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ABSTRACT

In the paper the current and future possibilities of the R-JH3 method are discussed. The R-
-JH3 method (presented in detail in [27]) was elaborated for the ship power prediction on
the basis of a new definition of the open-water propeller fully equivalent to the behind-the-
-hull propeller. The R-JH3 method can be used to determine the mean effective velocity and
the mean effective pitch coefficient of the behind propeller. The R-JH3 method may be very
useful for scale-effect investigations and scale-effect designation when results of model
self-propulsion test have to be transformed to the ship scale.
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PECULIARITY OF THE ITTC-78
POWER PREDICTION METHOD
AND NECESSITY OF CHANGE
OF THE THIRD GROUP OF PROCEDURES

The ITTC-78 ship power prediction method
can be divided into three groups of procedures :

> the 1% group of procedures dealing with the ship resistance
Rg

> the 2" group of procedures concerning the propeller thrust
Tgg necessary to ensure the ship velocity Vg

> the 3" group of procedures for prediction of the propeller
torque Qpg and the propeller revolution number ng.

Only the 3 group of procedures
is proposed to be changed.

In the 1% group of procedures the ship model resistance
is determined and its experimentally obtained value is trans-
formed to the full scale. The scale effect is the main problem of
the transformation.

In the 2™ group of procedures the change of the ship
model resistance due to the action of the behind propeller is
determined in the form of the suction coefficient. The value of
the model suction coefficient is further supposed to be the same
as that in the full scale.

In the 3™ group of procedures being the subject of chan-
ges, the ITTC-78 method introduces the concept of the equiva-
lent open screw propeller. The concept makes it possible to
determine — in model scale — the effective mean velocity and
the advance mean coefficient. The possibility can be realized
when the model thrust coefficients of the behind propeller and
the open propeller are equal to each other. Their identity gives
the value of the mean advance coefficient JTy and the effecti-
ve mean velocity Vv = Jtv - nv - Dwe

The torque coefficients of the two propellers for J = Jym
are different. The ratio of the two torque coefficients values :

KQOM (J ™ )

=MNgrm
Kosm

is known as the relative rotative efficiency.

The effective mean velocity V1 and the open propeller
(SOM) characteristics Ktom = f(J) and Kgowm = f(J) are trans-
formed from model scale to full scale according to the ITTC-
-78 transformation formulae. This way the mean effective velo-
city Vg is received. The hydrodynamic characteristics Ktog =
= f(J) and Kqos = f(J) are to be joined with a new open pro-
peller in full scale. In model scale the identity of the thrust
coefficients of the model behind propeller (SBM) and the equi-
valent model open propeller (SOM) : Kty = Ktom(J), is the
criterion of equivalence of both model propellers. In full scale
the identity of the thrust loading coefficients of the behind pro-
peller (SBS) and the open propeller (SOS) is the equivalence
criterion of these propellers :

Tos  _ Kyos (v)
2 2 2
Ps V1sDs J
where :

% - thrust loading coefficient of the SBS
PsVisDs  propeller
KLZS(J) - thrust loading coefficient of the SOS

J propeller.

From this equivalence criterion the advance coefficient
J =Jtg can be determined and then the number of revolutions
of the propeller, ng :
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ne = Vs
’ J1sDs

In the ITTC-78 method it is further necessary to assume
that the value of the relative rotation efficiency in full scale,
NRs, is equal to Nrm. From the relationship :

Kqom (JTM ) Kqos (JTS )

Nrm = =
KQBM KQBS
the torque coefficient Kgg can be determined :
K _ Kqos (J TS )
10): 1 —
Nrm

and hence the torque Qpg and the power Ppg :
2 5
Qps = Kqgps *Ps -ng - Dg

Pps =27 - Qs ' ng
can be calculated.

One can note that the 3 group of procedures being in use in
ship power determination has been designed on the basis of the
equivalent open propeller definitions different in model and full
scale. The geometry of the SOM propeller and the SBM propel-
ler are identical. The a priori defined geometry leads to the
hydrodynamic characteristics of such open propeller, Kronm =
= f(J) and Kqom = f(J), and to the equivalence criterion limi-
ted to the thrust coefficients only :

Krem = Krom(J)

From the criterion the advance coefficient J = Jy results.
Hence the effective mean velocity Vv = JTv - nv - Dy can
be determined. In full scale the hydrodynamic characteristics
Kros = 1(J) and Kqos = f(J) derived form the model relation-
ships : Ktom and Kgowm with the help of the ITTC-78 trans-
formation formulae, define the open propeller (SOS).

