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ABSTRACT ' : ' : Y _ drift force

Drift forces have been measured on a seven- a trim angle

segmented ship model for drift angles up to 20 (positive for bow down)

degrees at different forward speeds. These ex-

periments have been carried out. for three dif- g drift angle

ferent draughts and also at 3.4 degree bow and

stern trim for the design draught. For each P ' ) density of water

section the 1linear and mnon-linear part of the

drifet -force have been determined as well as \4 volume of .displacement of model

the cross flow drag coefficient to find the

longitudinal distribution of the coefficlents .
: ; related to speed and drift angle. Similar re- Subsecripts
o lations have also been determined for the

: whole ship model. It appeared that for evem D . drag
; : - keel and bow trim the forward sections con- : .
: tribute ‘the most dominant part of the drift In linear
! forces while for trim by stern higher drift
} : -forces: with a more equal distribution ‘along nl - non-linear
' the ship length are produced. Calculated wval- .
ues based on . strip theory, also taking into v o . derivatives a/av

account the influence of the bottom have been

compared with measured values derived from the

linear part of ‘the drift forces .and showed Superscripts
rather good agreement for the forward part of :

. the model. A practical calculation method for * asterix for value of segment
' o : determining the linear drift force coefficient : :

’ in combination with a cross flow drag esti- ’ ’ indication for sectional value;
‘mated from experiments, provides a .good ap- - . indication for non-dimensional
proximation of the total drift force coeffi- coefficient
cient. .

'NOMENCLATURE ' L ' ' INTRODUCTION

Awl _waterplane ‘area _ . As announced by dr. J.P. Hooft of MARIN at the
T - 18¢ch ITTC (1) the Ship Hydromechanics Labora-
B : - beai tory of the Delft University of Technology has

: ) ) on his instigation carried out a series of
Cp . .~ blockcoefficient

tests with a seven-segmented ship model to de-
S : termine ‘the 'distribution of the drift force
C‘  v : cross flow.drag coefficient and the cross flow drag over the length of the
- — ¢ i ' model.. Up to now only a few éxperiments have i
s "Jngp ' Fr?udernumber ‘ been reported with segmented models for the ;
8 ‘ + . acceleration due to gravity derivation of the local cross flow drag coef-
) : ficient; see (2) and [3). Recently Matsumoto
‘h " waterdepth and Suemitsu reported in (4] similar experi-
oo ' ’ .. ments with a ten-segmented ship model. They '
Lop length between perpendiculars’ showed an almest identical distribution of the
' . . . ' - . ’ crogs. flow drag coefficient over the ship's
Lyi1» L length on the waterline length as found in this study. Included here
’ are also the results of the static drift angle
1g . “length of section : o experiments carried out with the same above
) ’ . o mentioned seven-segmented model in different
m ’ added mass . ’ waterdepths as reported in [5) and referred to
: : in the proceedings of the 17th ITTC {6). These
N ) - drift force moment; experiments formed part of an investigation to
’ : potential damping coefficlent determine the longitudinal diastribution of low
o - . ’ frequency hydrodynamic derivatives for lateral
T - - draught, of model . ’ : motions in ishallow water. Another experimental :
, ' - . study on manoeuvring hydrodynamic forces in
.U forward speed ' shallow water was carried out by Hirano et al. )
v transverse speed - * Assoclate Professor
: : (poaftive to starboard) i
-1 -



[7). Force measurement tests by means of a PMM
vere performed with use of three kinds of ship
‘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 dérivatives on ship manoeuvring
in trimmed condition have also been investi-
gated by Inoue et 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 drifit. force for trim by stern
[10). To gain more insight in the dependency
of the drift. force to the longitudinal posi-
tion, drifc angle, forward speed, model trim

and sinkage, it was decided to carry out gta-

tical drift experiments with a seven- 'segmented
model varyilng. the mentioned parameters. This
total drift force was for each section divided
into a 1linear 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 drift force the cross flow drag
coefficient has been derived as well as the
longitudinal distribution of this coefficlent.
More detailed information about the experl-
ments only has been presented in [11]).
Strip theory calculations have been performed
for deep and shallow water. For the 1last
mentioned case use has been made of Keil'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 calculated values show the
influence of viscosity on the distribution of
"the hydrodynamic derivative iIin particular aft
of the midship section. Because of the separa-
"tion effects in this region the application of
strip methods remains questionable. Neverthe-
less, for this ship type an attempt has been
made to present a - rough estimate for the
determination of the 1linear 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 angie experiments have been

performed with the well known 2.3 meter model.

of the Todd Sixty Series.

