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On the power
prediction
methods
in the
preliminary ship
design stage

The ITTC-78 power prediction method can
by divided into three groups of procedures:
R,s — procedures, T, — procedures and the
Qg — procedures. Only the Q,, — procedures
are analyzed in this paper. A new approach to
the determination of Q. and n_ parameters
is proposed. Outline of the new method is brie-
fly presented.

The new idea of equivalent open propeller
is the basic difference between the ITTC
Qs — procedures and the Q,.-JH — procedu-
res. The aim of this approach is to reduce the
number of parameters needed to be correc-
ted due to the scale effect and to generate
a situation where the Q,;, ng and V_ ¢ para-
meters are of unique value independent of the
subjective choice of averaging criteria.

SUMMARY

INTRODUCTION

The power prediction methods, although different in details, are
all tending towards the determination of the following parameters :

- the hull resistance Ryg

- the propeller thrust Tgg

- the propeller torque Qg

- and the propeller revolution number ng.

The ITTC-78 method [6] needs two kinds of model tests and
a standard treatment of scale effccts on resistance to determine the

Ryg and Ty values :

¢ the hull resistance test (R — procedures)

scale effect

RTM >RTS

¢ the self-propulsion test (75 — procedures)

ty ——> ty = tg =t _—>T“S=F—1i

The third group of procedures refers to Qgg and ng determina-
tion and will by known in this paper as the Qgg — procedures.

To calculate the last two parameters Qgg and ng in the ITTC-78
method introduces an idea of equivalent open propeller.

In general the following definition of the equivalent open pro-
peller (SO) can be given :

The Ky and K coefficients of the SO — screw propeller and the
SB — behind propeller are equal when the SO propeller is working in
a stream with V; velocity. This V4 velocity, satisfying the set of equa-
tions :

K1g =Kro (Ja) )
Kos = Kgo (Ja) )

is called the mean effective velocity (MEV). In consequence, three
other coefficients of the SB and SO — propeller are also equal :

¢ thrust loading coefficients :

B _EKwg, @)
Js T

* torque loading coefficients :

K K

QB QO

2 %y J 4
I r du) @

¢ propeller efficiencies :

Ny =MoJ,) (5)

The ITTC-78 method makes use of a deformed definition of the
equivalent open propeller (EOP). The EOP has been selected a pri-
ori. The SB — behind propeller was decided to be EOP, when it is
working in the uniform stream with the stream velocity V,, = Vyif the
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thrust coefficients are equal, i.e. K3 = Ky (J7), or with the stream
velocity V, = V,, if the torque coefficients are equal, i.e. Ko = Koo
(Jo). Such a deformation of the EOP definition is leading inevitably
to two different results of the mean effective velocity (Vr# V).

The ITTC-78 method decided to use the thrust equality to re-
ceive the Jpy and Vi, (= Jy iy - Dyy) parameters and to receive the
wanted Vg value after the scale - effect transformation of Vpy,. After
equalizing the thrust loading coefficients of the SB — propeller and
the EO — propeller :

KTB — TBS — KTOS (J)

Jis  QViDs )

(6)

the value of Jyg and ng = (Vs /J7s Dg) is received.

The functions K75 and Kyog are to be prepared before using
the results of the £O — propeller test :
Krom =f(J) and Kgom = f(J) (7)

and using the standard ITTC-78 method of transforming both coeffi-
cients Ky and K from model to ship conditions :

Kros = Krom (J) - AKr (8)
Kqos = Kqom (J) - AKq )
The last wanted parameter, Qgg, is calculated from the relation :
Koos = fi)), it J = Jyg is given, i.e. Kpos = flUrg)-
The rotative efficiency from model tests :
Tewt = w (10)
QBM

is (without any proof) assumed to be equal to the rotative efficiency
in ship scale :

_ KQ()S(JTS) _

RS RM
KQBS

(1n

Thus the wanted torque coefficient Qg can be calculated from
the relation :

KoosUts)
KQBS _ roos\ts (12)
LY
and then :
QBs:KQus’ps'né'D: (13)

THE POSSIBLITY TO REALISE
THE GENERAL DEFINITION
OF THE EQUIVALENT OPEN PROPELLER

The general definition of the equivalent open propeller was
given before. In H.Jarzyna's papers [1+5] this idea was deeply
analyzed. The theorem was proved that there is always possible to
select one and only one screw propeller SO(4;;,) from the one para-
meter screw family SO(A4)) so that the equation set :

K1g = Kroj (J,Aj)
Kos = Kgoj J,A)

is to be satisfied by the values J = Jry, 4; = Ajjp,.

