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E.J. Andrews, B.Sc.

SUMMARY

- -

The handling qualities of hovercraft indicate the neecd for a better
understanding of the influence of the basic aerodynamic characteristics.

This report ie the first of a series in which the aerodynamic
characteristice of hovercraft shapes are studied with particular reference
to current design variables starting with simple solid block models and
progressing to more sophisticated hollow models having cushion efflux and
air-induction.

This work was conducted under contract for the Ministry of Technology,
Ref. Contract No. C1110.
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List of symbols
C non-dimensional force coefficients along X, Y and Z wind
D, X, L
axes
_  Force (1b)
T $pVELE
Qﬁ - non~dimensional moment coefficients about X, Y and Z
n T wind axes
_ Moment (1b ft)
T SoVtb=
b overall beam, feet
L overall length, feet
R non-dimensional Reynolds number = _EL
v flow velocity, feet/second
p density, slugs/cu.ft.

viscosit 1b secconds/sqg.ft.
3 4



3 Introduction

Rece¢nt and rapid advances in hovercrait technology and develorment
have made it abundantly clear that as yet a full understandins of the
handling qualities of the amphibious hovercraft is far from complets.

These handling qualitics encompassing all aspects of stability,
control, manoecuvrability and performance depend upon the interaction of
three effectes; namely, aerodynamic, hydrodynamic and air-cushion effects.
The last of these three effectz is reasonably amenable to analytical
treatment. The first two are at present heavily dependent on experimental
techniques and results. In the case of acrodynamic effectes, the problen
concerns the bluff body at angles of yaw frequently as great as 120°; in
the case of hydrodynamic effectes, the problem conccrns the continual or
impulsive contact of a flexible structure with a liguid medium rather than
the bhetter-understood problem of the submersion of a rigld body.

The substance of this renort is concerned solely with thz aerodynamic
effects in an attempt to evaluate their contribution to the following
unrfavourable handling qualitice that have been cxpericnced to date by
amphibious hovercrafts

4 m

4 ¥

(a) vlouch~in, a vicious pitching-rolling motion accompanying a high yaw
rate that on occasions has resulted in overturning;

(b) excezeive changes of longitudinal trim between up-wind and down-wind
operation, and between propulsive power-on and power-off concditione,
vhich resgult in control difficulties leading to the plouch-in probvlen;

(¢) cross-wind effects which, if excessive, place unreasonable demands on
lateral control devices, particularly so at low speeds if lateral drifti
is to be avoided; furthermore, excesegive deviation from ncutral
weathercock stability, either in a positive or in a negative scnsc

and throvghout a full 350° yaw range, giving rise to control difficultics

(d) momentwa interference between the mutually perpendicular 1ift and
thrust systems which, if excessive, leads to a general loss of operating
efliciency.

W

Such unfavourable qualitics az those briefly mentioned above are
influenced, undoubtedly to some extent not yet fully asscesed, by the
aerodynamic cheracteristice of the hovercraft. With this thought in mind
it was decided to explore the aerodynamic characterictics of a family of
related hovercraft chance by wind-tunnel testingz, in a systematic fashion,
and by altcring such variables as were known (ref. 1) or were thought to be
of gome eignificance. The test programme was developed in conjunction with
the Royal Alrcraft Establishment at Farnborough and Bedford, and with
Hovercraft Development Limited.



2. Wind Tunnel Model

Bearing in mind that the aerodynamic characteristice of thesc hover-
craft shapes would ote gignilicantly affected by the cushion efflux Irom
beneath the ekirt, and by the location of the air-infuction system, 1t was
decided that the overall programme should procced in the following sequence.

(a) 8o0lid modcls of basic shapes.
(b) S01id models with cushion offlux.
(¢) Hollow models with air-induction and cushion cfflux.

Tor the first scriee of tesbte in the above seqguence, on account of
tunnel availability, it was nccessary to restrict the length of models
to 12 inches and to employ the vortex-image “echnique uveing a 'live' model
in the prescnce of an !'inage' nodel to simulate the ground plane.

The R.A.B. tests (ref. 1) had shown the deck planform of the hovercraft
to be of sccond-order aercdynamic cifect. Az a conscquence, and in keening
with contemporary full-scale practice, the solid models were of invariant
deck planform with e 2/1 lengt h/ucan ratio and a 1~/l skirt-depth/deck~
thicknesg ratio.

The eflects o
were the subject o

the following varisbles on asrodynamic characteristice
test evaluation:
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ane of skirt panzls;
lopw*‘va inal edze radiuve of deck;
foredeck lcngth;
height of cwnerqtructurc above deck;
inclination of sidcs of supersiructure;
edoe radil of supzrs tructure.
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The related hovereraft ﬁmﬁﬁeﬂ for

¥ teszts are sghown in
Pig. 1 and typical building blocks for t s

own in Fig. 2.

