals of “Dunarea
de Jos” University of Galati, Galati Univer-
sity Press, pp. 95-98, 2015.



Fascicle XI The Annals of “Dunareadiss” University of Galati

[12]. Obrga, C.D., Chirosca, A.M., “Prelimi- [16]. Voitkunskii, la.l., Spravocinik po Teoria

nary estimation of ship weightThe Annals Korablea Sudostroenie, Sankt Petersburg,

of “Dunarea de Jos” University of Galati, 1985.

Galati University Press, pp. 115-118, 2015. [17]. Watson, D.G.M., “Practical ship design’
[13]. Papanikolaou, A., “Ship design. Method- Vol.1, Elsevier Ocean Engineering Book Se-

ologies of preliminary design” Springer, ries, 1998.

2014. [18]. Watson, D.G.M., Gilfillan, A.W., “Some
[14]. Parsons, M.G., “Parametric design’; Uni- ship design methods”Transaction RINA,

versity of Michigan, 2002. Vol. 119, 1977.

[15]. Schneckluth, H., Bertram, V., “Ship de-

sign for efficiency and economyButter-  Paper received on September 15”‘, 2017
worth-Heineman, 1998.

10 © Galati University Press, 2017