(14)
(15)

4 POLISH MARITIME RESEARCH, SEPTEMBER 2001

With the help of the parameter A, the screw SO(A4;,) is se-
lected from the screw family. The advance coefficient J = Jy, intro-
duced to the functions Ky, (J,4;,) and Ko (J.Aj;,,) assures that the
following values are equal :

Kpg = Kqo (JTQaAlim)
Kos = Kqo (Jrg-Alim)

In solving the equation set of (14) and (15) the step-by-step
calculation method is to be used. In the j-step, for given parameter
A, the equations (14) and (15) are solved individually giving J7; from
(14) and Jy; from (15). The parameter 4;,; in the (j+/)-step is to be
selected in such a way that the following inequality is satisfied :

(16)

(17)

‘JT_JQL‘H < |JT_JQ| (18)

The sequences Jy; and Jy, tend to the common limit value
lim Jgy = lim Jy; = Jrg

The sequence 4; tends to the limit value /lim 4; = Ay, . For the
selected screw SO(A4y;, ) from the screw family SO(4;) one can form
its global characteristics such as :

K, K
J.lz() (J’Alim) JSO (J’A]im)

Tl() (J’Alim)

as well as three further equations :

K K

ZTB = —go (J’Alim) (19)
2,
K K

QQB = (go (J’Alim) (20)
2y

n/[; =T’lO(J’IAIim) (21)

and compare these forms of the SO(4,,,) screw with those of the be-
hind screw SB.

The equations (19) and (20) can be brought to another form
when it is known that :

Kog — T, -
12, pVi,D’ (22)
KQB _ QB
T 2 N 23
o PVrD? $24)
In such case from the following equations :
T K
'% = Tzo (LA,) (24)
pV;,D J
K.
%=—(§O(J’Anm) (25)
pVieD J

one can receive Vygand n = Vi /Jpy D from (24), and Qg from (25),
taking J = Jyp.

So it is now possible to determine five needed parameters (Jyg,
Ajim+ Qg » Vg, 1) by solving the equations (14), (15), (19), (20), and
using the additional one :

VTQ:JTQ'H'D



A NEW METHOD
OF DETERMINATION OF SHIP
PROPULSIVE CHARACTERISTICS

On the basis of the new idea of the equivalent open propeller,
new methods for determination of ship propulsive characteristics can
be developed. As an example. the O-JI1 method is presented below.

The Qpy -JH — procedures of the new method can be divided
into two parts.

The first part includes the equation (14) and (15) formulated
for the model conditions :

Krsn = Kyong (LAY (20)

Kosm = Koowmj (J,A)) (27)
where Ky and Ky, are taken from self=propulsion tests. and Ky,
(J.A,) and Ko, I:I,,l,) arc obtained from the characteristics calcu-
lated for the one -parameter serew family.

Solving this equation set by the iteration method one receives
Jroy and Ay the effective mean velocity 1oy = Jron - My - Dy and
the screw SO\, selected from the serew family SO(4). The cha-
racteristics of this screw propeller :

Kyon = f1.Ay) (28)

Koonm = fJ.Ay) (29)
can be now determined. The values Voo and Koy = 100). Koo
= ftJ) are then transformed from model to ship scale by using the well
known ITTC-78 transformation principles.

One receives (Vroy)s. the value of effective mean velocity in
full scale and the thrust and torque coefficients of the open screw
propeller :

Kros = Krom - AK = 1(J)
Koos = Kgom - AK = 1(J)

Thereafter the thrust and torque loading coetticients can be
formed :

KJ‘;’-‘ (J) (32)
K i
and J“‘( 2 (33)

The second part of the Q¢ -JI1 — procedures deals with the
cquations (14). (15), (19) and (20) formed for the ship conditions :

Ko = Kn)s(‘]*A.) (34)
KQH\ = K(‘)(),\(J'A;) (35)
K.«
BI.\ = I:)S (J) (3(,)
[E
Ko«
B(‘)s = JQJ()S (J) (37)

First of all the equations (36) and (37) based on the functions
(32) and (33) from part one of the procedure arc used where the value
Byg is defined and calculated as :

— TBS
Ps (V'I'QM ) D.;

TS (38)

From (36) onc can receive the value J = Jyg satistying the
cquality of thrust loading coefticient of the behind and open screw
propeller. Then from the relation :

(V.

