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SUMMARY

The results of free-stream wind tunnel experiments on semi-

balanced skeg rudders are presented.

The tests on these rudders are an extension to earlier tests
on a parent skeg rudder, which were the subject of a separate report,
and complete a series of tests on three skeg rudders having taper

ratios of 0.59, 0.80 and 1.00.

' The experiments establish a better understanding of the working
and performance of semi-balanced skeg rudders, and provide design data.
Results are presented as lift and drag coefficients and centre of pressure
for the rudder plus skeg combinations, for the rudders alone and skegs
alone; complete ranges of rudder angles of attack were tested for selected

positive and negative angles of attack on the skegs,

Supplementary tests were carried out to determine the influences
of Reynolds No,, the size of the gap between rudder and tunnel floor, the
transition strip and the effect of sealing.the gap between rudder and

skeg.

In oxder to provide bases for comparison, the all-movable cases
were simulated for each rudder by sealing the gap between rudder and
skeg and vafying the angles of attack on rudder and skeg simultaneously.
The results for the all-movable cases compare very satisfactorily with

existing published data.

The results for the skeg rudders show that wi#h increasing angle
of attack, discontinuities occur in the growth of 1lift together with
a large movement of centre of pressure. Sealing the gap between rudder
and skeg was seen to lead to a significant improvement in the lift
developed at higher rudder angles of attack. The results for the three
skeg rudders are compared, and the flow breakdown accounting for the

discontinuities in the skeg rudder characteristics is discussed.
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1. INTRODUCTION

The need for free-stream experiments on skeqg rudders was outlined
in Ref, 1. In that Report the reasons for the choice of the principal
characteristics of a projected series of three skeg rudders was outlined,
and the results of tests on the first of the three rudders (designated

Rudder No 1 in this Report) were described and discussed,

Further wind tunnel experiments have been carried out on Rudder No 1
and tests completed on Rudder Nes 2 and 3. This Report presents the results
of these experiments, Data on Rudder No 1, from the earlier tests reported
on in Ref. 1, have also been included as necessary for the purpose of
making comparisons between the three rudders; for this reason, the principal

design particulars of Rudder No. 1 are repeated in this Report,

Rudder Nos 2 and 3 are similar to Rudder No 1 in all respects except
for taper ratio and sweep. The taper ratio " of 0.59 for Rudder No 1 was
-increased to 0.80 and 1.00 for Rudder Nos 2 and 3 respectively, Since
sweep is closely related to skeg and balance area ratios, an increase in
sweep for Rudder Nos 2 and 3 was a necessary design feature in order to

maintain the same skeg characteristiecs.

The further tests on Rudder No 1 were carried out to investigate
the influences of Reynolds No, the size of the gap between the rudder and the
tunnel floor, the transition strip and the effect of sealing the gap

between rudder and skeq.

The tests on Rudder Nos. 2 and 3 took the relatively routine form

of those carried out earlier on Rudder No 1 and reported in Ref, 1,



2. DESCRIPTION OF MODELS

The models were laminated from jelutong with a mean geometric
chord ¢ of approximately 450 mm. This value was chosen as being the largest
size possible commensurate with acceptable limits on corrections due to ;

wall effects.

The principal design characteristics of Rudder Nos 2 and 3, together
with those for Rudder No 1 which are brought forward from Ref. 1, are

as follows :

. .Rudder Number , 1 27 3
Mean Chord ¢ mm 457 450 452
Span S mm 680 675 675
Geometric Aspect Ratic ARg 1.49 1,50 1.49
Taper Ratio ©T/c, 0.59 0.80 1.00
Thickness / Chord Ratio t/c 0,20 0.20 0,20
Section N.A.C.A. 0020 Root and Tip with square tips
Skeg Depth / Span 0.5 0.5 0.5
Skeg Area Ratioc 20,.5% 20.5% 21%
Balance Area Ratio 19% 19% 20%
Horizontal and Vertical Gaps 4 mm 4 mm 4 mm

For each rudder, the overall N.A,.C.A. 0020 section shape was
maintained in way of the skeg for the rudder plus skeg combination; the
nose radius of the porticn of movable rudder behind the:skeg was approx-
imately one-half the local section thickness at the centreline of stock.

Further particulars of the rudders are given in Fig. 1.

Leading edge roughness (a turbulence strip) was applied to both
sides of the rudders, and consisted of 0.0059 in Diameter carborundum
grit (No 100) spread evenly over double-sided adhesive tape of 10 mm width;
the leading edge of the roughness strip was located 5% aft of the leading
edge of the chord.



3. APPARATUS AND TESTS

The tests were carried out in the 7' x 5°' low~speed wind tunnel

at Southampton University, Ref. 2,

The rudders were mounted through the tunnel floor and, for all
the basic tests the gap between the rudder and the floor was approximately
2,5 mm (0.0055 ¢). Additional tests were carried out on Rudder No 1

with gaps of 1.5 mm, 5 mm and 12 rm.

Force and moment measurements were made using the strain-gauge dyna-
mometer described in Ref. 3; this dynamometer is capable of the measurement
of five components leading to the deviation of lift, drag and centre of
pressure chordwise and spanwise, can measure the rudder and skeg forces
either separately or combined and allows independent adjustment of angle
of attack for both rudder and skeg about a common axis. The accuracy
of the dynamometer is within *+ 1.2% for torque and within + 0.4% for the

remaining components.

Photographs of Rudder No 1 in the wind tunnel were given in

Ref. 1.

The tests for each rudder were carried out in the ahead condition
for variation in the rudder angle of attack &7 in 2%° increments, over a
range of angles up to stall; this range of tests was carried out for fixed

values of skeg angle B of approximately Oo, * 50, ¥ lOP and * 150.

All the basic tests were carried out at a nominal Reynelds Number of
1.2 x 106. In order to determine the influence of Reynolds Number, extra
tests were carried out with Rudder No 1 at nominal Reynolds Numbers of

1.0 % 10°%, 0.9 x 10% and 0.5 x 1P,

Further tests were carried out on rudder No 1 (atiB = 0.250) with
the leading edge roughness removed for both the rudder plus skeg and rudder

alone conditions.

The influence of gap flow, discussed in Ref. 1, was investigated further
by sealing with plasticine all the gaps between the rudder and skeg for
Rudder No I for a fixed skeg angle and various rudder angles. Further
miscellaneous gap experiments were carried out including the sealing of
the horizontal gap only and the sealing of the low and highTpressure sides

separately,

Tuft studies were carried out for Rudder No 3 in order to observe

the flow over the rudder; white wool tufts, approximately 25 mm long, were
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attached to the rudder with clear adhesive tape and sketches made of the
orientation of the tufts for both sides of the rudder at various angles
of attack. Leading edge roughness, as for the force measurements,

was applied for the tuft studies.

In order to provide data for comparison with the skeg rudders, and
to provide comparisons with existing published all-movable data, tests
were carried out on simulated all-movable ruddercs of the same-dimensions
as the rudder plus skeqg combinations; this was achieved for each rudder
by sealing the gaps between the rudder and skeg with plasticine and black
adhesive tape, and varying the angles of attack of rudder and skeq
simultanecusly. The simulated all-movable condition was repeated for
Rudder No 1 with the gaps between rudder and skeg left open. Leading

edge roughness was applied for these simulated all-movable cases.



4, DATA REDUCTION ARND CORRECTIONS

A computer program, Ref, 4, was used toc provide the final data
in coefficient form; the program incorporates the dynamometer five-
component interaction matrix and correction formulae, the resolution of
forces and moments from instrument axes to stream axes as necessary,

and includes corrections for wind tunnel boundary effects.
h)
The raw - data was zero corrected before insertion in the analysis

program; a cross plot of zero-corrected raw data yielded the anqular
misalignment in the rig which "amounted to 0.20° and this correction

was applied to all measured angles before insertion in the program,

Tunnel boundary corrections were applied as described in Ref, 5
and outlined in Ref, 4 and amounted to corrections due to s&lid blocking,
streamline curvature and downwash. The net corrections for the three

rudders are summarised as follows :-

CLe = ©0.9956 Cp

ac = % + 0.7710 CLC Rudder No 1
2

CDC = 00,9956 CDu + 0.0110 CLC

C. = '_Q;‘fé?a"s:g\:cLu

e T %y + 0.7512 Crc Rudder No 2
2

Cpe = 0.9956 Cp_ + 0.0107 Cp |

= . C
CLC 0.9956 Ly
a = a + 00,7552 CLC Rudder No 3
c u

2

Cpe = 0.9956 Cp + 0.0108 Cr

Where suffixes 'u' and 'c¢' indicate the uncorrectedjand corrected values
respectively.

The boundary correction to rudder angle a is not applied to the
skeg angle B; this correction varies typically from zerc up to about 0.7°
at maximum rudder angle and, without cross-fairing, its application would
not allow direct comparison between results for different fixed vliaues of

B for variations in rudder angle.
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5. PRESENTATION OF DATA

The notation of the angles and coefficients used in the presentation is

given in Fig. 2,

The results of the tests are tabulated in non-dimensicnal form in
Appendix Al and are presented graphically in Figs., 3 to 10, These plots
show force coefficients, centre of pressure chordwise (as a percentage of
mean chord from leading edge) and centre of pressure spanwise (as a
percentage of span from root) versus angle of attack. In the test results
the total area of rudder plus skeg is also used in deriving the force
coefficients for rudder alon§}and skeg, along ; this allows direct comparisons
to be made between the absolute forces on the rudder, skeé and rudder

plus skegq.

Fig. 3 shows the results for the all-movable rudders plotted to a base

of @, the rudder angle relative to the wind.

Figs. 4, 5, 6 and 7 show the results of tests on Rudder No 1 to determine
the influences of Reynolds number,:rudder root gap, the transition strip and

sealing the gaps between rudder and skeq.

In Figs., 8a to Bg the results for Rudder No 2 for both rudder plus
skeg and rudder along are plotted to a base of gy the angle of rudder

relative to.wind, for various fixed values of skeg angle R.

In Figs. 9a to 9g the results for Rudder No 3 for both rudder plus
skeg and rudder along are plotted to a base of o, the angle of rudder

relative to wind, for various fixed values of skeg angle 8.

Fig. 10 compares the force ccefficients and centre of pressure

location at skeg angle B = -0.25° for the three skeg rudders,



6. DISCUSSION OF RESULTS

6.1 All-movable Rudders : Rudder Nos 1, 2 and 3 :

The results for the simulated all-movable rudders are shown in
Fig., 3. The results for Rudder No ! are for repeat experiments and,
except near stall, show insignificant differences compared with the
earlier results presented in Ref. 1; the maximum 1ift coefficient has
increased from 0,91 to 0.95 and the drag coefficient at stall has
decreased from about ©0.17 to 0.14. When compared with other published
data, however, these changes tend to lead to slightly better agreement
than that reported in Ref, 1 for the original tests.

It is seen from Fig. 3 that there are no significant differences
between the lift and drag characteristics for all three rudders.
Published free stream experiments on all-movable control surfaces would
suggest that as taper ratio is increased, small increases in maximum
lift and stall angle would be expected. The present experiments do not

substantiate this trend.

No significant differences were observed between the three rudders
for chordwise centre of pressure, CPE% The spanwise centre of pressure,
CPg, is seen to move about 1% S to 2% S down the rudder as taper ratio
is increased from 0,59 (Rudder 1) up to 1.00 (Rudder 3), and this is in
general agreement with existing published data.

Also included in Fig. 3 is the case of Rudder No 1 (All-Movable) with
the gaps between rudder and skeg left open., It is interesting to
note that the decrease in lift and increase in drag is relatively small

compared with the gaps sealed condition.

6.2 Skeg Rudder Characteristics : Rudder No 1 :
6.2.1 Reynolds Number,

Fig, 4 illustrates the influence of Reynold's Number for Rudder
No 1. These results form an extension of, and are in agreement with,

the limited tests carried out earlier and reported in Ref. 1.

As would be expected there is no significant change in the 1ift curve
in R ' Rn. o i sed
slope with change in Reynold's number Rn CLmax and STALL are increa
by small amounts as Rn is increased, which follows expected trends.
It is seen, however, that the reduction in lift curve slope at
a = 10° to 15° occurs at lower angles of attack as Rn is increased., There .

is a significant change as Rn is increased from 0.52 x 106 up te 0,90 x 106,
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but the differences become very small as Rn is further increased up to
1£?§‘x 106. These results are important in that they show that the data
obtained at Rn = 1.1 to 1.2 x 106 (the maximum Rn attainable, and used

for the majority of the basic test work) should be free from any significant

Reynold's number effect.

The possible significance of the result at low Rn, is considered

further in the discussion on gap flow and separation effects in Section 6.5.
i -""\7’

6.2,2 .Rudder Root Gap :

Fig. 5 shows the influence of wvarying the gap size between rudder
and tunnel floor for Rudder No 1. The differences in results between the

smallest gap (1.5 mm) and the largest gap {12 mm) are small,

Az gap is increased from 1.5 mm there is a small decrease in lift
curve slope up to a rudder angle of attack of about 100. Above 10? there
is no simple relationship between gap size and lift. At 25° the lift
coefficient for the 5 mm gap is relatively high and there is nokimmediate
explanation for this., Variations in floor gap flow are likely to have
accounted for the small changes in 1ift above 100, and maximum lift

recorded, for the different gap sizes.

It is felt that no specific conclusions can be drawn from these tests
on gap size. The results do however indicate that small departures from
the required nominal 255 mm gap, when setting up the experimental rig for

the basic test work, will not be of significance.

A useful extension to these tests would be to increase the floor
gap size to significantly larger values, say up to 50 mm, in order to

simulate typical full scale working situations.

6.2.3 Transition Strip :

Fig., 6 illustrates the influence of the removal of the transition
strip for Rudder No 1. The results for the rudder plus skeg condition are

in general agreement with those obtainedfearlier and reported in Ref. 1.