The equivalence criterion of the SOS propeller and the SBS
propeller is different from that in model scale and is given in
the form of equality of the thrust loading coefficients of the
SBS and SOS propeller.

Some controversial elements of the 3™ group
of procedures of the ITTC-78 method can be indicated.

QO The open screw propeller is given a priori being different
in model and full scale :

¢ in model scale : (SOM) = (SBM)
¢ in full scale : the SOS propeller is described in the form
of the characteristics Kqog(J) and Kyog(J).

O The equivalence criterion of both propellers (the behind
propeller and open one) is different in model scale (the equa-
lity of thrust coefficients) and in full scale (the equality of
thrust loading coefficients).

O The requirement that only the thrust coefficients of both
propellers are to be equal to each other in model scale, re-
sults in that the torque coefficients of the propellers are dif-
ferent. The ratio of the coefficients, i.e. the relative rotative
efficiency, is the same — according to the assumption — in
model and full scale. Due to such assumption only it is
possible to determine the torque Qgg and the power Ppg by
means of in the ITTC-78 method.

Q The condition of equality of the thrust loading coefficients
of both full-scale propellers is based on the following as-
sumptions :
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¢ the transformation of Vry; into Vg is known
¢ the transformations of Koy and Koy into Krog
and Kqog are known.

The transformations can be verified
by using indirect methods only.

The controversial elements in question
can be eliminated, in principle, in two ways :

3% by introducing the generalization of the equivalent open
propeller definition

3% or by eliminating the equivalent open propeller definition.
In this case the numerical determination of the ship power
can be taken into account in the full scale directly.

The first way has been applied in the Jarzyna’s papers [20,
21,22, 27]. The second one is wholly connected with investi-
gations into the computer hydrodynamics problems (numeri-
cal basin). It is a very promising direction of scientific activity
though its practical application is not yet possible.

Even though this research direction will bring full success,
the results of investigations into the equivalent open water pro-
peller will remain of a great value in determining the effective
mean values connected with the behind propeller problems.

As an example of such values can serve the effective mean
velocity or the effective mean pitch coefficient of the behind
propeller. The only way to determine the mean effective valu-
es connected with the behind propeller is to make use of the
definition of the equivalent open water propeller.

So the generalization of the equivalent open propeller
definition can satisfy the following different conditions :

* to make the realization of new concepts of the 3™ group of
procedures of the ITTC-78 method possible

¥* to make it possible to form a compact criterion of determi-
nation of mean effective values which are connected with
screw propeller’s global characteristics

* toserve as a valuable tool in scale effect investigations espe-
cially when the propeller thrust full-scale measurements
are possible in practice.

THE ESSENCE OF THE R-JH3 METHOD

Definition of the open water propeller
equivalent to the behind propeller

For given values (Ktg , Kgg) of the behind propeller and
for the one — parameter family of open — water screw propel-
lers with the pitch coefficient (P/D) being the family parameter
(of the same family geometry as that of the behind propeller,
except of the propeller pitch) the equation set :

P
() = K =Ky J’[Bl

P

has one and only one solution [J = J1q ; P/D = (P/D).]. The
parameter (P/D), identifies — out of the propeller family — one
propeller SO[(P/D).] which is the wanted open propeller (SO)
equivalent to the behind propeller (SB). The characteristics of
the SO[(P/D).] are :

(5]



{5

Identity of other global characteristics
of both propellers

The global hydrodynamic parameters of both the propel-
lers: SB and SO[(P/D)y] satisty the following equations obtai-
ned from the identity of thrust loading coefficients and the iden-
tity of torque loading coefficients :

F YT
D
@) = ZB 2 = —
PVioD J
olls
@ = QzB 37 —
pV2,D J

In order to obtain V¢ from the equation (3) the value J = Jq
resulting from the set of equations (1), (2) is to be used.

Thereafter the value of the number
of propeller revolutions, n :

can be received.

5) = n=

The wanted value of the torque Qp results from the equa-
tion (4) for J = J1g hence the delivered power Pp can be calcu-
lated as : Pp =21 - Qp ' n.

Next the thrust and torque coefficients
Krp and Kqp can be verified.

