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As, announced by dr. J.P. Hooft of.MARIN at the
18th I.TT.0 (1] the Ship Hydromechanics Labora-
tory of the De.lft University of Technology has
on hi's instigation carried Out a series of
tests with a seven-segmented ship model to de-
termine 'the 'distribution of the drift force
and the cross flow drag over the length of the
model:. Up to now only a few experiments have
been reported with segmented models for the
derivation of the local cross flow drag coef-
ficient; see 121 and (3]. Recently Matsumoto
and Suemitau reported in 141 similar experi-
ments with a ten-segmented ship model. They
showed an almost identical distribution' of. the'
cross flow dreg coefficient over' the ship's
length as found in this study. Included her,e
are also the results of the statIc drift angle
experiments carried out with the same abov,e
mentioned seven-segmented mode'l in different
waterdep'ths as reported in (5] and referred to
in, the proceedings. of the 17th ITTC (6]. These
experiments formed part of an investigation to
determine the longitudinal distribution of lOw
f.requency hydrodynanic derivatives for lateral
motions in shallow water. Another experimental
study on manoeuvri'ng hydrodynamic forces in
shallow water Was carried Out by Hirano et al.

NOMENCLATURE INTRODUCTION'

v transverse speed * Associate Professor
(positive to' starboard)

ABSTRACT Y

Drift forces have been measured on a seven-
segmented ship model for drift angles up to 20
degrees at different forward speeds. These ex-
periments have been carried out for three dif-
ferent.draughts and also at 34 degree bow and
stern trim for the design draught.. For each p
section the linear and nonlinear part of the
drift -force have bean determined as Well as
the cross flow drag coefficient to find the
longitudinal distribution of the coefficients
related to speed and drift angle. Similar re- $ubacripta
lations have also bean, determined for the
whole ship model. It appeared that for even
keel and bow trim the forward sections con-
tribute the most dominant par.t .of the drift In
fo.rces while for trim by stern higher drift
forces with a more equal distribution along nl
the ship length are produced. Calculated vàl-
ues based on strip theory, also taking into V

account the, influence of the bottom have been
compared with 'measured values derived from the
linear part of 'the drift forces .and showed $ up era cv ip t a

rather good agreement for the forward, part of
the model. A practical calculation method for *

determining the linear drift force coefficient
in combination with a cross flow drag est.i-
'mated from experiments, provides a good ap-
proxiinat'ion of the total d'rif.t force coeffi-
cient.
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(7). Force measurement tests by means of a PMM
ware performed with use of three kinds ofship
models at various waterdepths. The results
showed the same tendency related to the hydro-
dynamic derivatives of the hull as found in
(5, 6) for shallow water
Hydrodynamic derivatives on ship manoeuvring
in trimmed condttjon have also been investi-
gated 'by Inoue at al. as presented in (8] and
(9). Trim by stern delivered in their studies
almost linear increase of lateral forces with
the trim. Also Gerritsma found a significant
increase of the drift force for trim by stern
(101. To gain more insight in the dependency
of the drift force to the longitudinal post-
tión, drift angle, forward speed, model trim
and sinkage, it was decided to carry out sta-
tical drift experiments with a seven-segmented
model varying, the mentioned parameters. This
total drift force was for each section divided
into a linear and non-linear component. - In

this way the longitudinal distribution could
be estimated for both the total and the linear
part of the drift force. From the non-linear
part of the dri'f,t force the cross flow drag
coefficient has been derived as well as the
longitudinal distribution of this coefficient.
More detailed information about the experi-
ments only has been presented in (11].
Strip theory calculations have been performed
for deep and shallow water. For the last
mentioned case use has been made of Ketl's
method as presented in (12]. The influence of
the bottom on the drift forces should be taken
into account earlier than supposed up to now.
All calculations' are based on the assumption
of an.ideal fluid, thus neglecting the effects
of viscosity. A comparison of the experimental
values related to the linear part of the drift
forces and the óalculated values show the
influence of viscosity on the distribution of
the hydrodynamic derivative in particular aft
of the midship section. Because of the separa-
tion effects n this region the application of
strip methods remains questionable. Nevovthe-
less, for this ship type an attempt has been
made to present a rough estimate for the
determination of the linear drift coefficient
which in combination with an expression for
the influence of the cross flow drag based on
experiments, delivers a value for the total
drift force coefficient. -

DESCRIPTION OF EXPERIMENTS

Static drift angle experiments have been
-performed with the well known 2.3 meter model.
of the Todd Sixty Series.