The earlier experiments were extended to include the rudder alone
case without transition strip. For the rudder alore’ it is seen that the
attractive force between the rudder and skeg causing the "negative”
drag is larger than when the transition strip is fitted; also,‘the
attractive force would appear to be present for much largér angles of
attack. This result is consistent with the tentative conclusions drawn

in Ref. 1 concerning the relative influences of laminar and turbulent

-8 -



flow qn gap flow and separation effects.

The new position of the centre of pressure with the transition
strip removed is consistent with the delayed separation aft of the skeg

and subsequent new distribution of lift over the rudder.

6.2.4 Sealed Gaps :

The influence of sealing all the gaps between the skeg and
movable part of the rudder, for Rudder No 1, are shown in Figs. 7a

and 7b.

Fig} 7a, for B = —5.250, illustrates how the sealed gaps delay
separation in the region o = 10° to 15° with consequent increase in
1ift ‘and decrease in drag. Decrease in Reynolds Number further delays
the onset of separation. For the higher Reynolds Numbers it is noted
that after separation has developed aft of the skeg the lift curve
begins to rise again. Similar trends were observed for the B= —0.25o

case, Fig. 7b.

Fig. 7b also shows the results of sealing the vertical gaps
on the high and low pressure sides independently. With the low pressure
side alone sealed the lift developed is only a little less than with all
gaps sealed, and for the high pressure side gap. sealed independently there

is only a small further loss in lift.

Rudder No 1 was also tested for B = -0.25° with the horizontal

gap alone sealed on the high pressuré side, and the results are tabulated

in Appendix A.l. Inspection of this data for the horizontal gap sealed
condition reveals no significant change in performance characteristics
compared with the "all-gaps-open" case. Similarly, tests with a simulated
lower pintle between rudder and skeg (by means of plasticine), data for which
. are tabulated in Appendix A.l, reveal insignificant changes compared withall
the other rudder tests in which, for ease of manufacture and satisfactory

testing, the pintle was not included.

6.3 Skeg Rudder Characteristics
6.3.1 Basic Test Results : Rudder No 1

The results of the basic tests on skeg rudder No 1 were presented

and fully discussed in Ref. 1.

The discussicn drew attention to the discontinuity in the lift
and drag curves as separation developed aft of the skeg and the relatively
large movement of the centre of pressure compared with the all-movable

rudder.



6.3.2 Basic Test Results : Rudder No 2

The lift, drag and centre of pressure characteristics for
Rudder No 2 for skeg angles varying from —15.25Q to +14.75O are shown

in Figs. Ba to 8g.

The characteristics show very similar trends to those for Rudder

No 1 which were discussed in some detail in Ref. 1.

There is a discontinuity in the rate of increase of 1lift and
drag for both the rudder plus skeg and rudder alone conditions. These
discontinuities take place approximately at the completion of early
separation of the portion of movable rudder behind the skeg, and are
more proncunced as negative angle of attack on the skeg is increased.
The relatively large movements of the centre of pressure observed for
Rudder No 2 were of a similar magnitude to those recorded for Rudder

No 1.
6.3.3 Basic Test Results : Rudder No 3

The lift, drag and centre of pressure characteristics for Rudder
No 3 for skeg angles varying from -15.25° to +14.75° are shown in

Figs. 9a to 9g.

The characteristics show very similar trends to those for Rudder
No 1 discussed in some detail in Ref. 1 and Rudder No 2 which were discussed

briefly in the last section.
6.3.4 Visual Flow Studies : Rudder No 3

The flow studies for B = o° and variation in rudder angle ¢ were
recorded by means of sketches. The flow characteristics generally showed
similar trends to those recorded by photographs for Rudder No 1 and
presented in Ref. 1, hence it was. not felt necessary to present the
sketches of the flow for Rudder No 3 in this report. The following
general observations on the flow characteristics for Rudder No 3 are

however given.

On the back (low pressure) side, separation behind the skeg
commenced between § = 3° and 50, being located initially aft of the
pintle position. By ¢ = 10° a large area behind the skeg had separated
and byflSO complete reveréal of the tufts (and hence separation) had
ocurred behind the skeg. With further increase in angle of attack
separation commenced on, and moved over, the:upper 'all-movable' portion
of the rudder until at 6§ = 350 complete separation on the low pressure side

had ocurred.
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On the face (high pressure) side reversal of cne tuft into the
vertical gap at § = 5° indicated the start of a strong gap flow; by
§ = 10° most of the tufts were reversed into the gap. This complete
reversal into the gap ocurred at a much lower angle than that recorded

" for Rudder No 1.

6.4 Comparison Between the Three Skeg Rudders :

The characteristics for the three skeg rudders, for B = —0.25O

are given in Fig. 1l0O.

The lift curves for the rudder plus skeg combinations are similar
up to a rudder angle of atack of about 100. Above 10° - 15° as taper
ratioc is increased from 0.59 (Rudder ﬁo 1) to 0.80 (Rudder Neo 2} and
then up to 1.00 (Rudder No 3) there is an improvement in the lift developed.
This would be expected since_increasing taper raticihas the effect of
removing area from the less efficient part of the movable ruddef aft of

the skeg to the more efficient 'all-movable' part of the rudder.

The 1ift for rudder alone for Rudder Nos. 2 and 3 is seen to be
less thaﬁfRudder No 1 in the range o = 7%0 to 15°. whilst the lift for
Rudder No 3 above 15o is a little larger than Rudder No 1, the lift for
Rudder No 2 is less than for Rudder No 1 throughout the whole range. This
suggests that separation occcurs earlier and is more pronounced for both

Rudder Nos 2 and 3.

Similarly for drag, whilst the values.for the rudder plus skeg

combinations are of the same order of magnitude, for the rudder alone cases

the.drag for~Rudder,No., 3;15 lower,,andvthat for— Rudder“Nd?Zr51gn1f1cantizj
‘lower,than*that~for "RUAdEr NG~ Ii' * The’ larger P e -
differences in drag between the rudder alone.and rudder plus skeg cases

for Rudder Nos 2 and 3 compared with Rudder No 1 are also present for the

positive angles of attack on the skeg shown in Figs. 8e to 8g and %e to 9g.

These differences are due, in part, to the attractive force between
the movable rudder and skeg as discussed in Ref. 1. Comparison between
tHe three rudders suggests that the gap flows are dissimilar resulting in
possible modification to the pressure distributions which in turn could

influence the magnitude of the attractive forces.

The results in Fig. 10 for the centre of pressure position also
show an irregularity in going from Rudder No 1 to Rudder No 3. Whilst
the chordwise centre of pressure CPgz for Rudder No 2 is approximately
the same as Rudder No 1 and has moved aft for Rudder No 3, which would be
expected for increase in taper ratio, the spanwise centre of pressure

- 11 -



is seen to move towards the tip of the rudder more for Rudder No 2 than
Rudder No 3.

The general pattern of differences in lift, drag and centre of
pressure characteristics between the three rudders for B = —0.250 in

Fig. 10 was repeated for the other skeg angles tested.

;t is evident that separation is dependent on gap flow and that
gap flow is likely to be sensitive to the geometry of the gap and the
lips of the skeg at the entry / exit of .the gap. It is concluded from
the ddta available at present that the relatively small manufacturing
differences which existed between the skegs and gaps of the rudders
tested were probably responsible for some of the differences recorded

between the rudder alone characteristics for the three rudders.

6.5 Separation and Gap Effects :

Discontinuities in the lift and drag curves, illustrated in
Figs., 8a to g and 9a to g are evidently due to early separation behind

the skeg.

Flow through the vertical gap from high pressure side to low
pressure side is evident from the visual studies described in Ref. 1 for
Rudder No 1 and in Section 6.3.4 of this Report for Rudder No 3. The
visual studies also indicated that this gap flow was associated with
early separation behind the skeg. Whilst slots have been successfully
used for the boundary layer control of flapped aircraft control surfaces,
such slots are usually asymmetric. It is aiso a well tested and documented
fact that, unless very carefully designed, the flow through the slot
(gap) is likely to stimulate rather than suppress flow breakaway over
the flap. It has generally been found for aircraft plain flaps
{analogous to the skeg rudders under discussioﬁ) that the gap
precipitates the stalling of the flap, the presence of a gap allowing
a flow of air over the nose of the flap which tends to redice the pressure
peaks that exist at the hinge axis when the gap is sealed; hence the
early separation aft of the skeg observed on these skeg rudders follows
expected trends. It was also observed that teéts on the all-movable
rudder- (without flap hinge axis pressure peaks) with all gaps open
{(Section 6.1 and Fig. 3) showed no discontinuities in the performance
characteristics, and changes in 1lift and drag were relatively small

compared with the all-movable gaps sealed condition.

Tests on skeg Rudder No 1 with only the horizontal gap=sealed

had very little influence on the performance characteristics wheréésfSealipg
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the vertical gap alone led to a significant improvement in performance up

to the stall angle.

The results for the high or low pressure sides of the vertical
gap sealed independently are shown in Fig. 7b. and were discussed in
Section 6.2.4. In each case the lift developed is only a little lower
than for all gaps sealed, and is significantly higher than for all gaps
open, although the sealed gaps had little influence on the maximum
1ift attained. This result is important in that it follows that any form
of seal in the vertical gap is likely to lead to a significant improvement
in the 1ift developed by skeg rudders between rudder angles of attack
of about 7%° and stall angle.

The results for the high pressure side alone sealed alsc indicate
that, whilst the gap flow from high pressure to low pressure side is a
contributory cause in the development of separation, the discontinuity on
the surface on the low pressure side in way of the gap does not appear

to have a marked influence.

The tuft studies described in Section 6.3.4 indicated earliex gap
flow for Rudder No 3 than for Rudder No 1. This result, which confirms
the measured differences in the rudder alone characteristics between the
three rudders indicates that the gap flow (e.g. ability of fluid on-high
pressure side to turn into gap) is very sensitive to gap and skeg lip

geometry which did vary by small amounts between the three rudders.

The results shown in Fig. 6 for Rudder No 1 at B = ~O.25° without
the transition strip are similar to those recorded earlier and discussed
in Ref. 1, Namely, extended laminar flow is likely without the use of
roughness and, with the thin turbulent boundary layer which then develops
downstream, separation is likely to be delayed. The delayed separation
observed for Rudder No 1 with transition strip but at the low Reynold's
Number of 0.52 x 106 (Fig. 4 and Section 6.2.1) is likely to have
ocurred due to a similar extension of the laminar flow. Further, the
reduced momentum in the laminar boundary layer in the case of the tests
without transition strip, or the extended laminar boundary layer for the

reduced Reynold's Number case, is less capable of promoting gap flow.

It is to be noted that whilst the tests without transition strip
and at low Reynold's Number help to provide an understanding of the
operation of the skeg rudder, the Reynold's Numbers for ships (even
at low speed) and the turbulent nature of the water in way of rudder

are likely to lead to turbulent flow in all realistic full scale cases.
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7. CONCLUSIONS AND RECOMMENDATIONS

7.1 All-Movable Rudders :

Only small differences were recorded between the three simulated
all-movable rudders of different taper ratio. The principal change was
in the spanwise centre of pressure which moved towards the tip of the
rudder a small amount (up to 2% of the span) with increasing taper ratio.
This effect should be given consideration when calculating the bending

moments on all-movable (spade) rudders.

7.2 Variations in Reynold's Number

Above a Reynold's Number of about 1.0 x 106 no significant changes
in rudder characteristics up to stall were observed. This confirms the
findings of other published work on the free stream characteristics of lifting
surfaces. ©Some increase in aSTALL and Cymax would be expected with further

increase in Reynold's Number, but the test facilities used for the present

work limited the maximum Reynold's Number to about 1.2 x 106.

7.3 Rudder Root Gap :

The majority of tests were carried ocut with a nominal root gap
of 2.5 mm (0.0055 ¢). Variation in gap size between 1.5 mm and 12 mm
had a very small influence on the skeg rudder characteristics. Itsmay
be concluded that any small errors in setting up the nominal 2.5 mm

root gap are likely to have no significant effect on the basic characteristics.

A useful extension to the tests would be to increase the floor gap
size in way of the movable part of the rudder to significantly larger
values, say up to 50 mm, in corder to simulate typical full scale working

situations.

7.4 General Skeg Rudder Characteristics :

The general conclusions for Rudder No 1 given in Ref. 1 can
similarly be applied to Rudder Nos 2 and 3. The skeg rudder displays
a characteristic discontinuity in the growth of 1lift with increasing
angle of attack, the discontinuity being caused by the build up of
separation leading to the early stall of the movable part of the rudder
behind the skeg. Whilst the maximum lift coefficient developed by the
skeg rudder is only a little lower than the equivalent all-movable

rudder, its rate of increase of 1ift for increasing angle of attack is

-~ 14 -



considerably less, and the movement of its centre of pressure is much
larger. For the same developed lift, the skeg rudder has much higher
drag than the equivalent all-movable rudder.

7.5 Gap Flow :

The force measurements, gap sealed experiments and tuft studies on
the rudders showed that the early separation of the movable rudder aft
of the skeg was stimulated by gap flow from the high pressure side to the
low pressure side of the rudders. The characteristics for the cases of
rudder alone did not vary systematically with change in taper ratio for
the three rudders which suggests that gap flow is fery sensitive to even

small variations in gap geometry.

7.6 Sealed Gaps : .

The results of the gap sealed tests indicated that only small
improvements are made by sealing the horizontal break between skeg and
movable rudder. Whilst having little infiuence on the maximum lift attained,
any form of seal in the vertical gap between rudder and skeg is.likely to
lead to significant improvements in the rate of lift development up to
stall by skeg rudders above rudder angles of about 7%0. An investigation
into the feasibility of sealing the vertical gaps of skeg rudders could
therefore be of value; improvements'in lift performance would be most
beneficial where skeg rudders are to be applied to vessels requiring good
manoceuvring characteristics at larger rudder angles of attack and possibly

lower speeds.