Tom)s =] ‘Mg - Dy (39)

TQSO
the number of revolutions ng, of the propeller can be calculated.

Using the equation (37) to determine the By, value when the
advance coefficient J is equal to Jy50 from the equation (36) :

B _ K(‘)ns ]
QSO — P ( IQS()) (40)
one can calculate the propeller torque Qg from the relation :
proj JUC Upse
Qns() = Buso Py '(VIQ.\l ).; ’ Ds (41)

Thereafter the thrust and torque cocflicients K¢ and K of

the behind propeller can be determined :

T,
K'll&\ = = 1 2
‘ 2 (42)
PN, Dy
Qg
Kons = ——
B! 2 5 (43)
PN, Dy

The set of equations (34) and (35) can be solved now giving the
advance coetticient J; . the screw family parameter 4=4 and the
open screw propeller SO with its hydrodynamic characteristics
as follows :

Kiyos = fr(]LAg) (44)

Koos = fo(J.Ag) (45)

and % = l.l J) (46)
K.](J-’()S - “()(‘]) (47)

The thrust and torque loading coctticients from (46) and (47)
are equalized according to (36) and (37) to the adequate values of the
behind propeller. B¢ and By, received when the advance coefficient

Jtaken from the equation set (34) and (35), is equal to Jys . From

(48) B value is obtained :

K

B = J‘l;m d ros ) (48)
and from (49) and (50) V7 and n¢ are calculated :
5 T,
& BS
Vigs = DB (49)
Ps D By
. = V‘I'Qs (50)
S = b
Jms Dy
On the other hand from (51) B can be calculated :
| —-—
_ ™Qos
BQS_ [E (J'I'QS) b
and thereafter the propeller torque Q¢ can be determined :
2 3
Qgs = BQS Ps 'V’I'Qs -Dg (52)
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The Ry - and the Tzg— procedures are presented in Fig.1 and 2. The original Qg - JH — procedures based on the new idea of the
The Qg — procedures according to the ITTC-78 principles is | equivalent open propeller, presented in this paper, are shown in Fig.4.
presented in Fig.3.
Standard scale effect _ T I
Rim > Ry K Ad Jrom
Kopn = Kyom (3, A)) SO, (Ay)
l \ 1 Koom = Koo AD (= v, I 1
Cim R, Chs h Kom (3 Koom ()
AM
AK; AK,
Fig.1. Block diagram of the Rys— procedures V. (Vrom) ITTC-78
: ToM [ TTC-78 e
KTOS(J) KQOS(J)
- 1 1
; R =1 = B y=——"785— Kios () K gos(J)
Tom: Qam: Fpiny I'y il th =ts =t 0 Ps(Vigm)s Ds % %—
K
Ll Brso = JT:SO ) K gos
Koram: Kosm T, :ﬂ=£§p_svﬁ.ss 1 Bosoz?(JToso)
ST -t 1-t2 ° T
JTQSO
* BQSO
. Vs !
+F, -R. so ~ N
M= BM T - £ JTQSODS Quso = BQsops(vaM )SD;‘
BM l
Fig.2. Block diagram of the Tyg — procedures K = —TB;O KQ = &SO—
s S TBS — 2 BS 2 E
psnsoD; PsngoD3
Fig.4a. Block diagram of the Qgs - JH — procedures, (Part 1)
SO=SB
ITTC-78 Kuos _¢ 3 M J SO (Ay)
— = T TQS
Krow =t 0) Kros = () I Ris=Kapsl T AD L2 ] — ;
ITTC-78 K Koss = Kqos(Js Aj) |-l A
Koow =fo) Koos =Tsa®) = oo _¢ g S || Kaos || Koos®
- I I
T, K K
n=Tiey =0 =20
pSVTSDS ‘] J
SO=SB !
By, =105 () 2 m =
Kl e : Bro =52 Ures) Bos =5 (ros)
Yo [~ Vo [irreas ¢ Vs Trs w
‘ BTS BQS,
Kgou ) g =t .
OM S
Q ™ JTg . DS
2 Ts O =B V2 D}
| r KoosJrs) TQS p DB Bs = DosPs Vres Vs
K oom )
Mem = Ql(;M = Mgs = Nrm = Nk ng =h
QBM ITTC-78 * JTQSDS
_ KQOS(‘]TS)
QBS n Fig.4b. Block diagram of the Qg - JH — procedures, (Part 2)
R
1 Results of comparative calculations based both on the ITTC-78
=K ...-0.n2D} method and the above presented new method will be published in
Qs aes ‘PsflsHs a short time.
Fig.3. Block diagram of the ITTC -78 Qgs — procedures Appraised by Jan Szantyr, Prof.,D.Sc.,N.A.
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NOMENCLATURE