Table 1

Length between--

perpendiculars
Length on the waterline
Beam
Draught .

Volume of displacement
Blockcoefficient
Jaterplane area
LCB forward of.L/2
LCF aft of L/2

The model has been tested without rudder and
propeller. - The same model has been used
earlier for analogous tests in deep and shal-
low water (5, 6]. The model has been divided
into seven segments each of whiàh was separa-
tely connected to a strong beam by means of a
strain gauge dynamomater.. These dynamometers
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All sections have for the design condition a
length 1 - 0.323 meter except for the last
section nr.l which has a length of 1 - 0.360
meter. The experimental set up as used for the
oscillation tests is shown in figure 1.
The tes,t conditions considered are summarized
in table 2.

Table 2

Test condition nr.1 has been considered with
former experiments and the results have bean
reported in (5) and (61. It has been taken
into consideration again to complete the
variation of the conditions related to the
present- study especially with respect to the
restricted waterdepth and the lower values of
forward speed. At the end of the model., fore
and aft, tell tales have bean attached to the
hull surface in order to establish if and when
separation occurred.

RESULTS OF EXPERIMENTS

For each section the total drift force Y has
been measured from which may be determined the
coefficient:

-Uainfi v
(1)

in which U - the forward speed and v -Usinfi

The dimensionless coefficient for each segment
is -expressed as:

*

v 0.5pL2U
v

(2)

which, upon substitution of (1), becomes

Y*

- O.5pL2U2sinfl

This coefficient Y' has. been determined for
all conditions on the basis of a positive
drift angle being. an average value of both the
positiye and negative drift angle to eliminate
asymmetrical hull form influences with respect
to the centerline. From these observations -for
each section the linear and non-linear part of
the drift force coefficient have been estab-
li-shed in a graphical way which yields:

C, *'- Tvin + Tvnl (4)

The cross flow drag coefficient for each
section is defined as:

*
* Yni

CD *
O.5pLT -vivi

(3)

measured horizontal forces perpendicular to
the longitudinal centerline of the model only. The coefficients for the whOle model aá sum of

nr T

m

L

In.

a

deg.

F-n fi

degrees -

h/T

1 O.l29H2.295 0 0.06,75 ±2,4,6., 8,10 2-.4
- 0.103

- 0.15
.2 0.12-9 2.295 0 0.20 ±4,8,12,16,20 15

O..25 -

3 O.1292.233H+3..40.15 ±4,8,12,16,2015
bow
down

0.25

4 0.129 2.314 -3.4 0.15 - ±4,8,12,16,20 15
'bow 0.25
up -

5 0.159 2.320 0 -Ol5 ,±48l2,l6,2O 12
- 0.25

6 0.099 2.2-16 0
-

0.15 H±4,8,12,16-,20 20
- 0.25

L 2.. 258 m

Lwl 2.296 m
B 0.322 n
T 0.129 m
V 0. 06-57m3

0-. 70

Awl -
0.572 m2
0.011 m
0.03.8 'm



the sectional values are shown for all condi-
tions considered Ln figure 2 as Tv for the
total drift force, in figure 3 as for the
linear component of the drift force and in
figure 4 as'C0 for the cross flow drag.