. Table 1

Length between. .

perpendiculars LPP'L 2.258 m
Length on the waterline Lyl 2.296 m
Beam ) 0.322 m
Draught T 0.129 m
Volume of dlsplacement v . 0.0657m3
Blockcoefficient " . Cp 0.70
Waterplane area Ayl 0.572 m?
LCB forward of L/2 0.011 m
LCF aft of L/2 0.038 m

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 which was separa-
tely connected to a strong beam by means of a

All sections have for the design condition a
length 1lg = 0,323 meter except for the last
section nr.1 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 test conditions considered are summarized
in table 2.

Table 2
mrf T L a | PFn B h/T
m | m |deg. degrees '
1 |o.12942.295( o 0.0675|+2,4,6,8,10 2.4
: 0.103
) 0.15
2 lo.129}2.295| o 0.20 [+4,8,12,16,20(15
_ 0.25 !
3 {0.129(2.233{+3.4|0.15 |+4,8,12,16,20|15
jbow |0.25
rdown.
4 |0.129]2.314|-3.4]|0.15 |*4,8,12,16,20[15
bow [0.25
up
5 (0.159]2.320) 0o [|0.15 |+4,8,12,16,20]12
‘ : : 0.25 | 7
16 |o0.09912.216] o ‘8.%2 b4 ,8,12,16,20|20

Test condition nr.l1 has been considered with
former experiments and the results have been
reported In [5) and [6]). It has been taken
Into consideration again to complete the
variation of the conditions related to the
present study especlially 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 been 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:
y* Y
Yc-'——-'— ' (L
-Using v

in which U = the forward speed and v = -Using

The dimensionless coefficient for each segment
i3 expressed as: .

¥
b AN — A 2
v 0.5pL2U 2
‘which, upon substitution of (1), becomes
. ¥
v} 3)

: O.SpLzuzslnﬂ

This coefficient Y:' has. been determined for
all conditilons on the basis of a positive
drift angle being an average value of both the
positive 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 coefficlient have been estab:-
lished in a graphical way which yields:

w0 *! *
Yy = Yyin t Yynl (4)

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

v*
* nl (5)

strain gauge dynamometer. These dynamometers
measured horizontal forces perpendicular to
the longltudlnal centerline of the model only.

Cn_=
D=0 spLT v |v|

The coefficients for the whole modél as sum of
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the sectlonal ‘values are shown for 311 condl-
tions considered in figure 2 as Yv for the
total drift force, in figure 3 as len for the

linear component of the drift force and in
figure 4 as Cp for the cross flow drag.
‘The longltudlnal dlstrlbutlon of Y cln and

Cp is presented as Y vln and CD respectlve-
ly in the figures 5 9 for the denoted condi-

] tions. The horizontal drawn line denotes the
. average measured value of each segment. The
coefflclents Yv, v1n and CD are defined by:

’ * - y*!
- Y_V Y"l _.__VI“ ci) - C_[l
v v Iyvln ’
1g 1g 14
where is' = the length of the section under

consideration. A posslble continuous curve for
the coefficients Yv, Yyln and C has been
achieved in the figures 5-9 by taklng 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- transformatlon the sectional added
mass m and damping N' have been determined
for the even keel condition (nr.l1 and 2) at
the design draight. : . :
For manoeuvring frequencies approaching
value the influence of the potential damping
N’ may be neglected. What
damping is the derivative of the sectional
added mass in longitudinal direction muleti-
plied with the.forward speed. Viscous effects
are not taken into account up to now.To show
the influence of the bottom