A - screw family parameter

B - loading coefticient

Cy - resistance coefficient

D - screw propeller diameter

F;, - skin friction correction

ITTC - International Towing Tank Conference

J - advance coefticient Kq - torque cocflicient

Ky - thrustcoefficient n - screw propeller revolutions
Q - torque R¢ - ship resistance with ruder
Ry - total resistance of ship hull S - wetsurface of the ship
SB - behind - the hull screw propeller

SO - open propeller t - thrustdeduction factor
T - propeller thrust V - velocity

AK; - thrust coefficient scale-cffect correction

AK,, - torque coefficient scale- effect correction

n - propeller efficiency -

nA - propellerefficiency related to V5

ng - relative rotative ,efficiency™ p - water density

Indices

- everage mean velocity (in general)
- behind-the hull conditions

- step number in j-iteration process
- limit

model ship

- open - water conditions

- full-scale ship

- related to thrust

- reletad to torque

oHnozgT W
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o C onference—\

FEM SOFTWARE
IN COMPUTER AIDED
ANALYSIS, DESIGN
AND MANUFACTURING

From 6 to 9 December 2000 in Warszawa/Rynia - under
this heading — 5th Scientific Technical Conference was held
which comprised 8 topical sessions and 2 MSC SOFTWARE
workshops. Representatives of 14 universities and scientific re-
search centres prepared 32 papers dealing with different fields
of engineering. Three following papers were presented by au-
thors of shipbuilding circles :

®  FEM structural analysis of Ro-Lo ships — by A. Szamik,
Gdynia Shipyard

®  Vibration calculations of a chemical tanker and their me-
asurement verification — by T. Dmitruk, M. Rozbicki,
J. Szymczak, Ship Design and Research Centre, Gdansk

®  Comparison of structural response of a tanker to sloshing
loads, determined experimentally and by means of MSC/
DYTRAN software — by L. Konieczny and H. Michniewicz
of Ship Design and Research Centre Gdansk, and P.Krze-

S C onfefence—\

WT.

MARINE
TECHNOLOGY
ODRA’01

Since 1995 the international scientific technical conference
Marine Technology ODRA devoted to a broad range of ship-
buliding problems has been held every second year in Szczecin.
Itis jointly organized by the Faculty of Maritime Technology, Tech-
nical University of Szczecin and Wessex Institute of Technology,
Great Britain. The last, 4th Conference ODRA’01 in which 80
representatives of Polish and foreign scientific and production cen-
tres took part, was held from 23 to 25 May this year.

During 11 topical sessions 43 papers were presented deal-
ing with interesting contemporary problems of shipbuilding and
ship operation, namely :

Ship design and construction

Shipbuilding materials and engineering processes
Ship propulsion, equipment and automation

Ship navigation and operation

Management of manufacturing processes

Specific features of deep-water objects and systems.

450-page proceedings of the Conference contain papers of
88 authors, inclusive of 26 from Poland, and 62 from Australia,
Canada, China, Croatia, Denmark, Finland, France, Germany,
Great Britain, Holland, Iran, Italy, Japan, Spain, Turkey and USA.

Important accompanying events were a visit to GRYFIA Ship
Repair Yard of Szczecin where vistors were acquainted with its
technical facilities and ship repairing processes, and also that to
Szczecin Maritime University which is equipped with modern di-
dactic instruments and universal ship operation simulators.

A diversion in the Conference were direct social contacts
between participants during performance of artistic entertainments
and the banquet at the historical halls of the Pomeranian Princes’
Castle, sponsored by the Szczecin Shipyard, Porta Holding Co.

As in the previous years the Conference has played an im-
portant role for meeting and exchanging experience between
scientists and representatives of worlwide leading scientific and
production centres. It also has become a forum for preliminary
coordination of projects to be undertaken within the frame of
EU scientific research programs.

The success of the last four Conferences of the kind has
authorized their organizers to start preparing the next, 5th Inter-
national Conference ,,Marine Technology ODRA’03” to be held
in May 2003.

mien-Ojak of Mc Neal-Schwendler — Poland
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