7.7 Taper Ratio :

The differences between the three skeg rudders tested, having
taper ratios of 0,59, 0.80 and 1.00, were not large. The most significant
difference was in the lift developed by the rudder 'p;géfskeg combinations
for which the:results showed that increasing the taper ratic improved the
1ift at larger angles of attack. This would be expected since increasing
taper ratio has the effect of removing area from the less efficient part
of the movable rudder aft of the skeg to the more efficient 'all-movable'
part of the rudder. This increase in lift at larger angles is however
associated with a movement of the centre of pressure down the rudder of
up to 3% span when going from a taper ratio of 0.59 to a taper ratio of 1.00,

with consequent increase in bending moments.

These changes in lift and centre of pressure with increasing taper

- 15 -



ratio may be more significant in the full scale case where the ship
boundary layer is likely to be relativelythiggej than the boundary layer

in the wind tunnel.
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NOMENCLATURE

The notation of angles and ccefficients is further depicted in Fig. 2.

ARG = Geomtric aspect ratio

C = Chord

c = Mean chord

CT = Tip chord

cR = Root chord

CP% = Centre of pressure chordwise, measured
from leading edge.

CPs = Centre of pressure spanwise, measured
from root,.

CD = Drag Coefficient

CL = Lift Coefficient

C = Maximum lift coefficient

Lmax

CN = Normal force coefficient, normal to rudder

CY = Normal force coefficient, normal to skeg
or ship.

Rn = Reynolds Number

s = Rudder span

t = Rudder section thickness

X-Axis = dir flow axis = longitudinal axis of tunnel

XB-Axis = Skeg axis

Y-Axis = Axis normal to alr flow

YB-Axis == Axis normal to skeg

a = Rudder angle relative to flow

O emALL = Rudder stall angle relative to flow

B = Skeg angle relative to flow (or ship
drift angle at rudder.)

= Rudder angle relative to skeg, or ship
Q = Sweep of quarter chord a

Skeqg area (assumed to é of stock)
Total area (movable + skeg)

L]

Skeg Area Ratio

Balance Area Ratio Movable area forward of 4§ of stock

]

Total movable area

Total Movaple A;eaf}

Total area (movable + skeg) .~ Skeg area
(assumed to qg of stock).
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APPENDIX Al (CONTINUED)
TABULATED TEST RESULTS : RUDDER NO.1

T ATy g et e 0 mery it g "
R T A g it BRI T o Mk g e M o e 5 e

: 'Ruoozn NyUMBER =
_DAYE OF TEST z 19/8177
SWIND SPEED s . 4R,7 M/§

" AAZRUDDER ANGLE,ALPHA(DEG,), AD=RUDDER . ANGLE, DELTALDEG,)
CLeLIFT CUEFFIEN?. CN=RUDDER NORMAL COEFFICIENT -
SCYSSHIP NURMAL COEFFIENT. CD=ORAG COEFFICTIENT S
CPC=C wF P CHORDCXIC), CPS=C OF P SPAN(LS)

ALL COEFFICIENTS BaSED ON TOTaL a&Rta -OF RUDDEAR PLUS BKES T

(A}SRUDDER PLUS SKEG, (B)SRUDDER ALUNE, (CISSKEG ALONE

REYNDLDS N8,° & 7 1,2000RE+R6

TSKEG ANGLE,BETA(DES,) = =25

: D EPC. - _CPS
- Ay w27 o Ce,027 Tw,w277 L0190 3,99 37,38
- (8) =,27 __ =02 " 099w, BWY = #1566, 66,52
() =27 7 w82 T o=,018 - T L8347 T 10,11 23,19 .

YO (A)74,88 (822777 21,65 46,69 7
- . : ! {6 4,88 ) | =,uR3 24,69 43,80 .
3 i (€).- 4,887 o 2T @28 1d,1b Py 5
% . B j - e e e -
e > - ,045 25,08 ALFE
o - L0272 31,47 47,22 S
. ,023 ?.65 41,76 T
i Le73 T 29,82 47,85
 ,P&9 34,53 52,23
.02 © 13,50 37,7
) 7 31,32 47,15
(055 37,¢9 50,84

Lu38 - 15,72 28,62

(132 31,97 45,21

, .18 39,1 49,82
o Lazd 9,¢8 3u,46
V153 13,14 4%.37

135 40,03 53,8%
017 14,44 13,27

L0169 33,92 49,75

,109 49,1 . 34,75

W02 14,48 34,14

T 1226 15,26 4%.17
. ,194 d@,1 53,958

032 24,35 36,02

W31 36,23 53,91

253 42,02 68,9
P33 L4 30,17
383 37,21 51,04
. 687 2343 43,53 58,17
L lid 16,46 15,66
1856 2 18,5 53,61

635 363 45,57 58,47
057 13,77 53,66
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APPENDIX Al (CONTINUED)

TABULATED TEST RESULTS

: RUDDER No,2

e S W IND UTUNNE Lo RUDDE RGO AT A ANAL

_RUDDER NUMBER_ .

—-WIND SPLED

2'3

DATE OF TEST =  1B/R/77 A
H 31,25 /8

- 29 -

REEE L S AR R

T AAZRUDDER ANGLE,ALPHA(DEG,), ADZRUDDER ANGLE,DELTACDEG,). . e

CL=LIFT COEFFIENT, CNZRUDDER NORMAL CUEFFICIENT , e
. .CYaSHIP-NORWAL COEFFIENT, CDSNRAG CORFFICIENT v

CPC=C WF F CHRORD(XCY, (P63C OF P SPAN(XS) .

- _ ALU COEFFICIERTS BASED ON TOTAL AREs OF RUDDER PLUS SKEG . - .
" tA}=RUDDER PLUS.SAEG, (B)SRUDDER. ALONE, (£)=8KEG ALOKE' R TP
 REYMOLDS NB, -5 989288 S noidni | SR
-~ ALL-MOVABLE RUDDER .- -

. - T - o CD
e MBh e 4B =,085 0,017 . 11,72 1 39,927
e B37 . =837 = B T ey 3,92 7 sta8 -
T R TL S 1T J16  32,48 93,80 77
© RS T 4251 .,251.°7 018, "18,57 47,39
LR, 87 TL7 . ,493 -+ ,492. .92 . ,R39 19,86 47,8 R -
T48L78 TVLsE: . Y,7e2CUTI 736 736 7T Jepe aLsF . Tar.ée ;
18,34 ¢ L8585 (848 846 & .41 . 22,37 - 48,830 %
19,88. .68 S e 809 T,ees oF 154 T 23,97 46,33 - 4 '
20,91 5,71 948 . 949 .. ,0a7 L 177 25,87 43,83 .
23,3 ‘ .7.'937 8L T UIRE TS 34,73 L 46,37 -
24,81 808 843 .84y .. 26 28,75 &g - .. . .
. . K 5
;.; ' y . R " . . .
. ‘ 7 :




- APPENDIX-AL.-(CONTINUED), .

TABULATED TEST RESULTS :

"WIND TUNNEL RUDDER DATA ANALYSIS

b i e i

S RUDDERTRURGER T T N
DAVE OF TEST "2 16/8/77,17/8/77 Y , :
®IND SPLED s 42,89 W/S B -

- MAZRUDDER ANGLE,ALPNA(GEG,), ANSRUBOER ANGLE,DELTA(DEG,)
1 CLALIFT COLFFLIENTY, CNzRUDDER NOWMAL COEFFLEIENT )

: CYSS5HIP NORMAL COEFFIENT, CODZDRAG COEFFICIENT . :
. . CPCsC ©F P CHORD(XC), CPS=C OF P SPAN(YS) Sl .
am-S B i ALL COEFFICIENTS BASED ON TOTAL AREA UF RUDDER PLUS SKEG R R

. .7 T UAY=RUDDER PLUS SKEG, (BYSKUDDER ALONE. (C)aSKEG ALONE

REYNOLDS NA,. 3 {,170QuEeps. . 0 . . UM oI

et inT SKEG ANGLEBETACDEG,) = #,25 7o:  rps .o

S e ADL L JEene ey
*5,37 _ =5,12 = 155 Lo, 158 1o w155 . @836 . - 23,57. % 8a,55 |
-5,37 -5,12 * 115 2,115 . e 115 D@2 264,81 ., 62,02
«5,37 . =5,12 34 Tae =T LT B34 Y 19,22 250017 .94
“2,62 | =2,57  «,AB7 =088  «,087 : ,e2d © 17,8 Sa7,41
»2,82 -2,57 » 63 =,A62  .,063 .12 22,6 63,44
~2,82 -2,57 =824 . = o s LB36 9,20 .63
) “26 o =yB1Y T eleil Telpll =010 L,@19 11,82 . 33,61
-, 26 -, 08 v M26 e, U6 =, BHE @ ¥15 13,26 . 4w,28
"yt =@l wgBube - .0 ,834 C 1@,18 - 25,98
2,31 2,56 W88 ::.ma17 28 JR1B 22,86 54,12 L
2,31 | 2,56 TS B4 Lub% =013 22,35 82,4f
@43 . 2,56 WB20 o mn o om0 ,032 22,3 .. 37,72
4,87 . 5,52 L L1865 . 1,157 ° ,155 €25 21,9 52,61
. 4,87 . 5,12 EER] _elit2 113 LT L1) 27,14 _, 61,25
: S 4,87 .. Btz w42 . o s 7.22 . 31,44
. 7,84 7,69 V289,252 :. 249 ., ,B3B . _27,26  S1,t .
7.44 7,69 77 AT7 .177 15 32,7 51,27
B e o PCh T8 BTR i o .. _,823 _ 1R.42 . s26.92 -
’ . o9 T w22 294 L2090 294 @55 _ 28,68 55,45 . T
- - o 9.7 .  1@,22 L2108 22 218 232 33,57 63,36 B
2,97 - (@a,22 BI6 o L ... .23 14,13 33,36 v
: i _12,51 12,76 351 359 0 38 Lure 28,96 56,42 o
- 12,51 12,76 269 .273 ,268 W85 33,46 63,55 S
- 12,50 . 12,76 JA82 o - B2d 15,¢8 _..34,53 :
15,P7 15,32 421 - ", 429 . ,e21 B84 28,948 56,11
15,07 15,32 319 325 L0867 33,52 63,45
. _A5,#7. .. 15,32 2 Tan LT Lo ,B1B 14,34 33,29
17,63 17,88 V50T -,519 . ,%#® 111 . -20,95 . 56,41
- 17,63 17 88 W377 385 - L3716 +P86 34,52 65,36
17,68 _ 17,88 132 L ol Ll GR35 16,62 31,6 N
e a8 23,19 20,48 L592 683 . 592 J136 38,78 . 85,42
- tBY 20,19 24,44 419 45 14359 Ll 35,36 63,92
ez {EY 28,19 . 24,44 PR S .225 15,88 - 30,83
G - LAY 22,75 23 . 2671 . LEB3 T EFL L1867 31,66 186,21
(8} 22,75 23 529 523 538 (133 37,85 . 63,29
- L {EY 22,78 23 (162 T 828 £5,21 29,97
T tay 25,31 25,56 74 5T L7 W19 32,64 54,17
(8) 25,31. 25,56 543 563 .5ez2 168 37,95 64,52
L) 25,31 25,56 197 922 17,08 22,47
(4) 27,85 28,1 L798 JBL9 747 (242 24,18 55,87
(8) 27,85 28,1 61 536 619 L2056 39,76 63,76
v = €3 27,85 28,1 188 4236 - 15,35 28,54
(A) 3m,38 33,63 836 . 87 837 29 35,65 86,24
(8) 32,38 32,53 659 698 658 1257 41,37 62,4
(c) 3¢,38 39,63 179 ¢33 14,28 32,04
Ay 32,92 33,17 BB .931 L 888 L34 16,54  %%5,77
(8y 32,97 33,17 . 668 J727 667 L, 306 43,39 84,51
€y 2,92 33,17 £221 ! : 434 16,9 24,09
1Ay 35,43 35,68 o 556 L9084 377 37,24 54,28
(8] 35,43 15,68 607 749 686 J326 43,55 61,96
(C) 3h,a3 In, s 218 051 15,42 29,17
ta) 37,96 38,21 682 888 .68 44 39,8 45,4
(8} 37,96 38,21 (461 582 , 459 L3568 48,63 55,36
(C) 37,68 38,21 221 084 16,77 22,14
BYE ' )
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' _ . APPENDIX Al (CONTINUED) .. . . ... . ... '

e ? i - X, .