THE PROBLEMS CONNECTED
WITH THE USE OF THE R-JH3
METHOD IN FULL SCALE

The set of equations (1), (2), (3), (4) and (5), in presence of
the feedback between the parameters Ktgs , Kogps and the
roots of the equation set, can be solved by means of the itera-
tion method only. One can suggest two procedures to determi-
ne the first approximation values of the Ktps and Kggs.

%X The first procedure is based on the preliminary design of
the behind propeller. To this end the following input para-
meters should be given :

Tgs - the propeller thrust sufficient
to maintain the velocity Vg

Vg - ship velocity

Dg - screw propeller diameter

V./Vs(t/R) - the design velocity field.

The thrust Tgg results from the first and second procedure
group of the ITTC-78 method. The parameters Vg and Dg
are given values. The design velocity field can be produced
by using the Koronowicz’s procedure (computer program).

* The second procedure of determination of Kypg and Kqps
is the O-JH3 method of ship power prediction.

The O-JH3 method is below presented in detail because it
can serve as an independent prognostic method parallel to its
function in determining the first approximation values of Ktpg

and Kqgs for the R-JH3 method. The O-JH3 method based on
the new definition of the equivalent open water propeller is
very strongly connection with the ITTC-78 method and it can
serve as a very useful element of correlation of both power
prediction methods.

It is worth mentioning that in the case when the paralell
measurement results of thrust and torque, number of propeller
revolutions and ship velocity are at one’s disposal, the R-JH3
method will be a useful tool for verification of and for scale-
-effect investigations on selected parameters applied in ship
hydrodynamics.

GENERAL REMARKS CONCERNING
THE REALIZATION OF THE PROGNOSTIC
METHODS : R-JH3 AND O-JH3

< The realization of the methods R-JH3 and O-JH3 does not
entail any additional experimental activity in comparison
with that related to the ITTC-78 method.

2 In the 3 group of procedures the results of experimental
model tests are processed by means of computer programs
quite different from those used in the ITTC-78 method. The
proposed methods do not use the open-propeller hydrody-
namic characteristics experimentally obtained as in the case
of the ITTC-78 method. In the new method the hydrodyna-
mic characteristics of the one — parameter open — propeller
family, and thereafter of the equivalent open propeller, are
determined by using a computer program. The propeller
family’s geometry is the same, except of the pitch coeffi-
cient equal to that of the behind propeller.

2 The realization of the R-JH3 and O-JH3 methods, in the
phase of their introduction to the prognostic practice, is
carried out parallel to the calculation procedures of the
ITTC-78 method.

< In the ITTC-78 method the value of the parameter :
VTS

Vs
VTM

Vum

is forejudged because the mean effective velocity Vrg is
determined from the model value V1) by using the ITTC-
-78 transformation.

Goo =

In the O-JH3 method the variability interval of the parame-
ter G is assumed to be Gpin < G < Gax, in Which the value
Gy is contained. The results of the O-JH3 method are given in
function of the parameter G (G = G included).

In the R-JH3 method the effective mean velocity Vg re-
sults directly from the equation (3) (due to the identity of thrust
loading coefficients of the behind propeller and the equivalent
open propeller) for J = Jpqgs and P/D = (P/D).gs being the roots
of the set of equations (1) and (2).

In the R-JH3 method the mean effective velocity Vrqs is
directly dependent upon the input values (Ktgs,Kgps) to this
equation set.

THE REALIZATION OF THE R-JH3
METHOD FOR GIVEN (K , Kog) VALUES
OF THE BEHIND PROPELLER

One can distinguish three cases
when the (K1g,Kqgp) values can be determined univocally :
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< Full-scale measuring results : Tgg, Qgg, Vg, g .

In the case when the ship measuring results (Tgg , Qgs , g ,
Vy) are available, then — for given Kgg, Kqps — the equiva-
lent open propeller, SOS[(P/D).], can be received from the
equations (1) , (2) with the roots [J1qs,(P/D)]. And, Vg
results from equation (3). Then the number of revolutions

VTQS
l'lS -
J TQSDS
and the torque Qgg can be calculated from (4).

Both the values ngand Qgg should be comparable with tho-
se measured on ship. This way a valuable correctness crite-
rion of the measured values was created. The iteration me-
thod can be used to bring the values to identity.