The longitudinal distribution of Y,,, and
CD is presented as 1. Tvin and CD respective-
ly in the figures 5-9 for the denoted condi-
tions. The horizontal drawn line denotes the
average measured value of ach segment. The
coefficients Y. Yvi and C0 are defined by:

*' *' *
'vl'n C0

- - 'vin - . CD
-5 5 5

where l' - the length of the section under
consideration. A possible continuous curve for
the coefficients Y, vin and CD has been
achieved in the figures 5-9 by taking into
account the condition that for each segment
the average value should be reproduced.

calculations

For the calculations of, Y use has been. made
of a two-dimensional multipole approximation
following the method of Keil [12] and taking
into account the influence of the bottom.
After Lewis-transformation the sectional added
mass m' and damping N' have been determined
for the even keel condition (nr.l and 2) at
the design draught.
For manoeuvring frequencies approaching zero'
value the influence of the potential damping
N may be neglected. What remains for the
damping i's the derivative of the sectional
added mass in longitudinal direction multi-
plied with the.forward speed. Viscous effects
are not taken into account up to now.To show
the influence of the bottom

1andY- - U *
dx 0.S'pL'U

have been calculated for sect.nrs.0-20 in case
of the following waterdepth-draught ratio's:

hIT - 5000, 77, 15, 5,2.4,1.5, 1l5

The results are shown in table 3a and b from
which it may be. clear that the influence of
the bottom already starts at h/T-l5 and
becomes significant at hIT-S. It should be
remarked, that integration over the ship's
length of

dm I

Yv_'dx O5pL2

delivers a zero value for

Y,,
- J Y; dx

A
,

in case there is. no sectional area at the end
sections. Because of separation phenomena
after the midship aec5tion it is sometimes
proposed to' integrate Y from to a certain
ordinate after midship.. In this case the inte-
gration has' been c'arried out up to ordinate 8.
ThiS choice depends on the experimental curve
for 1v whi'ch will be discussed later on. Inte-
gration from up to ordinate 8 leads t'o

(7)
m'(ord.8)

0. 5pL2
ord.8

dx
0. SpL2

and for the moment of the drift force

F
,

J x dx (8')'

ord. 8

These calculated results,. and N,,, have been
compared in table 4 with the experimental
results and the results 'calculated according
to the method of Norrbin [13]. and Inoue [1'4J.
For this comparison the same waterdepth-
draught ratio's have been taken into conside-
ration as mentioned befote. The results of
table 4 also show the significance of the bot-
tom influence from h/T-S. The calculated sec-
tonal results Y, are shown in figure 5 for Fn
- 0.0675, 0.203, 0.15, 0.20 and 0.25 at the
considered evenkeel condition. In this figure
these results are compared with 'the linear
drift force coefficient v1n. because strip
theory calculations as applied above assume
linearity of the forces with respect to the
drift angle.

DISCUSSION OF RESULTS

General remarks

It should be 'emphasised that only forces and
no moments on the sections have been measured.
so that only an estimation of the longitudinal
distribution of these forces may be presented.
Especially at the ends of the model it is dif-
ficult to give such an estimation. For this
reason open ends are presented in the figures
showing the longitudinal distribution of the
drift forces. It may be expected that the
values at the' ends 'should be zero but up to
now it is unknown, how this zero value will be
achieved. Nevertheless an estimated distribu-
tion of the drift forces at the ends has been
determined to obtain some experimental values
for the drift force moment coefficient Ny.,
preented in table 4., for the shallow water
conditions as investigated in (5]. This table
4 clearly demonstrates the influence of water
depth on the drift forces and moments The
tell tales attached to the surface of the hull
showed also no disturbance at the stern, not
even at the highest drift angle and forward
speed. In this way it was not possible to es-
tablish separation phenomena. Further and more
detailed investigations are required in the
future.

Total model values

The linear drift force coefficient 'ln for
the whole model is almost independent of
forward speed. See figure 3. For trim by stern
and' the largest draught the. value of the
linear drift force coefficient is considerably
higher than for bow tr.im and smaller draught.
as to be expected. The cross flow drag .coef.-
ficient representing the influence of the non-
linear component of the drift force may gener-
ally be neglected for drift angles below 4

degrees. See. figure 4. Above this drift angle
of 4 degrees there is' in general a linear
increase of the cross flow drag coefficient
with the drift angle. For more shallow water
(h/T-2.4) this coefficient is much lower than
for deep water (hIT-i'S') while in general this
coefficient increases with speed reduction

1
- - m *

0.. 5pL3
(6)



The cross flow drag coefficient shows higher
values for bow trim and large draught than for
trim by stern and small draught. Related to
trim this effect is contrary to that for the
linear drift force coefficient. The total
drift force coefficient for the whole model is
almost independent of forward speed.
The linear increase with drift angle is for a
great deal due to cross flow. Figure 2 shows
that the linear increase of the total drift
force coefficient starts at fi - ±4 degrees
with the value of the linear dr-if.t force
coefficient. Experimental analyses of the
conditions considered here, resulted in the
following expression for the average value of
the total drift force coefficient:

(fl-0-4) + 0.51 (.p-4) ('9)

fl>4

in which 0.51 (-4) far fl>4 represents the
influence of the cross flow drag.