DPaFM € 2+ 1) 23~ Jun~79 17140

WIND TUNNEL RUDDER DATA ANALYSIS

RULDDER NUMBER = 2
__ _  DATE OF TEST =  14/B/77:+17/8/77
WIND SFEED = a2.91 H/S

AA=RUDDER ANGLE » ALFHA(DEG.)s AD=RUDDER ANGLE:DELTA(DEG.) ‘
CL=LIFT COEFFICIENTs CHN=RUKBER NORHOL COEFFICIENT

CY=SHIF NORMAL COEFFICIENT, CD=DRAG COEFFICIENT

CPC=C OF P CHORL(XC)r CFS=C OF F SFANCXS)

ALL COEFFICIENTS ERASED ON TOTAL AREA OF RUDDER FLUS SKEG

= 7 (AY=RUDDER FLUS SKEG, (B)=RUDDER ALONE: (C)=5KEG ALONE
" REYNDLDS NG, =  J116E 7

SKEG ANGLEsEFETA(DEG,) = =5.25

AA Ap cL CH cY co CFC . CFS
T Ay -7.98 -2,73 “,307  ~,311 —.311 .052 20,43 45,09
________ (K} -7.98 -2.73 S 178 ~.178 -.179 013 24.5 65,35
(C) -7.98 -2.73 -, 129 : 1039 12,64- 18.04
g TTia) -S.41 . -, 16 -.218 -.,22 -.22 L1032 15.34 47,31
p __(E) -5.41 - 14 -,125%  -,124 -.12%4 -,00% 22,97 65,09
(C) -5.41 .16 -,093 037 5.5 24.4
- TOTT TTTAY -2.85 24 -.139 -,14 -.141 024 12,37 43,18
" {E) -2.8% 2.4 -, 059  —.058 -.057 -,01% 19.91 73.49
{C) -2.85 2.4 .08 039 7.51 21,72
“Tthy -,29 4,94 -.048 -,048 -,05 022 =5.28 34,82
. (B} -,29 R L 003 L003  L005 -.014 77.7 -145,71
(C) -.29 4.94 ~,051 034 1.95 24,95
tay 2.27 7.52 025 026 1023 023 &0 B4.4
o ABY 227 7.52 .057 L056 .058  -.014 24,67 48,08
Cy 2,27 7.52 -.032 037 W01 17.78
- - “(ay 4.83 10,08 2113 W115 a11 .03 15.98 57.48
- . __(EY 4,83 10,08 .124 4123 .124  -.,004 31,84 54,08
TUTTTTEY 4,83 10,08  -.011 034 =9.75 11,35 .
o T - T TTdAy T7.39 7 12,44 L1920 L1946 (187 <045 37.26 54.9 )
- . i i ___ LR 7.39 12,54 179 18 .177 017 34,77 5%,95 e
- TTTTTTUEY  7.39 12,64 013 .028 g3.08 F4,24 M
Y T A 9.93 15.18 +242 .25 235 1058 35,03 57.23 s
B . - . L (R 9.93 - 15.18 222 (226 $217 043 33.14 546,24 -
(Cy 9.93 15,18 .02 1025 47.34 84,08 .
’ T (Ay  12.48 17.73 ,304 .213 294 076 34,36 50,37
(B) 12,48 17.73 248 .274 262 058 33.84 60,34
TU(Cy 12,489 17,73 L0385 02 32.19 41,87
Ay 15,03 20.28 L3787 .39 Lzém 095 33.48 58,12
.. (B) 15,03 20,28 32 V327 L3112 07 34.45 64,37
- . (C} 15.03 20.28 .058 - .025 26,34 25.71
T ey 1748 22,85 47 .423 458 J117 33,45 S4.11
__{B} 17.5 22.85 . 389 . 398 379 .09 35.47 53,23
) 17.4 22.85 051 027 23,01 24.94
- “(ay 20.16 05,41 544 562 .531 143 33,97 57.78
. imy 20.1& 25,41 .444 458 432 '119 36.2 61,75
€y 20.14 35,41 .102 024 23.31 38,61
T Ay 22071 27.74 .608 L &27 59 \172 34.51 55,45
() 22,71 27,94 . 493 .51 478 1127 37.82 £3.5
() 22.71 27.95 (115 . W03 . 19,34 27.53
T T qmy 2s.29 30.5 b6 681 439 .193 34.9 57.44
. Am 25,25 30.5 524 .549 508 .171 34,54 £4.58
(C) 25.2% 30,5 V134 1027 19.71 31,35
’ T Ay 27.81 13,04 L7436 774 v721 244 35.77 £5.98
. . .am 27.81 33,04 L5596 1626 574 211 39.78 64.08
() 27.B1 33.06 15 033 18,74 24.18
) i Teay 30,37 s, 62 .81 B3 L7927 . 297 3.8 §6.5
(B) 30,37 35,62 448 . 485 623 .25 . 41.13 44,78
(L) 30.37 35.42 17 037 19.37 27.14
Ay 331 18,35 .B5? 502 ‘826 . 334 38.17 58.16
(B 33,1 18.35 687 .74 657 302 42,95 64,71
(C) 33.1 38,35 L1772 032 17,34 24,432



APPENDIX A

TEST RESULTS :

TR P L B Gt EOTINES Y,
- T e
N Y W T

WIND TUNNEL RUDDER DATA ANALYSIS

. RUDDER NUMEER = 2
DATE OF TEST = 1&/B/7701B78777
WEND SPEED = I1.31 M/S

s

AA=RUDIER ANGLE-ALPHA(DEG, }» ADSRUDDER ANGLEsDELTA(DEG.)
CL=LIFY COEFFICIENT. CN=RUDDER MORMAL COEFFICIENT
CY=SHIF NORMAL COEFFICIENT. CD=0RAG COEFFECIENT

CPC=C OF F CHORDKHE)r CPS=C QF P SEFAN{YS)

ALL COEFFICIENTS BASED ON TOTAL AREA OF RUDDER FLUS SKEG

77 tA)=RUDBER FLYS SKEG, (E)=RUDDER ALONEs (CY=SKEG ALOME

T REYNOLDS NO. =  B§0000

" GKEG ANGLE:HETA(DEG.) = 4,75

AA AL cL cN cY ng crC CFS
T Ay -5, ~10.08 -,105 -,108 -,101 1042 25,48 &0, 48
e {R) -5,33 -10,08  -,123  -,124 -~,122 012 12,77 49,92
i) -5,33 -10,08 018 .03 13,18 -15,9%9
§ T T em —2.7v =7.52 -.032  -,033 -,03 028 37,95 47,98
% . {B) -2,77 -7.52 ~05%  -.058  -.04 -.011 22,02 44,44
s (cy -2,77 -7.52 027 039 6,88 13.94
Ay -22 ~4.97  .0a 04, 043 .02 -.,a8 37,24
- e ___tm) —,22 -4,97 ~.008 -,008 =-,009 -,01 S.67 -44,21
{Cy -,22 —4,97 048 03 2,22 24,23
TTTTTTYEY 2,34 0 -2,41 V117 118 .118 L0117 12.45 48,42
. tB) 2.34 -2,41 054 1053 W053 -,014 24,83 B0, 13
(C) 2.34 -2.41 083 \031 3.32 22,7
- Ay Ta,91 W16, 215 1214 V214 0232 17.49 48,04
_(E) 4,91 W16 W12 119 W119 -, 008 25,49 47,5
Ly 4,91 16 095 031 7.73 24.24
TTTTTTIAY 7,47 2,72 291 7,293 292 034 19,15 45,96
e _iB)Y 7,47 2,72 ,18 1179 1179 L1002 26,26 4.6
. CY 7.47 2.72 f111 032 7.81 27.1 .
. » i e a0 AT T10.03 5,28 .379 2382 382 0 05  23,7 49,29 -
- = - - . __(E)} 16.03 5,28 W24 T 241 241 024 31,4 £4,52 .
- o (Ccy 10.03 5.28 1139 024 10,48 23,52 e
Lo . Co TTTTTTYAY 12,59 7,84 7,453,458 458 V075 246,17 48,58 ) v
e .o tB) 12,59 7.84 1295 +298 .295 L0468 32,61 53,47 v
.l , ) )y 12,89 7.84 158 i edcd i4,17 20,91 :
i o e . ¥
- TTTTTTUAY T 15,14 16,39 +I13 519 1S18 092 24,82 51.53 :
. {B) 15,14 10,39 .242 348 . 345 048 32,41 £5.01
(CY 15.14 10,39 171 024 13,15 24,14
- CAY 17,49 12,94 V591 .597 598 113 27.93 53,1
_ (B} 17.69 12,94 V401 .407 L40¢ 081 4.4 64,39
(C) 17,69 12.94 19 ) L0322 14,25 25,14
- Tiay 20.78 15,51 473 1678 L6481 4135 29,17 53.2%
e (BY 20,24 15,51 Las2 ,473 V47 V115 346,35 64,25
(C) 20.26 15,51 ,211 02 13,34 27.73
T T ey 22,8 18,05 732 ' 74 743 189 29,42 54,45
. tm) 22,8 18,05 513 525 522 J133 36,42 45,52
(Cy 22.8 18.05 219 1034 13,322 8,39
) T T Ay 25,34 20,59 79 V799 .803 9% 0,34 55.0%
. {BY 25,34 20,59 553 571 564 V166 3I7.47 46,25
. (C) 25,34 20,59 .237 «032 - 13,15 27.52
T T Ay 27.87 23,12 819 NIV .837 1257 33,58 55,42
. tE) 27.B7 3,12 . 605 632 Y .208 40,08 44,78
tcy 27.87 22,177,014 1045 14,72 29,37
] T Ay 3044 25,45 871 895 +B91 «285 34.75 54,13
. tBY 30.4 25.45 428 67 1647 253 42,13 64,12
C) 30,4 35,55 .243 032 14,45 23.2
o ‘Ay 22,45 e, 231 .97 L954 \247 1s,1@ 54.19 '
o tmy 12,95 20,2 566 V72 . 483 V307 43,43 44.8
(€Y 32.%5 28.2 V265 04 16.04 22,02
Ay 35,73 16,48 JGAD 747 471 ct: 1) 28.47 48,06
) fE)  35.23 10,48 .423 538 449 L3133 48,42 58.5%
(cr 35.23 30.48 .219 L0545 14,61 22.49

- 32 -



(ST ]

DAFM L 21 » 13 ' 27-Jun-78 16108

WIND TUNNEL RUUDER DATA ANALYSIS

RUDDER MUMBER = 2
. DATE OF TEST = 16/87772:.17/8477
WIND SFPEED = 43.27 H/S

AA=RUDDER ANGLE»ALFHA(LREG. s AD=RUDDER ANGLEDELTACDEG,)
CL=LIFT COEFFICIENT, CN=RUDLDERE NORMAL COEFFTICIENT
CY=SHIF NORMAL COEFFICIENT, CD=DFAG CDEFFICIENT

CPC=C OF P CHORD(XC)y CFS=C OF F SPAN{YS)

ALL COEFFICIENTS BASED' ON TOTAL AREA OF RUNDER FLUS SKEG

(AY=RUDDER FLUS SKEG, (B)=RUDDER ALONE, (C)=SKEG ALONE
REYNOLES MO, = 115 7

SKES ANGLE+BETALDEG.) = -10,2%

33

AA Al cL CN oY ] CPC cPrs

TTTTT Ay -13,1% 0 -0,9 ~,529  -,53% -,534 , 089 22,84 4B.57
. _{B)} -13,15 -2,9 -, 318 -,321  ~,321 049 31.11 64,85
) ~13,15 -2.9 -.211 .04 10.49 24,23

T Ay -10.59 0 -, 34 ~ 447 -,4%2 ~,4%2 087 9,58 46.6
o (B) -10,5% -,34 ~,247  -,247 -,247. 025 24,58 64,32
(C) -10,59 . ~,34 .2 1042 11.03 22,83
T iay -8.02 2.23 -89 -,362 -,342 047 15.99 45.77
. tm) -8,02 2,23 -.186 =.185 -.1@3 L 005 22,99 68,01
(C) -8,02 2,23 173 V042 g.82 22,74

T Ay -S.48 4.79 -.275 -,277  -.275 L0314 13,44 44,17
_4B) -S.44 4.79 -12 -.11% -,117  -,008 21,21 72.55
(C) =5.44  4.7% -4 155 042 7.91 22,83

T Ay -2.8% 7.36 -.181  -.182  -,182 L0246 9,09 41,45
________ (K} -2,89 7.36 -,0%4 =,053 ~,05f -,011 17.09 89.62
() =2.8% 7.36 -.127 037 5.44 21,73

- Tty -.33 9,92 -.104  -.104 -,107 L0256 2.04 35.07
_ By -.33 9.92 . 001 V001 002,009 287,58 -1453.

(C) -,33 7.92 -,105 1035 5,47 22,81"

ﬁ' Ay 20230 0 12,48 -,025 ~,024° -.03 031 -R0 -14.7
_(E) 2,23 12.48 L0481 041 OEL —,008 18.76 31,11

<C) 2,23 12,48  =.084 039 5,44 18,84

TTTAY  A4.79 15.04 1056 059 . 048 (043 85,15 81,54
4Ry 4,79 15,04 J119 (17 1115 ,014 39,91 47.91
L) 4.79 15,04 -.063 029 -,89 15.27

T {éy T 7.33 17.58 112 12 7 Lo98 V087 50.92 45,29
L fB) 7.33 17.58 V177 179 .169 025 38,14 50.41
€y 7.33 17.58  —,045 042 -, 27 19.49

(A} 9.8% 20,14 .19% .2 L1746 071 47.35 55.42

e _.__AE} 9.89% 20.14 217 221 V206 .04 37,89 55.9

(C) 9.89 20.14  -,02% .031 -24,58 26.2

YAy 12,43 27,48 .243 .256 V224 087 42,5% £6.5
. 4imy 12,43 20.48 L2485 271 251 057 15,7 60,99

(C} 12.43 22.68 -,022 .03 -33,9¢ -7,23

T LAY 14,099 25,24 326 342 1303 1104 39 69,98
. {B) 14.99 25,24 357 L3315 309 , 075 34,03 60,78
ULy 14,99 25.24  -.001 L029 -132.84 -41,25

777777 (A) 17.5 27.81 L 407 V426 379 V125 37.98 £9,77
L tE)Y 17,5 27.81 382,392 36 092 36,91 60,03
(C) 17.54 27.81 025 + 034 62,52 97,18

T (A 20418 30,36 L479 L5001 LA45 15 37.88 59,35

i (B)  20.11 30.346 V431 L245 1403 .118 7.1 50,91
i(cy 20,1t 30,134 048 032 44.95 55,98

CRY 22,47 12,92 557 584 515 184 37.97 9,11

() 22,47 12.92 . 428 V507 455 1147 15,44 63,02

(C) 22,47 32,92 LGET 041 13,09 47.92

B cAy , 22 15.47 VHZ2. (652 5V WE1 T 37.54 57.62
(E} .‘*s.:" 35.47 .542 J544 504 172 18,57 61,92

(c) 25.22 35.47 .08 : .038 26.76 34,99

Ay 27,97 33.02 657 V735 .642 255 18,09 58.13

LE) 27,97 32,02 594 . 627 1547 .218 40,31 43,722

(C) 27,97 39,22 103 \037 1.8z 31.97




e

APPENDIX Al (CONTINUED)
‘. wgess - TABULATED - TEST: RESULTSv: . RUDDER .N04 2, *-. .7

¥ EAS

e o S e A

- T, oy
A e i vl T ot RS g e

i DAFH L 21 5 11 L 27-1un-78 12144

JWIND TUNNEL RUDDER DATA ANALYSIS

RUDLER NUMEER
PATE OF TEGT
WIND SFEED

2
16/8/77,18/8/77
31.34 M/S

U uiy

AA=RUDDER ANGLE:ALFHACDER.)s AD=RUDNER ANGLE »ELTA(DEG.) .
CL=LIFT COEFFICIENT, CN=RUDDER NORMAL COEFFICIENT

CY=SHIF NORMAL, COEFFICIENT, CD=DRAG COEFFICIENT

CPE=C OF F CHORD(XC)y CFS2C OF F SPAN(XS5)

ALL COEFFICIENTS PASED ON TOTAL AREA OF RUDDER FLUS SKEG.