2.1 Configuration dcs;“nutnﬁ“v

11 coh_lgtra,lon" are listed in Table 1. The conTigurations arz
desc_$9cd by subscripts, or in onc instance by a supereeript, to the basic
desipgnation KFSR, where K indicatcs ekirt with subseripts £ for straight
panels, 45 for panels conetructed from a radive intersceting the ground planc

g i
45°, and 60 For the similerly constructed pancls intcrsecting at €0°.

F indicatic

foredeck length with subserinits L, M and € for long, medium
and shori respecti
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S indicates the superstructure, the inclination of whose sideg are



described by V, 15 and 30; Ior vertical, 15° and 30° reopechively.
Subgeript position denotecs a low superstructurc, and superscript position
denotes a high supersiructure.

R indicateces edge radiil for both deck and superstructure. Suheerivts
of 0, % and F indicate sharp cdree (zero radius), half the full deck edge

radiue and the full (maxirmm obtainable deck cdge radiue resveetivaly.

Hence configuration 13 would he designated K

SFVESOR; neaning -
Ul >

Stralzht panelled sikirt.

Medium length foredeclk.

High euperstructurce with 30° gide inclination.

Half full deck-cdre radius on the longitudinal deck-edge and
all superstiructure edges.

The relationshipe between all configurations are indicated in Table

no

3. Wind Tunncl

The wind tunncl emploved in the zolid model programme was the No. 2
sureonic tunnel of the Department of Aerodynamics at the College of
Aeronsutics. This tumcl has a 37t. 6in. diamcter open-jet with continuous
return flow. With a contraction ratio of 4.3, the 37 HP AC motor gives
a maximm testesection velocity of 130 ft/second corresponding to R = 0.33x10%
per foolb. .

3.1 Tunncl Balance

The tunnel is equippcd with a 6 - component overhead Warden~-type virtual.-
centrz balance having four nanually operated weigh-bdeams cach referenced to
a wind axis system.

In conventional owncration, such as in the measurement of forecs and
moments of Bodies in an airstream remote from ground effect, two modes of
opcration are provided. The Tirst mofe providcs for direct wmeasurement of
1lift, drag and yawing moment with indirect measurcment of crosswind force.
The second mode of operation provides direct ncasurcnent of pitching moment
with indirect nmeasurement of rolling moment. Changeover from one mode Lo
the other lg accomplished nechanically.

. Test Installaibione

In all test installations i live model was atitachcd to the balance by
a small dismeter strut of circular cross-section. The strut was vnlaired
since it was belicved that the length of chord necessary for Tairing, i.c.
approaching the width of the supersiructure, wouvld act as a flow gtraightencr
in cross-flow conditions at large anglcs of yaw, and would influence the
results obtained, particularly those pertaining to yawing and rolling momente.
Strut corrections to resulis are discussed later,



For the measurement of drag, crosswind force, and yawing mcoent, the
image model was ricidly attached to the live model, the balance was operated
in the first node and, after strut corrections had bcen applied, measured
data were divided by two to give results percinent to the live model in th
presence of the image nodel.

For the measurement of nitching and rolling momcnts, the image mocdel
was nguntced on a second strut (SLm lar to the strut discussed above) that
was groundcd to the floor Leneath the tunnel. Between the basee of live
and imagc modele, a seal of ncar-zero stiffncss was used to prevent Ilow
between the btwo models. For thesc tests the balance was operated in the
second mode and, after corrections had been applicd, results pertained to
the live model in the presence of the image. See Fig. 3.

For thc measurement of 1ift, the installation was cxactly the same
as that deecribed in the paragraph above except that the balance was
operated in the first mode.

The wvirtual centre of the balance, corresponding to the centre of
gravity location of the model, was located symmctrically at mid-length and
mid-width in the plane of thc deck surface of the live niodel.

L.1 Strut Corrections

e S e e e

Using configurations K FSB R; with live and image molels rigidly
o 15 2
attached together, and mounted to the grounded supnort strut, all six-comporant

mcﬁc:rﬁmcnt were taken for the oWat >d_ zupport strut throvghout the model yaw
rangz of O to 180 degrees.

As exnected, significant corrections were obtained for diag and nitching
moment . Very small corrections were obtained for 1ift (due to a shoulder
on the balance strut), and for crosswind force and rolling moment (hot}
aprarently due to malalignment of the balance with the tunnel flow axis)
Yawing moment corrections for the strut were nil.

5 Test results

A1) teebs were run at a tunncl eneed of 120 £ 0.25 "“et/ zeond giving
a Reynolds number of 0.77 = 10° based on the overall model length of onc fooi.

The results presented refer to the wind-axie system pertinent to the
balance, and conversion to a model body-axis system has not been attempted.