J.ongttudinal distribution,

For the design draught the distribution over
the model len,th of the linear drift force
coefficient Tvin shows little dependency on
forward speed. See figure 5. Only at sections
5;and 6 some variation with speed is shown
mainly because of wave influence due to speed.
For bo trim the linear forces of both forward
sections increase strongly while a longer
positive value over the last part of the model
has been shown. The condition trim by stern
shows a more equal distribution of higher neg-
ative values with in general little speed in-
fluence except for sectIon 6 which is probably
also due to wave generation at higher speed.
For large and, small draught respectively the
linear force component, increases or reduces
with draught. Also possible wave influence at
the highest speed has been shown at the sec-
tions 5 and 6. The calculated distribution, of
the jectional linear drift force for the even
keel condition with T - 0.129m is also shown
in figure 5. For the forward part of the model
the agreement between calculated and experi-
mental values is quite reasonable, For the most
forward section the average values of calcu-
lation' and experiment appeared to be almost e-
qual although the depicted distribution curves
differ considerably. However, one should keep
in mind that the experimental distribution has
been estimated from average values. For the
aft part of the model the difference between
experiment and calculation is significant, es-
pecially fo.r h/T - 2.4. The experimental dis-
tribution curve i's attaining negative values
at the back while the calculated distribution
increases to high positive values.ThIs differ-
ence might be caused by separation phenomena
although this has not been confirmed experi-
mentally with the tell tales. Looking from the
back at the experimental distribution of the
linear drift force it may established that

- somewhere at the af,t part a point is situated
where there is a balance between negative and
pOSitive' linear drift forces. This point is
estimated to be at section' 3 near ordinate 8.
If agreement between the calculated and exper-
imental distribution forward of ordinate 8 is
accepted, this ordinate may 'be considered as a
point up to which the integration of the cal-
culated linear driftforcedi-s tri'bution-may-be
carried Out for comparison with experimental
values. The results in table 4 show a rather
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good agreement between experimental and calcu-
lated values except for the lowest va'terdepth-
draught ratio h/T - 1.15. The longitudinal
distribution of the cross flow drag coeffi-
cient shows almost no influence because of
drift angle and may in general be neglected
for drift angles below 4 degrees as shown In
figure 8 and 9. The cross flow may also be
neglected for the design draught at 'both
lowest speeds below fi - 6 degrees and for the
three higher speeds below p - 4 degrees. For-
ward speed Influence is small for Fn - 0.15,
strong especially at the most forward section
for Fn - 0.20 and for Fn - 0.25 particularly
important on section 5. For bow trim the
values for cross flow are mostly dominant
negative for the s'ft part of the model while
at the highest speed strong variations' due to
wave generation are shown especially over the
sections 3, 4 and 5. See figure 9. Trim by
stern, shows clearly less influence of the
cross flow which is even almost negligible for
both forward sections. For the largest draught
it appears that the cross flow is dominant for
the aft part of the model while speed influ-
'ence is clearly shown at the sections 3 and 4.
The pmallas't draught condition demonstrates
little influence of cross flow for the lowest
speed and only for the aft part of the model
for drift angles above 12 degrees. For the
'highest speed the variation is remarkable for
the sections 4, 5 and 6 while the influence
for section 7 may be neglected. The l'ongitu-
dinal distribution of the total drift force
coefficient generally shows little influence
of the drift angle. See figure 6 and 7. The
value for the foremost segment is most signi-
ficant with respect to the even keel condi-
tions' and the bow trim condition. For trim by
ptern all sections experience an almost equal
contribution with increased values in negative
direction. For the largest draught both for-
ward sections show a strong increase of the
total drift force while the contributions from
after the second section are very small. There
is' also ,a slight increase of the total drift
force in the positive direction for the mid-
ship section. Strong reduction of the total
drift force Is show,n for the ma1l ,flraught
with almost no contribution after the midship
section.