' (6)
- -

dx 0.5pL2U

have been calculated for séct;nré.O-ZO in case

of the following waterdepth-draught ratio’s:

h/T = 5000, 77, 15, 5, 2.4, 1.5, 1.15

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=15 and
becomes significant at h/T=5. It should be
remarked. that Integration .over the ship's
length of : R -
. .Y"‘ . dm 1
v dx 0.5pL2

dellvefﬁ a zero value for

in case there 1is: no sectional area at the end
sections. Because of separation phenomena
after the midship section it 1is sometimes
proposed to integrate Y, from P to a certain
ordinate after midship. In this case the inte-
‘gration has been carried out up to ordinate 8.
This cholice depends on the experimental curve

for Y, which will be discussed later onT " Inte~
gration from Fpp up to ordinate 8 leads to

.For this

zero’

remains for the

‘coefficient

1 i (ord. 8)
" , m' (ord.
Yy = o ——s I dx = - ———— (D)
v 0.5pL2 42 0.5pL2
ord.8

and for the moment of the drift force

" Fpp L

Ny = J Yy, x dx (8)

ord.8

These calculated results, YG 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 [14]).

comparison the same waterdepth-
draught ratio's have been taken into conside-
ration as mentioned before. The results of
table 4 also show the significance of the bot-
tom influence onm h/T=5. The calculated sec-
ional results Y, are shown in figure 5 for Fn
- 0.0675, 0.103, 0.15, 0.20 .and 0.25 at the
considered evenkeel condition. In this figure

these results are compared with the 1linear
drift force coefficient Y,;,, 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 forcés and
no moments on the sectlons have been measured,
so that only an estimation of the longitudinal
distribution of these forces may be presented.
Especlally 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 1is 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 N, as
presented in table 4, for the shallow water
conditions as lnvestlgated 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 coefficlent Y,y, for
the whole model 1s almost {ndependent of
forward speed. See figure 3. For trim by stern
and the 1largest draught the. value of the
linear drift force coefficient is considerably
higher than for bow trim and smaller draught,
as to be expected. The cro ow ag coef.-
ficient representing the influence of the non-
linear component of the drift force may gener-

ally be neglected for drift angles below &
degrees. See figure 4. Above this drift angle
of 4 degrees there 1is 1in general a 1linear
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 (h/T—IS) while in géneral this

__speed__reduction.



The cross flow drag coefficient shows higher
valies 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
drife 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 g = 4 degrees
with the wvalue of the 1linear drift force
coefficient. Experimental analyses of the
conditions considered here, resulted in the
following expression for the average value of

" the total drift force coefficient:

Yy (8) = Yyin (B-0- 4) 4 0.51 (B-6) . (9)
p>4

in which 0.51 (ﬁ-ﬂ) fbr ﬁ>&i represents the
influence of the cross flow drag.

ud iy . : io

For the design draught the distribution over
the model length of the aar drift fore

coefficlent Y,), shows: licttle dependency on
forward speed. See figure 5. Only at sections
5.and 6 some variation with speed is shown
mainly because of wave infliilence due to speed.

For bovw 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. gsmall draught respectively the
linear force component iIncreases or redices
with draught. Also possible wave influence at
the highest speed has been shown at the sec-
tions 5 and 6. The galculated digtribution of
the gectional 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 {s significant, es-

" pecially for h/T = 2.4. The experimental dis-
tribution curve 1is 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 cthat

-somewhere at the aft part a point is situated
where there is a balance between negative and

"positive  linear drift forces. This
estimated to be at section 3 near ordinate 8.

"1f agreement between the calculated and axper-
imental distribution forward of ordinate 8 is
accepted, this ordinate may be considered as a
point up to which the integration of the cal-

‘dinal distribution of the tot

1. In general the

poin't is

good agreement between experimental and calcu-
lated values except for the lowest waterdepth-
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 draight at both
lowest speeds below f = 6 degrees and for the
three higher speeds below g = 4 degrees. For-
ward speed influence is small for Fn = 0.15,
strong especlially 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 aft 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 1influence 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 1s clearly shown at the sections 3 and 4.

The pmallegt 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. Fot the

‘highest speed the variation is remarkable for

the sections 4, 5 and 6 while the
for section 7 may be neglected.

influence
The longlitu-
drift force
coefficient pgenerally shows 1little 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 condl-
tions and the bow trim condition. For_trim by
stern 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

-1s also .a slight increase of the total drift

force in the positive direction for the mid-
ship section; Strong rediction o6f the total
drift force 1is shown for the

with almost no contribution after the midship
section.