" _¢AY=RUDDER FLUS SKEGs (B)=RUDIER ALONE, (C)=SKEG ALONE

T REYNOLDS NG, = @90000

- . "7 7 7T SKEG AMGLE(EETA(DEG.) = 9,75 .
T an AD L _CM cY ch cre CFS
T Ay -s,08 -15,03  ~.039  -,044 -,028 057 94,57 95.94
__ ____im) -S.78 -15,03  -.118 -,119 =-,112 021 2,87 44,49
{C) -5.28 -15.03 079 034 9.54 14.98
3T Ay —2,74 ~12.4% 014 014,022 036 -151,4%  -46.43
s o (B} -2,74 ~12,4%  -,072 -,072 -.,071 -.,004 32.83 34,17
s (C) -2.74 -12.4% .088 V04 4,66 22,34
T T Ay -9 -%,94 .083 083 084 024 -1.92 39.17 i
- o {B) =,19 -%,94 =011  =,011  -,012 -,007 29,71 -92,57
(C) =-,1% -9,94 094 .03 3.04 24,37
) Ay 2,37 ~7.38 1163 L164 L1465 023 2,53 44,04
(E) 2,37 -7.38 044 ,044  ,042 -,01 19,17 101.51
(Cy 2,37 -7.38 119 0332 7,03 23.03
TTTday Ta,94 7 -4.B1 -1 L2532 L2852 ,023 13,462 48,38
o (BY_ 4,74 -4.,81 J113 12 109 -,012 22,52 76.02
iy 2,94 Za.81 J138 1035 6,91 23,06
T Ay T7,m2 -2,23 .354 ° ,3%5 353 029 15,81 46,7
- — _€EY 7,52 -2.23 183 .18 ,179  -,008 24,58 £9,55
. cy 7,52 -2.23 171 : V037 g2.81 22,53 .
U eer L ToETATTe e T 10008 0 L33 T L4137 L4347 434 Oas 18,97 27,83 -
- . T _ _(E} 10,08 .33 236 .224 234 L0172 26,92 65.22 : .
- - . S icy 10,08 .33 1197 033 .67 23.94 -
. " o T iR 12,44 2,89 7 .s524 524 1527 087 22,43 48,11 ; ¥
T ] - (B} 12.44 2,89 309 . 307 31 4035 5,11 £4,28 '
i - €y 12,54 2,89 \215 032 10.24 2%.02 . -
; .~
v TCAY 15,18 5.43 7 .578  ,381  ,SE64 L83 24,22 51,94
(B} 15,18 5,43 \364 368 37 058 32.81 £5.34
(C) 15,18 5.43 \212 W03 9.68 28,85
Ay 17,75 8 564 1648 V673 V117 25,93 St.1 .
. ___(E) 17,75 a V419 L4224 L4258 083 34,25 44,01
() 17.7% 8 245 ] 034 11.78 25,19
T ey 20,3 7 10455 734 ,738 J747 .143 27.22 53.83
o tBY 20,3 10,55 ,483 49 494 .107 35,52 £5,33
) 20,3 10,55 251 034 11,34 31.1
Ay 22,84 $13.11 JB17 .18 ,B32 1148 27.82 51,33
__ (K} 22.8% 13.11 528 .53% .542 .135 34,09 65,89
{0y 22,84 £3,11 269 032 12.77 23,05
. ST a2 15,45 844 BED 887 203 29,41 52,43
e {E) 25.4 15,45 571 V586 589 \163 28,01 66,26
Ly 25.4 15,65 295 04 12.86 24,72
T Ay 27,9 18,15 .B49 904 904 291 33,78 2.4
. ._ _.iBY 27.9 18,15 (592 424 1T V216 42,43 85,65
(L) 27,9 18,15 .277 075 14,9 22,02
. TT O T tay 30,44 20,69 912 L§52 953 327 24,74 52,2
. tE) 3I0.44 20,69 636 Wy L4467 L251 41,21 43.85
) 30,44 20,49 \274 VD76 14,78 24,52
- Ty 12,77 23,02 $58 999 1.904  ,359  35.%1 43,29
(g) 32,97 23.02 631 732 e 294 42,79 2.03
(Cy 32,97 21,22 277 V053 16.84 -2.23
Ay 35,27 25.52 673 EOT 752 415 37,25 44,35
! fE) 35,27 2%.52 . 422 524 448 .314 47,09 57.94
() 35.27 25,52 271 W10l 15,42 19.93



#

. r
‘ DAFH [ 21 » 11 . 27-Jun-7@ 14154 !
* 777 WIND FUNNEL RUDDER DATA ANALYSIS
" 77 TRUDDER NUMBER = 2 B ”
© e DATE OF TEST = 18/8/77417/8/77 . i
. . : . ) WINI' SFEED a2 43,45 M/S _
"7 AATRUDNER ANGLE ALFHA(DEG.)s AD=RUDDER ANGLE»DELTA(DES,) L
_______ CL=LIFT COEFFICIENT, CN=RULDER NORMAL COEFFICIENT i
CY=SHIF NORMAL COEFFICIENTs ED=LRAG COEFFICIENT
e .. CFC=C OF F CHORD{ECY}, CFS=C OF F SPANCZS) . .
ALL COEFFICIENTS EASED ON TOTAL AREA OF RULDER FLUS SNEG 6
77T T CAY=RUDDER FLUS SKEGr (E)SRUDDER ALONE, (C)=SKEG ALONE oo ) .
s REYNOLDS NO. =  ,114E 7 ; ’
. TTTTTTGRED ANGLEsBETA(IEG.) = ~15,2% T ' ’ .-
T AA AD oL CN cy ch Pt CFS
TRAY -1B,3T1 =306 . 752 =742 -.754 153 T 23,627 S1.13
e {R) -18,31  -3.0% -~ 4886 -.474  -,475 .108 34,08 65.55
(C) -18.31 -3,08 -.288 045 2.07 27.13
§77TTR ~1s.77 —.s2 —.688 -, 897 -.4F4 128 22,79 47.5
o B} -15,77  -,52 ~402 -, 407 -1406 074 32,17 44,42
. (C} ~15.77 =,52 -.284 . +054 9.48 23,84 -
: . (R -13.19 2,06 -.588 -,593 -.5% .09 19.54 48.01
- (B) -13,1% 2.06 -,325 -.325  -,323 039 27.95 45.98 .
(C) -13,1%  -2.04 -~ 243 .051 ?.24 24.34
- (A) ~10.40 4,63 . 498  -,498 -~ ,403 Wes T 15,87 44,92
____tB) -10.42 4,63 -.257  -.25% -,251 015 24,45 68,83 -
TTAD) ~10.62 4,63 237 051 6+33 24,1
' T AY -8, 06 7,19 - 4117 72,414 -,41 051 14,41 ' 45.31
B (H) -B,04 7.19 ~.186  -,184__ ~.179 0 23,2 71,864
(Cy -B.08 7.19 ~,22% ,051 7.44 24.43
. ; TTTTTTTCAY -5, 49 TR.78 -.313  -.315  -.312 .04 T11.61 7 a3.45
. (B -5.49 .76 . —.121  -.,12 -.115  -.008 22.12 76,52 .
. (C) -5.4% 9,76 - 192 046 5.47 23,61 .
s w meaem o n_w T A -2,92 12,33 -.23 -.231 7 -.231  .033  e.pa 40,95 L
T CR) -2,92 12.33  -,063 " -,043 -,058 =.,008 21,66 89.42
E CLL s TTTTTT(CY -2.92 12,33 -.147 041 4.73 23,68
L - COTTTTCR)Y —. 34 14.B% -.149 -.14% -.153 L0356 -1.52 35,41 - :
Y- < o (B) -.36 14,89 . 005 . 005 005 —.002 216,55 -298,1% '
. Y £33 - 13 14,87 -.154 <038 £.63 24,75 ;
- - -
« TTT(AY 2.2 17.45 —,066 -.084 —,075 .044 -51,79 23,61
() 2,2 17.45 072 072 066 014 47,99 15.75
ey 2.2 17.45 -.138 03 2.37 21.28
-l (A} 4,75 20 -.0035 o T .oz 7 .08 22287 2950.03
: . AE) 4,75 20 W11 L4115, .108 022 44,74 44.08
() 4.75 20 -.123 _ 036 3.5 25,03
’ Ty 7aee 22,54 052 061 032 071 115.87  95.56
e (BY 7.29 22.54 W16 1163 .14% . ,035 41,27 48,04
y 7. 22,54 -,108 .03 1 © 20,18
T <ar v.84 25,09 .12 122 7 T Lowa T o081 67.38 75,99
R (B)  9.B4 25.0% L212 217 1291 W05 34,51 55.44
(LY 9.B4 25.09  -,0%2 031 -5.57 24,82
. A SR T 27,65 .2 .216 168 094 51,4 46.8
B 12.4 27,65 .28 275 242 (04 36.91 56.30
(C) 12.4 27.65 -.058 .034  -5,18 26,37
77777 XA 14.95 30.21 277 .297 1238 L113 45.54 64,38
(B} 14.98 30.2 L3264 335 1294 079 36,74 58.03
() 14.94 30.., -, 047 034 -~9,98 11,99
. T T ey 17esz 0 32477 .358 .381 .31 2133 42,74 41,87
. __{E) 17.52 312,77 .374 . 387 .335 101 37.4 40,13
(Cy 17.52 12.77 -.0fs . .032  -47,32 a8
- T TTtay 20.08 35,33 473 462 J374 162 T At.s7 £1.4%
: _ _{K)Y 20,08 15,33 .42 437 .374 123 28,08 62.41
(C) 20.08 35,33 L0133 1029 801,01 420,22
. CT ta) 22,85 38.1 .529 542 2461 .73 40,84 40,01
. AEy 22.85 38.1 1497 52 | 438 J14 39.49 £1.52
. (Cy 27.85 38.1 032 ,033 77.14 51.49
- - - 35 - - .



APPENDIX Al ({CONTINUED) ) ) P

TABULATED, TEST, RESULTS

“DAFM L 71 e 1 3

27« Jun~-78 14127

WIND TUNNEL RUDEBER DATA ANALYSIS

RUDDER NUMEER = 2
eme o DATE OF TEST =&  1&6/8/77,18/8/77 .. . _—
WIND SFEED = 31,33 H/5 :
AA=RUDDER ANGLE s ALFHACDEG. ) AD=RUDDER ANGLEDELTA(DEG.) . . .
" wemeee-—. CL=LIFY COEFFICIENTs CN=RUDDER NORMAL COEFFICIENT o -
: CY=SHIF NORMAL COEFFICIENT: CL=DIRAG COEFFICIENT :
ime .CFC=C OF F CHORD{XC)» LEFS=C OF F SEANCYS) el
ALL COEFFICIENTS EASED ON TOTAL AREA OF RULDER PLUS SKEG

" (RY=RUDLER FLUS SKEG» (B)=RUDDER ALONE: (C)=SKEG ALONE

" UREYNOLDS NO. = 890000 T . - - ’
TT7TTTSKEG ANGLESBETA(DEG,) = 14.75 - I .
T Ak Al I E ' T ey CE CFC cFs’