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations
may be derived from this study:

In general the experiments indicate that
there is little forward speed influence on
the drift force components.

Related to drift angle it appeared that the
coefficients increase almost linearly with
this angle except the linear drift force
component which by definition remains inda-
pendant on dr'ift angle. Cross flow may be
neglected below a drift angle of about 4
degrees.

The total drift force coefficient and the
components increase with draught and trim
by stern with an exception for the cross
flow producing higher values at bow trim.

For more hal1ow water (h/T - 2.4) combined
with lower speeds the cross flow drag coef-
ficient decreases considerably.



With respect to the longitudinal distribu-
tion of the drift force coefficients it has
been shown that forward sections provide a
dominant nart of the drift forces except in
case of trim by stern when higher negative
drift force coefficients arise with a more
equal longitudinal distribution. For prose
flow there is an. increase on the aft part
of. the model at larger draughts and bow
trim. Speed influence by wave generation is
shown locally at the forward sections.

The calculated distribution of the linear
drift force coefficient shows a rather good
agreement with the experimental results for
the forward part of. the model. Integration
over 60 percent of the forward length of
this distribution curve, provides. useful re-
sults for the linear drift force and moment
in case of even keel condition in both deep
and shallow water. The shallow water influ-
ence becomes already significant at a water
depth draught ratio h'/T-5.

7.. More investigations should be carried out
to determine which accuracy of the hydrody-
namic derivatives is required to admit a
certain deviation in the manoeuvring track
to be predicted.

8. Especially at the ends the distribution of
the drift forces remains doubtful. For a
better estimation itis recommanded to use
a row of pressure transducers in longitudi-
nal direction at the ends.

9., In order to investigate flow separation
phenomena , more axtenèive research should
be performed especially at the aft part of
the model.
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Table 3b

Table 4

0. 0.3e00 0)l 0 0)10 .0.) 0)02) 0)18 0)200.
OilEDYNlIOaTIR I

C P0*01 CONP0000T OU000AIURO C0llP000T

Figure 1. Principle of mechaitcal osc:illator and electronic circuit.
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R10VE0

0'"00iAt0a

010000*10*'

Sect.
nr.

* - - U * 103/(,½pL2U)
h/T-
5000

hIT-
77

'hIT-
15

hIT-
5

h/T-
2.4 h/T-

1.5
h/T-
1.15

0 71.2 71.2 71.4 72.9 79.0 97.9 146.3
1 34.0' 34.0 34.1 35.4 40.6 56.2{ 99.6
2 1.3k 1.3 1.5 2.7' 8.21 25.7 80.3
3 7.5'" 7.5 7.8 9.,5t 17.1 41..7L 119.9
4 10.6 10.6L 10.8 12.81 21..6L' 50l 143.1,
5 11.9 12.0. 12.1 14.2 22.9 52.1 l53..7
6 1O6 10.6 10.8 12.4, 19.5 43.9 141.4;
7 7.2 7.2 72 8.3 1'2.8 28.3 87.8
8 3.4: 3.4. 3.4 3,.9' 6.0. 129' 22:.9
9 0.9.0.9 0.9 1.0 1.6 3.4 0:100' 0 o 0 0 0 0

1"l 0 0 0 0 0" 0 0

12 .1.6 -1.6 rI.6 '1.8 -2.7 -6.0 290
13 -4.1 -4.1 -4.1 -4.8 -7.5 -16.9 -36.3
14 -6.5 .6.5 -6.7 .7.8 -13.0 -30.5 -117.7
15 -7.3 -7.3 -7.5 -9.2 -16.6 -40.9 -129.2
16 -6.7 6..7 -6.9 .8.8 :17.4 .44.9 .135.5
17 -5.2 .5.2 -5.4 -7.4 -15.9 -43.6 -133.2
18 -3.4 -3.4 -3.,6 -5,..2 :12.4 -36.4 -115.7
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