On the other side the full-scale values :

Vros , Kros = £ ([J,(P/D)es]
KQOS =1 [J,(P/D)es] , (P/D)es

can be compared wih those in model scale :
Vrom > Krom = £ ([J,(P/D)em]
Kqom = f[J,(P/D)em] , (P/D)em

The method R-JH3, used in parallel for both model and
full scale, can be a very efficient tool in studying scale-effect.

> Model-scale measuring results : Ty, Qpm > Vv v -

The R-JH3 method can be used in model scale because the
values measured in self propulsion tests make it possible to
determine Kypy and Kqggy. The set of equations (1), (2),
(3), (4) and (5) gives, in model scale, the following results :

Krow [1(PID),
o (B = SOMIEDIl = {KZ(())I\I:I/I [[J ,EP/D;ﬁ

Vim—nm 5 QpMm
Two of the values, ny; and Qg , if related to the measured
values, can be a measurement correctness criterion for the-
se values. The iteration method can be used to bring the
values to identity.

2 Calculated values : Tgg, Qps, Vg, g
for a given final propeller (SBS).

The R-JH3 method makes it possible to find — for a given
behind propeller and given parameters (Krps , Kops) — the
following mean effective values :

= the effective mean velocity Vg
= the effective mean pitch coefficient (P/D)..

THE R-JH3 METHOD USED
TO POWER PREDICTION DIRECTLY
IN FULL SCALE

The difficulties in use of the R-JH3 method directly in full
scale have been already mentioned. The difficulties are due to
the feedback of the behind propeller and open propeller para-
meters. Two possible ways of overcoming the difficulties were
indicated.

1 — which concerns the preliminary behind propeller design
used as a source of the first approximation values of the
thrust and torque coefficients : Kygg , Kogs.

One can assume that the designed propeller is the optimum
one from the efficiency point of view. For a given propeller
diameter an optimum revolution number can be determi-
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ned. The unknown design velocity field can be described
by using different approximate methods, e.g. the results
presented by T. Koronowicz [28]. In the referred papers the
effective velocity field is numerically generated as the final
result of interaction between the ship hull and the screw
propeller. Although the investigations are still in progress
their partial results can be used when only the first approxi-
mation values are needed to start using the R-JH3 method.

2" _ concerning the zero method O-JH3 used to produce the
first approximation values of Kygg , Kqps.

Stage 1 : the R-JH3 method is used in model scale. The
parameters Jrgm , (P/D)em and the equivalent open propeller,
SOM[(P/D)eMm] , of the hydrodynamic characteristics Kronm
and Kqowm , are received. The effective mean velocity :

V1oMm = JTom - v - Dy can be determined.

Stage 2 : the parameters Vrom , Ktom and Kgowm are
transformed to full scale by using the ITTC transformation
formulae.

Stage 3 : from the equations (3), (4) and (5) of the R-JH3
method applied to full scale the parameters J1gs , ng and Qs
can be calculated.

It should be mentioned that Vrqg can be determined — ac-
cording to Griegson and Holtrope [5, 7] — as a variable para-
meter given by the relation :

V10s =G - Vrom

where G is defined as :

Viros

VS
VTQM
VM
In the case when the variable parameter G is introduced
all results obtained in stage 3 are functions of this parameter.

G=

5 Gmin £ G < Gpax

Thereafter the thrust and torque coefficients Ktgg and Kops
are calculated in order to be used in the R-JH3 method as the
first approximation of the input data.

The values Qg = f(G) and ng = f(G)
can be used to predict the delivered power Ppg :

Pps=2m- Qs " ng
NOMENCLATURE

the ratio of nondimensional effective mean velocity of
ship and model

hr - relative rotative “efficiency”

J - advance coefticient

Ko - torque coefficient

Kt - thrust coefficient

ny,ng - number of revolutions of model and ship propeller,
respectively

P - power (in general)

Q - propeller torque

SB - behind - the - hull (behind) screw propeller

SBinod - modified behind screw propeller with constant
effective pitch coefficient

SBM - behind propeller in model scale

SBS - behind propeller in full scale

SO - open-water propeller

SO[P/D)e]- open-water propeller with the given effectiv pitch
coefficient

SOM - open-water propeller in model scale

SOS - open-water propeller in full scale

T - propeller thrust



Vg - ship velocity
Vg - mean effective velocity from thrust and torque
identity

Indices

B - behind quantity

M - model quantity

0 - open water quantity
S - ship quantity
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