"""" Ay -5,25 -20 006 7 0T Loz 082 -25985.2 -2245t.4
e (R) _-5.2% ~20 +105 097,122 079 23.5¢6 -112,71
<€) -5.25 -20 -.099 -.017 70.54  -74:33
Tty -2.7 -17.45% 1061 059 7 .07 045 T -44.67 12,68
o __(E) =2.7 -17.45  -,088 -.,088 -,084 -,005 41,24 23,38
(cy -2,7 -17.,45 .149 05 7.98 159,64
T -5 ~14.9 (131 1317 134 2032 -3.8  36.91
(R} -.15 -14.9 -.014 -,014 -,01& -,011 £0.22 -94.98
(C) -,15 ~14,9 (145 043 3.8 23.%8
Ty 240 -12.33 2227 223 223 (027 9,75 40,79
(B 2,42 ~12,33 .048 V047,043 -,014 20,47 107,44
(C) 2,42 ~12.33 74 ' 1041 7.33 22.8
TTTTEY T4z T 9.7 “2ea T 29577 L291 T o028 12,45 T 44.57
(B} _4,%7 _ -9.,78 2107 104,101 -.0%1 21.17 _ 81.55
Cy Ta.97 -9.,78 .187 037 7471 24,15
(&Y 7,54 -7.21 7 .3m8 .389 ° .31g3 D35 14,75 44,15
_ {B)__7.S4 -7.21 174 W71 166 -.008 27.49 74,72
) T7.54 -7.21 214 1043 8,45 23,77 .
TCA) TTlo.1: -4.64 77,485 a5 a8 044 £6.9 47.01 o -
o tB)__10.11  =4.44 .247 1244 .24 006 24,91 59,64 .
(C) "10.11  -4,44 .238 .038 8.64 24,2 T
T CAY 12,47 -2,08B 559 W559 T 556,083 18.74 48,02 .
e (E) 12,67  -2,08 304,301 JE9R ,022 27.04 47,92
(C) 12.67 -2.08 . 255 041 9.02 24,84 ‘
TTTTT(AY 15,24 .49 T .64% 548 L 44m 084 22,24 48,78 :
______tBY 15.24 49 . 371 L3171 3714 +051 31.72 67,31
TTTIEy 15,24 .49 278 ,033 ?.56 24,26
(AY 17.8 3,05 727 728 +732 16 24,55 49.88
— {E} 17.8 3,05 . 429 432 433 .076 32.83 &7 166
Cr 17.8 3.05 .298 ] .04 12,49 24.06
T <A) 20.36 5.6t 812 812 .B21 (144 26.15 50.33
o AR) 20,38 5,61 492 (497 501 J104 35,04 46,01
(C) 20.34 5,43 .32 042 12,4% 25,54
T Ay 22,9 B.15 .B61 859 874 W17 24.39 51.27
__________ (B) 22.9 8.15 V544 +554 559 .13 35.4 55,43
(cy 22.9 2.15 .315 .04 10,84 25,69
T Ay 25,44 10.69  .925 926 .944 .21 28.3% 50.89
e AB)Y 25,44 10,57 .578 ] .598 .13 37.41 87.6
(L) 25,44 10.49 \347 (047 13,35 21.32 .
Ay 27.51 13,16 .878 V912 ,971 .29 32,31 5%.,78
__tE) 27.91 13.14 52§ 655 b6 L211 a1.1 51,92
(Cy 27.91 £2.14 249 079 10,33 33.35
T T Ay 30,44 15.4% 917 971 975,338 33.11 49,77
. (K} 30,44 15,49 JE11 &4 648 271 44.83 61.17
(C) 30,44 15,69 .308 .12% 10,10 29,71
T Ay 32082 18,07 77 .942 827 379 14.73 45,86
. ftmy z2.82 18,067 516 .59 V571 288 45,39 58,72
(cy 32,82 12.07 J241 091 9,13 15.65

-7 . -— 36 - B . .



- APPENDIX Al (CQNTINUED)

TABULATED TEST RESULTS : RUDDER No.3
Chewer Tr i
DAFN € 31 5 1 1 - 26- Jun=76 57157
WIND TUNMEL BURLER DATA ANALYSIS .. . . . ._ ;
RUDDER MUMBER = 2 S L
LATE GF TEST =  9/8/77
. WIND SFEED = 31,48 K/E . " - .
AR AHGLE: SLFHACDES, )y ADERUNDER AMGLEDELTA(DES,) o
‘COEFFICIZNT, CHsSULLDER NORMAL COEFFICIENT
CY=EHIF HGRHAL COEFFICIENT, CDSDRAG COEFFICIENT . .
CFC=C OF F CHORD(XC), CRS=C OF B SPANLZG)
_ ALL COEFFICIENTS BASEL Of TOTAL ARES OF RULDER FLUS SKEG o
. (AM)=RULDER FLUS SKEG: (R)=RUDDER ALONEs (C)=SKEG ALONE o
_ .. REYNMOLDS NO, = 880000 .
ALL-MOVABLE RUSDER _ . . _ . _ . e -
b AL L eN oY . ch €FC ____CFS
KA 1,51 D4 ~.076  —.0%8  -.077.  .0i@ 6,39 40,24
Ccary .57 .02 022 .02z .023  .014 40,23 73.2@ -
A t.et .04 075 L075. L8976 .016  D21.4%  S2.8 - -
(A 3.4B 13 74 L1755 178 .02 17,66 _ S0.143 o o
(a) 6.8 W35 .. .326 _ .327_ 328 .031  18.37 __ 48.0% :
Ay v,39 .34 JA51 L452 452 042 18,87 47,54 . : -
(AY 11.9% .44 ,s81 .53t .s@ 059 19.53  47.62
cay 14,53 .53 ) VE97 | 696 078 19.87  47.91
tAY 17.16 .61 808,802,801 L1010 21.41 - 4B.ia
cAy 18,7 e JBEZ | LBS®  LBSS 133 24,14 46.59
cAY 19,73 88 906 ,PO4  .904 153 2T.1 47.8
C <Ay 22,26 .71 934 | .955 .95z ,23@ 28,86 45,54
C(A)y 2324 &9 JF11 .943 P41 .26 30,56 48,52
_ Ay 24,71 e .a74 .92 917,301 30.11 45,93 : i
A} 27.18 .83 J82% .B&9 847 .289  31.76 _ 46,23
- .
- 37 -
T e A X g o b+ - - SR g m T msEIT e e+« e meemorm i < sy gt < <t i



APPENDIX Al (CONTINUED)

o T L L gt e

£ %- Vom W e PR
TAB‘%EJI}ATED TESTERESU

CLL L

i !
us T OF : w  AD/Rsr L ABATT

WIND SFEER 2 43,16 M/S 7 .

PASEURLER pNCLE s ALEHA(DES . Y s (D=RUDDER ANGLE  DELTRLDES )
CLELIFY COLFFICIENT, CH-RUDDER qommal. COEFFIL{ENT
EY=SHIF NORMAL COEFFICIENT: Ch=praG COEFFICTENT

CRC=C OF P CHORD(HCY: URFSsD OF P SFAN(IS)

ALL COEFFICIENTS BadED ON TOTAL AREA OF RUDDER FLUS SKES

(A =RUDDEFR PLUS SKEGs (B)=RUDDER ALONE: (C)=SKEG ALOHE
REYNOLDI'S NO. = <115€ 7

SKEF ANGLE-BETA{DEG.) = -.25 . . o

Al Al oL "N ey cn CFC | . RS
CAY -5.38  -5.1T = 148 —.171  -.148 039 24,77 _ 4B.43
(B} -E.,38  -5.13  —,120  =,132  -.133°  .007 25,02 = £3.52
(Cy ~5.38  -5.1F  —.045 , 032 23,44 10,7S
(A) —2,B1  -2.5&  -.083 -.084 -.083 L0205 14,43 48,42
(B) =2.81  -2.%& .08 . —=,061 —.061 =.007 21,41 43.05
(C) -2.81  -2,5& -.022 032 2,17 9,47
(Aa) ~.25 ] C~.008  -,004 -, 004 L0819 -SR.08  ~1.7S
(E} -.2% 0 .005 L0085 005 -.012 71,33 10,72
(L) .25 0 T 13,42 4,41
Ay 2,31 2,56 079 OB 09 L0211 35.T6 - T6.71
(R} 2,31 2,56 L042 L082  L.062  -,008  ZA.53  $9.32
(C)  2.31 2,56 .017 T T 629 20431 1 45.63
cA) 4.88 5.13 147 J16% L1867 .025 25,94 St.s52
(F} 4.88 5,13 e L1260 L1246 L004 30,42 59,87
(C)  4.83 5.13 041 B 021 1t.1t 38.22
(AY 7.45 | 7.7 271 L2740 271,04 25,27  80.%9
(R). 7,45 7.7 195 L197  .19&  ,021 34,63 59.38
(C) 7.45 7.7 .07% L0198 15,02 _ 237.95
tAY 10,01 10,26  .347 J3S5E 347 055 30,78 47,99
(B) 10.01  10.24 ,257 .28 256 .04 35,73 8,52
0y 10,01 10,26 .07 o 019  16.37  1B.32
() 12,55 12,8 297 . L405 L3095 082 F0.96 54,14
gy 12,55 12.8 .304 (311 (303 .086 56,44 42.15
(L) _12.55 12,8 .093 - CL016 12,41 _ 28.81
Ad 15.11 . 15,34 .AFS L85 L474 L1083 3,71 53,02 .
(B) 15,11 15,34 362 L3764 36T .08  F4.94 52,02 i
€y 15.11 15,36 4109 T .p17 13,54 22,42 .
(A) 17.49  17.94 L5085 LS8 ,T8Y L1922 31.48 54,79 S
(B) 17,49  17.94 (456 L4628 453 (105 37,87 TP.TE .
(E) 17,89  17.94 133 ) L01T 19.44 43,41 .
€AY 20,27 20,52, 483 LE92 . LABD ,147 . 33.83 . 51.79
TRy 20.2 20,52 .4E8 V504 L487 133 33,75 40.48
e L_4C) _20,27 20,32 175 .. . WOLA 17,68 _. 27.75
(AY  DR.DT . 2308 _ LT4E . LFF .72 174 32.79 52,74
(E) 22,83 23,05 539 .58 558 0 L167  3B.83  &2.02
(C)  22.B3 23,08 4203 _ . e 2007 15,3 23,06 .
(&) 25.36 25,61 .BD3 834 _ .BO2 __,253 34,7 . 55,71
(B) “25.36  25.61 .604 L 631 V403 (198 40,75 64,29
IC). 25.34  25.41 199 ,055  15.76 _  33.47
(A) 27.93  ZE.18 902 L9318 501 L2687 357 51.4%
(8) 27,93 DB.1&  .673 V711 \672 L2845 42,04 48,38
(0} 27.93  IE.1E V229 L33 14.0P 10,97
(A) 30.46 30,71 , 939 983 L93E° ,T43° 34,42 Tl.14
(B) 30,46 30,71 .754 \792 .52 285 42,48  TB.5E
(C) 30,46 36,71 L1385 062 9.49 35,33
tAy 33.96  33.21 945 1,002 934 (38T 37.7 54,1
(B) 32,94 33,21 743 .811 742 \345 44,76 61,17
(03 2z.94 3308 .202 .04 9.3 26.48
(4 35.5 15,73 989 1.022 987 385 17.38  55.48
(By 399 349,75 .74z . .82 74 371 44,858 62.77
(cr 33.5 35.75 246 014 12.42 20,4
(a) 2.0z  3e.27 754 L8454 .753 438 40,38 47.3
(B)  TB.02  3H.27 L54 &7 536,397  a=.28 52,54
(¢y 38,02 38,27 .2:4 541 15,31 27.81



APPENDIX Al (CONTINUED) . "
TABULATED TEST, RESULTS : RUDDER No.3 .. . .

) -ump IUHPJ'.‘L ::u[.p.::.. um’n .\rm' YS[s

e ipensmtagE L e L e AT h Tk e AT

RUDRER Nyuppes = 3
tATE OF TEST = 1O/8/77.1is8s77
WIND SPEET = 43,39 H/S

AR RUBEER ANGLE s ALFHA(DEG )+ AI=RUIIER ANSLE » DEL Toys IEG. )
CL=LIFT COEFFICIENT. CH=RUDDER NORMAL CHEFF1CIENT
CY=SHIF MOZMAL COEFFICIENT. €0=0RAG COCFFICIENT
CFE=C OF F CHORD{XC), CPS=C OF F SPANCES)