CONCLUSIONS AND REC?HHENDATIONS

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

experiments indicate that

there is little forward speed influence on
the drift force

components.

2. 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 inde-
pendent on drift angle. Cross flow may be
neglected below a drift angle of about &
degrees.

3. The total drift force
components iIncrease

coefficient and the

with draught and grim

: with an exception for the cross
flow producing hlgher values at bow trim.

4., For more ghallow water (h/T = 2.4) combined
with lower speeds the cross flow drag coef-
ficlent decreases considerably,

culated—linear—drift—force—distribution may be
carried out for comparison with experimental
values. The results in table 4 show a rather

-4 -



5. With respect to the longitudinal distribu-
tiop of the drift force coefficients it has
-been shown that forward gsections provide a
g_mjngn__gg;_ 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 gross
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.

6. The calculated distribution of the Jlinear
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 cutrve provides useful re-
sults for the linear drift force and moment
in case of even keel condition in both deep
and gshallow 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 1s required to admit a
certain deviation in the mandeuvring track
to be predlcted

8. Espectally at the -ends the distiibution of
the drift forces remains doubtful. For a
better estimation it is recommanded to use

a rov of pressure transducers in longitudi-

nal direction at the ends.

9. In order to InVestlgate flow separation

"phenomena , more extensive research should
be performed especlally at the aft part of
Vthe model

REFERENCES

[1 ] Hooft, J.P., Discussion MN-3, 18th ITTC,

volume 2, 1988, Kobe Japan, pp. 181-191. -

[2 ] Clarke, D.,A two-dimensional strip method

for surface ship hull derivatives: Compa-

rison of theory with experiments on a
segmented model, Journal of Mechanical
Engineering Scilence, Vol,l4, Nr.7, 1972,

[3:] Burcher, R.K., Developments in ship ma-
noeuvrability, Transactions RINA, volume
114, 1972. ‘

- [4 ] Matsumoto, Norihiro and Suemitsu Keyl,

Hydrodynamic force acting on a hull in.

manoeuvring motion, Journal of the Kansail
. Soc. of Naval Arch., Japan, No.190, 1983

[5 ] Beukelman, W. and Gerritsma, J.,The long-
itudinal distribution of 1low frequency
hydrodynamic derivatives for lateral mo-
‘tions 1Iin shallow water; Ship Hydrome-
chanics Laboratory, Delft University of
‘Technology, Report No.562A, September '83

16 7 Beﬁkelman, W., On sway damping and added

(91

[10]

(11]

(2]

(3]

(14]

Inoue Shosuke, Kyima Katsuro and Moriyama
Fumio, Presumption of hydrodynamic deri-
vatives on ship manoeuvring iIn trimmed
condition, Transactions of the West-Japan
Soclety of Naval Architects, No.55, 1978

Inoue Shosuke, Hirano Masayoshi and Kyima
Katsuro, Hydrodynamic derivatives on ship
manoeuvring, International Shipbuilding
Progress, Vol.28, No.321, May 1981,

Gerritsma, J., Hydrodynamic derivatives
as a function of draught and ship speed,
Ship Hydromechanics Laboratory, Delfte
University of Technology, Report No.477,
January 1979,

Beukelman, W., Longitudinal distribution
of drift forces for a ship model, Ship

- Hydromechanics Laboratory, Delft Univer-

sity of Technology, Report No.810, Decem-
ber 1988.

Keil, H., Die hydrodynamische krafte bel
der periodischen Bewegung zweidimensiona-
ler Korper an der Oberfldche flacher ge-
wasser, Institut fir Schiffbau der Uni-
versitat Hamburg, Bericht no.305, Februar
1974,

Norrbin, N.H., Theory and observations on
the use of a mathematical model for ship
manoeuvring in deep and confined waters,
The Swedish State Shipbuilding Experimen-
tal Tank, Goteburg Sweden, Publication 68
1971.

Inoue Shosuke,The determination of trans-
verse hydrodynamic non-linear forces by
means of steady turning, 1llth ITTC,Tokyo,

. 1966, pp.542.

mass Iin shallow water, 17th ITTC, Volime
2, 1984, Goteburg Sweden, pp. 188

] Hirano Masayoshi, Takashina Junshi,
Moriya Shuko and Nakamura Yoshiaki, An
‘experimental study on manoeuvring hydro-
dynamic forces in shallow water, Trans-
actions of the West-Japan Soclety of
Naval Architects, No.69, March 1985.

Table 3a
iSect. Y3 % 103 = - m' f(hpl3) * 103

"re | Bg8s | MT| MY AT VAT | WS
0 |[-0. |-0.2}-0.2]|-0.2]|-0.2|-0.2 |[-0.3

1 {-3.7]-3.7|-3.7|-3.8{-4.1|-5.0 [-7.6

2 |-3.6]-3.6[-3.6]|-3.7|-4.2[-5.8 [-10.2
3 [-3.9]-3.9|-3.9]-4.1]-4.9|-7.6 |-15.6
4 |-4.3|-4.3]|-4.4]-4.6]|-5.9]-9.9 |-22.2
5 |-4.9|-4.9[-4.9]-5.3]-7.1]-12.5 [-29.2
6 |-5.5|-5.5|-5.5|-6.0]-8.2{-15.0 |-37.6
7 [-5.9|-6.0|-6.0{-6.6]-9.0|-16.8 |-44.0
8 |[-6.2{-6.2|-6.3|-6.8[-9.4]-17.8 |-46.3
9 |-6.3[-6.3]-6.4|-6.9]-9.6}-18.1 |-46.3
10 }-6.3|-6.3|-6.4|-6.9|-9.6]-18.1 [-46.3 .
11 [-6.3]-6.3]|-6.4]-6.9]-9.6]-18.1 [-46.3
12 |-6.3]|-6.3)-6.4]-6.9]-9.6]|-18.1 |-46.3
13 [-6.1]-6.1]-6.2]-6.8]-9.3]-17.5 |-48.1
14 [-5.9]-5.9(-5.9{-6.5]|-8.8[-16.5 |-42.7
15 [-5.5|-5.5]-5.5[-6.0[-8.0f-14.5 |-36.3
16 |-5.2[-5.2|-5.2]-5.6]-7.2|-12.4 |-29.8
17 |-4.8[-4.8]|-4.9]-5.1|-6.3]-10.1 |-22.8
18 |-4.6|-4.6[-4.7]-4.8]-5.6]-8.2 [-16.5
19 |-4.5}-4.5|-4.5}-4.6|-5.1]-6.6 [-11.2
20—|—o0 0|0 0 o_| o _0
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Table 3b

Sect. Yy # 103 - - v 428 » 103/ (u,oL2u)
e (8688 [P M3 M| BT | VA Vs
0 71.2] 71.2) 71.4] 72.9] 79.0] 97.9] 146.3
1 34.0) 34.0| 34.1] 35.4] 4o0.6] s56.2] 99.6
2 1.3 a3y ws| 2w 8.2 25.7] 80.3
3 ] 7.5 7.5 7.8 9.5 17.1] 4.7 119.9
4 10.6) 10.6/ 10.8| 12.8f 21.6] s0.1] 143.1
5 11.9] 12,0 12.1] 14.2) 22.9] s52.1] 153.7
6 | 1o.6f 10.6| 10.8]| 12.4] 19.5| 43.9| 1414
A7 pore2l 7.2 7.2f 8.3 r2.8| 28.3] e7.8
I & | 3.4] 3.4 3.,4] 3.9 e.0] 12.9] 22.9]
9 | o.9]. 0.9 0.9 1.0 1.6 3.6 0
10 0 o | o | o | o [} [
1o o 0 0 0 o 0
12 |[--1.6] -1.6] -1.6| -1.8] -2.7] -6.0] 29.0
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Figure 8. Longitudinal distribution of the cross flow drag coefficient Cp.
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Figure 9. Longitudinal distribution of the cross flow drag coefficient Cp.

Po=0,25 T=0.129a a=~3.49 h/T=15

+.15

g= 200

T

g = 160

'

g = 120

/|/

-8 = 40

section| 1

‘op

Pa=0.25 T=0.099a a=0"

44

h/T=20

+.15

g= 200

N

18 = 160

A

18 = 120

18 = 40

secticn

‘op

Fpp