i ALL COEFFICIENTS FASED ON 10TAL AREA OF EULDER FLUS SKES

(AY=RUDDER FLUS SKEGs (B)=RULNFER ALONE: (C)=SKEG ALONE

REYNOLDS MO, = »L13E 7

SKEG ANGLE-RETA(LEG.,) = -%5,25

Ad ATl oL N &Y  cn ere CPS
o . (A) -10.54 -5,29  -,38  -,287 -.385 L075 73,18 50,11
(B} ~10,54  ~5,29  =,2&  ~.244  -.283% 043 30 41,89
. (C) -10,54 -5.29 ¢ —,12 L0314 2.2 24,87
. .. B ST.8B —2.73 -8B =.302 . -,301 052 19,95 49,32
(B) =7.98  -2,73  -,186 -,187  -.187 .02 24,01 65.39
— . L) -7.98 -2,73 -.112 . L0732 . 10.03 23,27
(AY -5.42 —,17 -.224  -,224 -,224 . 034 15,14 46,44
(E) -5.42  =,17 ~ 124  -,124 -,124 004 22,74 65,74
o L(C) ~5.42 =17 -1 o .03 P 21.98
. . _{AY -2.85 2.4 5,133 -,43%4  -,135 024 9.48 42.95
(k) -2.85 2.4 057  -.0%7 -.05&  ~.008 17.78 74,39
.. AC) -2.85 2,4 -.078 ) CL.032 ,23 20,59
. tar -.z29 4,96  ~,051 '-.051 -,053 022 -e,82 31,74
- _ ) CB) -.29 4.94 L004.  ,004 005 -.01 197.31° -107, 18
. _fC) -.2% 4,96  -.0%% R 032 1.4 . 21,15
L€AY 1,75 7.01 014 015 L0172 024 132,93 114,42
(B) 1,74 7.01 L05%  L055 (0S5 ~.002  35.6% 44,48
e B} 1.78 7,08 -, 041 ] i L0286 G.4 18,2
. tAy 4,83 10,1 137 .13 .134 (036 41,537 54,01
(B} 4,85 1.1 .149 .149 .147 012 37,37 as,B1
) (CY  4.85 10,1 -.012 .024  -3.73  -5B8,43
Ay 7.4l 12,46 215 219 .21 047 18,84 53,82
. (%) 7.41 12,46 194 197 19 L0327 38,18 z5,2
. L L ey 7.a 12,84 021 015 45.87 42,34 .
. i
e L e S R TR 05 15,22 .286 .293 ,279 .067 32,54 52,31 | -
T s (K)  9.97 15,22 .258 .23 .253 049 37,53 Sa.t
- , . L i 4y e.e7 15,33 028 B N 018 29,37 22,05
: L . Ay 12,54 17,79 379 \ 788 V37 (082 37,03 48,5 .
o . - (B) 12,54 17.79 317 ,324 L3007 045 38,09 57.34 .
7 . - . qcy 13,54 17,79  .042 _.01s 31.31 2.15 o
. -
" . iy 15.08 20,733 L 439 .453 . 427 .12 35,82 53,99
(B> 15.08 20,73 V39 ,403 ,38 L1063 I1R,08 59,18
. (Cy 15.08 20,33 .049 L00%  1&.62 10,69
Y 17.45 22,9 527 .544 512 137 5,48 55,5
(B} 17.45 22,9 , 445 .457 .434 L1909 38.33 54,24
4T} 17.45 22,8 _ 082 . .028 _ i8.4B 41,24
{A) 20,23 25,48 L 638 653 621 .158 15,54 2,58
(R) 0,23 35,48 515 ,535 499 .15% 32,54 53,12
_ . (C) 26,23 15,42 122 007 50,22 26,89
‘‘‘‘‘‘ <Ay 22.7% 28 L5452 ,68 443 .18 35.24 57,77
(¥) 22,75, 28 532 L E0T V564 133 39.02  S&.85
e tT) 22,75 23 .08 -.003 6,62 41,26
| kR 25,3 39.55 \714 754 7132 211 I5.46  S7.02
i (B)y 25,3 19,55 . 635 V663 L6124 207 39,44 61.23
» (Cy 15,5 32,55 .67 803 8,52 28,87
L _.tR} 27.86  IZ.01 .914 214 .728 .2a9 35,89 57,6
! (E) 27,86 3T.11 V573 707 , 549 J239 a0, 41 61,3
. (€3 27.26  33,1% V141 V01 15.14 22.57
. e __{Ay 30,41 565 874 .B99 \B45 o6 35,38 SE. 16
(B 30,41 35,66 . 723 769 &%4  .3B3 45,77 64,9
D) 30,41 35,46 151 -, 002 14,04 17.42
) thy 33,14 38,41 .24 971 L#02 L342 17,58 54.92
(%) 33,14 Za.4l ,747 .88 714 .374 23,155 £4.41
(C) 33,14 7B, 41 .187 . 008 17.61 17.15
th)  I6.07 41,30 248 998 .91 . 393 18,97 57,79
(E) 24.07 41.32 747 ,826 V7t 378 24,04 £1.66
(C)  15.07 41,37 .22 ,01S 15.79 23.25

- 39 -



APPENDIX Al (CONTINUED)
TARULATED TEST RESULTS : RUDDER No.3

DAFH € 21 » 1 1

R bgewre WIND TUNNELCRUDDER=DATA ANALYETS. - w4k

- RUDDER NUMFER
. TIATE OF TEST
. . WIND SFEED

oM

3
10/8/ 77 12/8/77
I1.49 MG

AA=RUDDER ANGLE: ALFHA(LEG,)» AD=RUDDER ANGLE,DELTA(DEG.)
CL=LIFT COEFFICIENT:, CN=RULDER NOFMAL CGEFFICIENT
ew . . .CY=8HIF NORMAL COEFFICIENT, CL=BRAG COEFFICIENT
CFC=C OF F CHORD(XC)s {FS=C OF P SPaN{XS)
ALL COEFFICIENTS RASED ON YOTAL AREA OF RUDDER FLUS SKEG

(AY=RUDDER FLUS SKEGs (R)=RUODER ALONEs (C)=SKEG ALONE

_REYNOLES NO. =  B&00Q0

. SKEG ANGLESsRETA(IEG,) = 4.735 A
e« . AA an cL CN . cY . . CDh .. .CFC _CFs
R . {A) -5.34 -10,09  -.121  -,12%  -,114 044 38,13 57.41
- K (B} -5.34 -10.09  -.,134 -,135 -,132 015 31,33 51,42
e ACY 5,34 ~10.09. W83 L ... .031  -23,9% -4,73
XAy m2.77 -7.52 -.024  -.025 _-.021 .028 45,28 76.5%
(EB) -2.77 -7.,52 068 —,0886 -.06& -.003 24,13 43,11
AT 22077 ~7.52 . .042 . . .031 12.59 22,81
e A =22 -4,97 _  ,044 044 (044 .022 2.0z 42,89
(B) -,22 -4,97 -,008  -,008 -.009 -.,007 23.8 -40,51
e _(C)_~,22 . -4,97 _ ,052 Y -2 11,41 29,29
________ (AY _1.83 -2,92 L1053 V104 107 021 15,2 47 .49
(B} 1.83 -2.92 L0489 . 089 048 -,008 22.54 71,59
. e . (CY 1.B3 2,52 .034 i . 029 2,45 3.82
e e coemenemaL 0SS L e CRY 4,91 14 .215 217 217 028 19,581 49,5
e - : , (E) 4,91 14 W12 119 .12 -,003 2&.14 48,34
- : N e tC) 4,91 16 L0935 - ‘ L0321 11,42 24,37
. . . tmy 7,48 | 2,73 L3046 .308 .308 1035 21.62 51.5
- T s - (By 7,48 2.73 1191 1191 1191 014 30,07 65.87
- --‘i . o o . _tcy 7.a8 2,73 115 . ) .021 7.7 28,32
v . .. tAy 10,08 5.31 .411 L414 L 415 058 2%.55 50,87
(K} 10.04 5,31 .263 V264 264 031 33,45 82,64
(€Y 10.08 5.31 .148 025 11,58 30,52
... tAa) 12.82 7.87 .49 454 .4%4 . 072 27.05 51,12
(B) 12,62 7.87 3232 .329 V324 061 35,38 &1,65
; L (LY 12,82 7.87 167 ) 011 10.87 29,96
T A 15,17 10,42 552 .558 .558 .058 28,45 51.17
(B) 15,17 10,42 324 392 .3B% ,0B2 346,09 63,44
4D 15417 10,42 1158 \01é 10.93 22.1
LAY 17,75 13 (663 W67 671 J124 29,49 S0.34
(F) 17.75 13 L432 .444 439 .107 36,549 44,15
(C) 17,75 13 L3231 019 15.45 23,41
tR) 20,31 15.5% 745 V754 . 754 J16é 10,82 50,82
(F} 20,31 15,56 .514 .524 , 527 .122 38,25 59,57
- (€} 20,31 15.5 Nt : 044 14,21 I, 632
. tay 22.8% 18,1 797 811 .21 198 31,77 52,94
(B) 22.89 18.1 559 576 .57 ,157 38.67 42,45
ACY  22.8% 18,1 218 .041 15.37 28,91
. Ay 25.39 20,44 LB53 \B&% T3 et 34,03 50.8_
LBy 29.37 20,64 62 L ET 635 .21 39,8 62,19
€y 25,39 20,64 .233 1019 18,24 17,56
. Ay 27.93 23.18 DY (93T 524 .288 315.09  52.03
tR) 27.93 23,19 JFOT L7346 723 .218 42,75 57,45
Cy 27,93 23.18 (199 05 7.26 32,32
LAY 30,48 25.73 \FET 583 , 734 .314 5,23 51,09
(B} 30.43 795.73 735 V773 755 . 275 42,57 57,04
(C) 30,48 35.73 V232 139 10,07 23,43
_ tA)  3n.79 22,024 T 1.627  1.008 174 14,18 55
(k) 32,97 28.74 77 LE0B 794 135 43.95 57.8%
Ly -32.99 03,04 JE12 .37 6.24 48,55
() 35.35 0.4 V79 878 .82 404 38.77 a7, 0n
By 35,35 6.6 /555 V647 .563 37 a47,48 $4.54

0y IT.IT 30.4 2235 034 14.21 18.71



r e

(R

L MG

L i

e e e
T v

“THIND TUNNEL RUDDER DATA ANALYSIS - . - T

WIND SFEED

T T REYNOLDS MO,

a4

T Ay Tis, 72

fR) -15,72
ey -15,72
T Ay R,
(E) -13,15

(Cy -13.1%

tE) -10,%9
ey T19.59

4K} -9,02
(cy -g.02

T RUDDER NUMBER = - 3
v’ _ UDATE OF TEST

. P i

ca LO/RITTLLLAL7T
2, 43,49 HIS - :

"'SKEG ANGLE-BETALDEG.) = -10,

=" 117 7
Al “er
~5,47 -é21
“S,47 -,283
-5,47 -,238
C-2e -,527
-2,9 -.32¢9
-2.9 -.198
.34 ~,447
- X4 -. 249
-, 34 ~,198
2,23 - 356
2,23 -.178

2.232 =178 -

- TAY ~5.a5 77 agl
_ {R) -5,45 4,8
fEY =5,45" 4,8
] €3y -2,88" S17s
__tR) -2,8B_ =047
“' (CY 2,88 -.128
TTTIAY TS T 994 -.084
____fBY W31 9.94 .02
ey =31 e, 93 Zina
Ay 174 T T TiiTee” T oy
(B} 1,74 11,99 .08
T (C) T 1.74 TTTa1.99 1,097
TTTTTTeAY T4.83 77 15,08 7 7L108
___4m) a.B3 15.08- 157
Ty 4,83 15,08
T AY T 2,280 7T 17,43
(E) 7.38 17,43
() 7.38 17.63
T ey T e,94 29,19
cmem - dR) ®.54 20,19
£y 9,94 20,17
T Ay Ti2.av 22,79 317
e GBY 12,49 . 435
(CY 12,49 -.03%
T Ay T is.0s CLa1s
e . (B} 15,04 393
(L) 15.06 023
T TTeay 17,83 27,88 L 508
______ LIE)  17.63 “7.83 849
) 17,43 27,22 059
T Teay 20,15 533
_ iB) 20.15 517
() 20.15 .014
- Ay 22,71 611
el Lty 22,71 \Sé1
tCy 27,71 VS
chy 05.27 L 687
. () 29,27 V611
cy 23.27 074
“ray om.01 19,27 L7459
tRY  28.93 18,73 J6h1
i) 29.03 8,25 L1008
Ry 30,99 41.24  -.BS
L} 30,99 41,24 .73
€} 19,79 41,2 .12
- 41 -
e e ep e e e e T

ER
s
oF

CAMSRUDDER FLUS SKEG. (B)=RLDDER ALDNE:

HORMAL COEFFICIENT
DEAG COEFFICTENT
P SFAN(ZS)

25 e T
TeN T T Tey 7 e
-, 632 =433 7 127
-, 3%a | -, 392 ,093
T.034
-~ EF6 T -,535% L0998
- 3T4 =, 3FT 04
,020
~,453 -,a53 075
- 251 -39 0332
JD4T
-.34 -,356 L0572
178 -,177 011
1041
T-.273 ,03I?
-.112 - -.901
04
=176 7 -,177 037
- 047 =, G4 ~,008
Y5 £~}
=084 7 —,087 0 7 024
.32 LO21 =, 005
Y & £
STo1aTT T o , 032
.08 JOFF -, 007
) - T ooze
1111 11 WAl
158 152 VAL
L0324
T L1582 . 055
V207 195 VOT4
019
.262 234 072
.29@ ,282. 044
VD24
,329 294 091
V343,338 071,
02
Lar T T e T
404 L17 o7
018
524 277 L33
, 458 419 L132
JOGL
551 , 498 L147
535 VAET L139
ang
,434 \55% L 182
583 523 17
V012
.71 .64 L 209
Yy 544 V205
(G03
. 798 L714 247
693 V61 L2123
D14
882 .785 297
773 649 . 2986
W01l

AA=RUDDER ANCLEALPHACDEG, ¥+ AD=RUDDER ANGLE:DELTAITER,)
e . w CL=LIFT COEFFICIENT. CH=RUL
. CY=SHi{F NORMAL COEFFILIENT-
L OFPC=C _OF ¢ CHORDC(UC). CPS=C -
ALL COEFFICIENTS BASED ON TOTAL AREA OF RUDDER PLUS SKED

{0}=SKES ALONE

Teee crs
24,14 Ta9,02 7
12,95 45,90
7,75 20,907
T21.26 77 49,43 77
IN.07 . 63,25
£.7% 25,42
18,74 47,53
24,01 6,87
2,79 T21,49
14,74 48,49 "
22,81 70,77
7.02 “23.28 77
11,79~ Ta4,e9° "
190537 _ 75,95
£.8 22,34
5.48  Ta1,87
10,34 102,71
4,53 77 20,36 77
“17.77 UFi,a48
47,47 -Ta,1¢ b
3,57 ° 18,95 777 -
TT17s.99 7 TE2R. 82 T i
42,45 32,69 B
6,32 “T22,5 T v
[
£2,5: 54,6777 -
41,38 42,14 N
-2,4% 9,87 T
51.91 ‘sa.ze’
40,95 52,07
-28.75 7 7.44
244,54 57.28
3I?.58 52,94
-2 20,19
42,84 S4.92
IR.B2 32,61
7.56 . 14,3
45,55 53,5
39,27 55,43
70,29 2%.32
39,3 S5, 41
37,532 0,19
77.41 33.27
19,48 59.£3
ip,s1 | 57.77
19,12 156 .01
12,08 53,758
17,34 €9,53 .
21,4 51,59
37,92 51.6
38.94 &2.7
2%,18 -4%.77
17,9 59.43
40,62 83,52
19.71 31.7%
18,22 55,7
41,17 £2.2
19,22 35,16



Cul Mkl

Cor A e
29- dun-28

WIND TUMNEL RUDDER BATA AMNALYSIS

3
11/8/77+12/8227
1,37 M8

RULDER NUMEER
. iaTE OF TEST
WIND GFESD

U % a

AASRUDNER ANGLEALFHA(DES, Y« AD=RUDLER ANGLE:DELTACLES, Y

CL=LIFT COCFFICIENTS CH=RUDD
CYs=SHIF NORMAL COEFFICIENT.
CFC=C _OF F CHORD(EC) . CEG=C

£o=

ER HORHAL COEFFEICIENT
el COEFFICIENT
OF F SPAN{ISY

ALL COEFFICIENTS BASED ON TQTAL AREA OF RUDDER PLUS SKEG

TTUAY=RUDGER PLUS SKEG, (B)=RUDDEK ALCNE:

{C)=SKEG ALONE

REYNGLDS NG, = 890000
TTTTTT GKEG ANGLE(BETA(DEG.) = ©,75 o
TN T T ae AR < N
T ety wmL 32 “15,07  -,099 1,103 -,0¢
e (EF) -5,32 -15,07 139 L1330 L14B
(€) -5.32 -15.07  -.218
TTTTT YAy -2.75 -12.s “Lo02 o 007
e tRY -D,FS -17,8 ~.0B -.08 -.078
(L) -2.7% -12,5 . 082
T Ay -8 we,93 " Lo8¥ 087 .09
e (B) —.1B _ -9,93 -.018  -.019 _ -.02
i) -.18 . -8,23 . 106
T (AY .84 -7,89 .149 W13 T st
(B 1,86 -7.80 04 .04 039
(c) 1,86 -7.89 1109
T A a.maT T —aeT T s et - e
o CE)Y 4,93 __ -4,81 __ 113 __ 113 111
(€ 4,94 -4.81 y138
TUUTTIRY TsT T —aea” .348 L3577 L3an
tEY 7,51 -2.24 .18 16 179
(c) 7,51 -2,24 (148
TTT{AY  to,08 L33 . 442 L4487 L a44
. XR)__10,08 _ .33___,252 - 255,253
(€Y to.08 L33 .19 '
TUTTTURY 13066 2091 T 5417 U544 T 5a5
e LB)_AD.44 2,91 .32 L322 120
()Y 12.8é 2,91 221
Tiay 1s.m 5,44 612 L&15 619
(B 15,21 S.44 _  ,3BB_ 393 394
€Y 1%,21 5. 46 ,224
T Ay 17021 a.06 | ,742 AT rERT
_ (B) 17.81 8.06 1445 L A55 1454
(C) 17.81- 8.0% 254
TR 20,33 10,58 L7er | 772 Jrel
.. AE) _20,33 . 10,58 534 , 549 , 549
ey 20,73 10.58 .231
tay 22,89 13.14 .85 253 871
¢B) 22,89 13,14 V552 572 .57
- ey 22,89 13,14 298
LAY 25,44 15, 4% 900 937 .94
CR) 25.44 15.49 601 4633 L6328
C) 25.44 15.69 .308
T (A) 27.98 18,23 LR 1,001 1,098
(K} 27.92 12.23 . 482 V787 \71
“4gy 37,98 18,23 .29
TLoey zo.: a6, 7e 1,071 1,061  1.971
27Ty 20,53 20,78 V468 ) L 704
<C) 30,53 20.78 V343
T Ay 13001 ¢ 23,264 1,003 1,053 1,082
. tky 33,51 23,74 .73 .7 772
€C> 33,08 23,24 L374
T fa) 35,58 25.83 12105 1.148 159
. tE) 35,52 25,83 .73 .BA2 .B27
(Cy 35,52 25.83 .27
(A} 37.84 28.09 . 782 .9 847 -
CR)  37.24 28.09 492 . 625 .54%
«C) 37.94 28.09 .29
— e - 472 -

152
+133
019

1205
4163
1042

.27
207
+0é1

» 304
1244
06

crc T ces ’
Té0.02 56.3
35,15 ~110,04
4%,93 -38.%
“21804,8 -4173.48
34,57 37,95
e 30,53
-3.34 " 40
50,75 =03,52
7.23 28,39
9,88 Ta%.12
19.45  ®3.1%
4,83 27.54
T 13.¢5 44,91
22,48 74,57
2.3 22.94
17.8° az7.27 "
25,15 70,13
F.99 T 23,04 7
20,346  as. 15
29,47 57.12
B.33 Tzs.4
23,47 T TTag, 16T
C 3321 68,28
9.44 24,21
35,26  a9.93
L ZALE7 E4.T7
2.94 24,57
27,38 T a8,5
34,11 62,44
14,18 18,73
TThg.7a S1.84
37.93 i1.6
7.32 24,48
30,17 51,82
18,8 56.65
14,04 23,51
11,09 49,31
41,52 43,59
1£,23 19,45
33,74 48,54
41.85 64.5
14,97 10,45
34.44 49,46
48,24 54,78
14,14 18,03
25,65 £2.,75
48,7 60,28
16,24 ES
35,87 S[.31
44,08 53,5
15.27 14,71
37.03 AS
2B .66 S&.24
12,77 20.52




L ek - .o S ’ . b a -
A R ) IXPEHSBHJII( Z%l (CJJPEPIDHJEI) ';: ST e e o - O T B
i : g P o Fareseies m-swm-miué- ; - ot

I e T L PR
-ﬁ C O WIND TURNEL RUDLER [ATH ALt SDS
. : e e e eaw - e i Lt e s
: R = 3 AT - =t
e ”*- E 10/8/77 L278/77 . N
! WInl EFE a2 42,95 M/S
B AA=RULDER ANGLE: ALFHACDES . }s ADSRUNDER AHGLESDELTACDES .Y o
- COEFFICIENT - c : -
FoNGRAAL COEFFICIEN > €0
I z ﬂF FOTHORDIZC) FOTPSH{YE! - :
DEFFICIENTE BA SREN OF FULDER FLUS SNEG
. S yeRUIBER PLUS SNEG: (F)+RUNDER ALONEY (C)=6NEG aLong T 7T S =
TREYNOLDE NG = .116E 7 - = - o
TT TTUgeEe ANGLEEETACDEG.? = —15,25 A ]
TTTTTTOT Tay o T an T oL S on Ters T T
T Ay -20,91 -.B74 -,8E -,89% .197 45,33 .
LRy -I0,34 ~,828  =,347  ~,549 158 65,59
TTTTTT ey -zaLen ~.345 V042 20,94 :
) —7Fe —.7e =.7ed 18 Tt ompar T
. —. 467  ~.4FE  _—.AF73 8t &%, 7L -
4 -,312 25 23,27
" ! [ -
* “49s [ -,70a -,703 13 a3, 15
. C—.404 —.413 | -,.412 0 .0a8 44,58
. -.291 42 25,01
: SLee4 T-,a01 7 T-,508 L0879 IR, 74 47,25
: - 18 -,321 . 3t9 L5 27021 68,63 :
4 - 278 '“ 043 5,81 23,57
oL Sava T e.409  -,a47% 073 T T15i:2 0 a7.o7
w,24%  —.,234 .7 L 027 24,47 71,74
' -1251 T T L0ad k.52 23,65
ZoagT TSlany T =La0r T TL,e5d TTizisl T T4%.EB
177 —.175  -,1372 008 30,87 74,708
- - S R P VR S0} taz.es T
- .77 =, 309 —o,zes’ T 08t TTe.37 0 T
9,77 —,103 -.103  -.001 17,3 )
. .77 -.202 ) ,042 ~ =3 :
R 7 ray T IoerT T 12,340 7 - 212 -.213 77,213 L0327 atax Ty T
' () -7,91 12.24 -,041 ~,041 -,038 -,00F _.&8 124,53
ROy 22,810 12,340 - 17 037 2,47 22,67
R - LR TR eyt g T gaTen -ipi2 Tafiz Toaiis T 0280 Toig,52 0 F1L9T .
. b {EY -, 37 14,92 V031 X L631 =, 003 58,17  =30,19 )
T : - ey ~,33 14,92 -, 143 LO31 2,72 15,12 s
3. ’ ek _] - AT 1772 7 1a.97 o, 1,038 -.04t 3T Fioa.d3 T 904 T
(E) 1,72 15,97 058 L098 \H95 =002 2%, 01 25.47 .
. ' ' - Toamy .72 16,97  ~,137 032 4.1 22,48
s B = - — . ———— o e e e . '™
; cay 4,82 20.07 ,088 092 V071 052 20,94 §3.8%
o (EY 4,87 .. 20,07 - .17 .- 173 - 181 L01F 44,07 - 44,58
oy 4,82 20,07 -,603 033 -4,4% 28.17
ST T Y ay i34 21.s Tlis T 12T 096 056 74.87 £1.22
Y A,T4 104 W27 4Z.73. __az.98 _
- () 4.34 -,074 _ .025 -%.4Z 28.42
T RY 7aas Jme T TLias T Latw
B ZES ,227 e TR 25
ey 7,35 ~.0%
DT T ey T eles 25,18 243 o=z L zia
v 4y g.F3 _ 25,18 297 302 273 .
Cy 9,53 25,12 -,054 - 3
’ ' L) 27.73 332,347 105
Lo iE) 27,75 VIA7 157 VIET
e} 27,75 -.013 0323
7T e 39 .423 Ja12 0,377 J113
: (B 30 .41% S 104
30

et amnd

{47
B
L]
LA
(R
(4]

i)
%)
¥

i)
[§:H)

17,58
17,528
17,578

32

12

I3

we 32
35,34
3T, T8
I2.42
Ig.1z
33,173
41,11

b
s
[

31,11

' 422

433

509
+4B83%

588
529

143

+ 224

14
14
025

43,39
37.17

W141 82,273
35.52
018 ~7%.83
. 18é
177
SO0

40,99
3¢.8
73.89

40 .88
40.4
48.5

21
14

- ———

-157.43

59.%7
57.43
~55.5%

61,14
60 .32
-31%.1

59,33
$0.86
.75

%9.57
62,79
26,14



i _ APPENDIX Al (CONTINUED) . .

S WIND TUNNEL RUDLER DATA ANALYSIS ToTTh e - ”
) RUDDER NUMEER = 3 o ~ ; o "'__
) DATE OF TEST = 11/8/77, 1076477 L i .
WIND GREED = 31.54 B/S : .
0T TRASRULDES ANGLE.ALFHA(DES,) s AD=HUDDER ANGLE:DELT4(HEG. ) T
. L CL=LIFY COEFFICIENTy CN=RUDDER NORMAL COEFFICIENT N .
CY=SHIP NORMAL COEFFICIENT. CL=DRAS COEFFICIENT )
- - CRC=C OF P CHORDCYC): CFS=C OF & SPAN(TS) . e
ALL COEFFICIENTS FASED ON TOTAL AREA OF RULLER FLUS SKEG
T tA)=RUDLER FLUS SKEGs (BY=RUDDER ALONE. (C)=SKEG ALONE oo o,
77T REYNOLDS NZ. = 580900 T ommm s e e
T T GKEG ANGLE,BETA(DEG.) =  14.75 T T T e e
. T T aa AL Tee 7T oenTT T oYy T o T gee crs L
. T Teay -si37 -20,12 -,15& £138 -,142° Tlo33 Tés.a7 T sy
ety -m, 37 “20,12 | ~.172 =173 -, 16l L024 | _T9.05  al,3 .
] (C) -5,37 -20,12 014 : w009 T Jtes, a5 283,52
T TTiaY -2,78 ~17,53  -,035 0386 T -,027 7T Thas T 1sm,as Tzl ae
T .. {E} -2,72 -17.53 —,102 ,102 . -.096 . 01 33,78 29,21
.. ¢ €y -2,78 -17.53 .067 015 23,29 £5,03
o . .. :
R (AY -,17 Y3 W11 W14 027 32,87
L AEY —,17 =033 O3 -.032 o L -24.44
(cy 2,17 144 N 24.872
. A1, 80 18 yim V181 028 77 3,42 az.07
o By 1.E9 L021 W21 02 -.002 _ -2,%8 192,85
) 1.87 13 L0 5,99 25,09 .
CTTTTTTEAY T AT 286 TTlzER T .zes T Toza TT11.92 T 45,95
P AEY . 4,97 101 101,097 0O 24,62 27,45
(Cy 4,97 185 .34 4,53 3.35
T TFosdT TL3ve L2381 v 039 14,45 34,347
B} 7,54 7.a1 17 Vi7 L1586 ,008 23,03 7.0
(Cy 7.5 -7.21 200 L0531 7.49 21,18
) . TTTTTTAAY Tiolil -aBa 474 V276 471 053 47,517
. o GE) 10,11 -4,44 . 245 . 245 .zat L0201 70,3
e R 10,11 ~4.54 L2329 .032 23,57 .
i . (A B85 7T T Be T T iser” T Tieds v Tag.58"
3 . o E) -2,08 J317 V318 JTe 043 . ip.34
. €y 13,49 -2,04 253 . 028 24,71
* : i
) . TS T S W CIY Yo 097 77 23,72 48, 2%
- I -1 /51 L JI93 392 V023 23,03 £8.5
- I .54 73 .93 a,é 23.17
T RY THAVRET 3,07 T T 7t Thzez T 76k Fizg T o2a,230 7 swasrT
(m) 17,82 3.07 457 254,454 0693 34,54 57.58
C; 17.82 3,67 314 032 10,43 22.73
T TG 20,427 sk7 0 T Tes2” T sms U VESAT TT.ize T T 3a.77 T auis
. - e AE)__ 20,42 TLET . .52 53 .531 J121 | 37.17 §4,33
(C) 20,42 5,67 Y 048 [R-F 18,08
T AY 22088 Teaad T Lesr T mer T de L31 25,95 | 47,57
e £m) 22,93 B33 575, VTBB__ _.592 W 14F  _ 3F.a: 63,57
' €y 22.53 6,03 . 385 068 13,41 23,35
T Ay Eg5.a7 9527 Tees T 58T ‘248 C 17,07 13.38
s __fB)__35.47_ 62 639 . 644 Vi85 40, 9T 4s.76
. ., (6)  25.47 .332 V043 15.53 12,48
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