Hence at 90° angle of yaw, a drag force in wind axes corresponds to a
- b '

lateral force in body ax L, and a ciosswind force in wind axes corresponds

to a longitudinal force in body axes.

A similear interplay between rolling and pitching moments exists. At
g0° angle of yaw a pitching moment in a wind-axis system correspond to a
rolling momsntg in a body axis syetem and viee versa.



The sign convention adopted for the presentation of resulte ie

shown in Fiz. 4 It followe that of positive measurement on the balance
veigh=beame.

Test recults are presented in figorees 5 throush 18.

The absence of pitching and rolling moment data will be noted.
It was determined for all configurations that the magnitude of these
moments was too small for any confidence to be placed in the magnitude
of the resulte.

In the cage of pitching moment for example, the equivalent moment
coefficient for balance sensitivity was * 0.02; the strut moment correction
was - 0.47; and the maximum mcasured model moment (configuration KSEMSISRL)
was + 0.10. =

In the case of rolling moment, the eguivalent coefficnent for bhalance
gengitivity was * 0.0L compared with measured maximum rolling moment
coefficient of approximatcly * 0.08.

While to some minor extent being handicapped by similar lack of
balance sensitivity, test results obtained for yawing moment and crosswind
force are considered reasonable.

Lift results, except around zero angle of yaw, are considered to be
reasonably reliable. As was anticipated it was found that 1ift results
were critically dependent on the effectiveness of the foam rubber seal
between the image and live models. Any untoward gaps caused a spurious
cughion pressure which invalidated balance measurements.

A few tests were made to explore the effect of misalipgnment in yaw of
the live and image models. Differences of up to * 2° had no effect on 1lift,
pitching moment and rolling moment results.

6.1 Effect of Edge Radius
The effect of increasing edge radius as shown by Figures 5, 3, 12 and
15 are as follows:

(1) A substantial reduction in drag throughout the yaw rangec.

(2) A general reduction in crosswind force throughout the yaw range.
With the higher superstructure there is evidence of a scparation effect
with the sharp edge which does not exist for the radiused edges.

(3) Yawing moments tend toward positive stability at B = 0° but there is

little or no effect on the unstable moment at p = 180°. There is a
gignificant reduction in B for zero yawing moment.



(4) With beam winds, increased edge radius increases the 1ift of the

nigher qxﬁ;rﬂtr\c ture vhereas the rcoverse is true for the lower
sunergtruclture.

6.2 Effect of Side IncllnaJion

1

he e % of increasing the side inclination of the supcrstructure
ig showvn in Figures 6, 9, 1k and 15, and is as follows: -

(N

(1) Some reduction in drag throughout the yaw range.

(2) A decreasc of crosswind Torce throughout the yew range most pronounced
when B =30° With the higher suvverstructure there ie cvidence of a
separat;on cffect.

(5) Yawing momcnte tend toward positive stability when B = 0 and azain
there ic a substantial reduction in B for zero yawing moment.

(%) In marked contrast to the effect of edgze radius which shows 1ift
c’fects which reverse with superstructure height, increasing the
guperstructure height decreases the 1lift for all side inclinations.

6.3 Effect of Foredeck Length
The effect of decreasing the forecdeck length is shown in figures 7,
10, 16 and 17 and is as Tollows:

(1) At low anglee of yaw there is a small reduction in drag, whercas
over the remainder of the yaw range there is a general inerease in

- I o
drag.

na

An inecrcasc in croscswind force throughout the yaw range.

—~
e N
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Yawing moments become more unstable at B = 0 hult lese uncstable at
8=180°, There is an increase in B for zero yawing monent.

(4) With the low sumerstructure, 117t is slightly incrcased at low angles
of yaw whcreas, with bteam winds, 1ift is subetant lally decreased.
However, the reverse lsg true Lor the high superstructure.

6.4 Effect of Sumerstiructure Height

The effect of increasing superstructure heipght on drag, crosswind
Torce and yawing moment is one of a general increasc in magnitude.  Albeit,
a sepavation cfiect iz anparent for the hich superstructure with zero edge=-
radius and vertical sides. This separation decreasce crosswind Fforcesz and
yawing moments.

In the case of lift, Figures 1%, 15 and 17 show that, with increasing
guperstructure height, 1ift is increased with large edge radii and the
ghort forzdeck, whereas with zero cdge radiuvs and the longer foredeck the
1lift is Cecreased. However, rcgardiess of the side inclination of the
superstructure, 1ift is decreasecd by increasing the supersiructure height.



6.5 Eifect of Skirt

S b

The effect of different shirts is shown in Tipgures 11 and 10.

The radiveed type of skirt differs but little from the sgtraight-zided
type as far as crozewind force and yawing moments are concerncd. The
general drag level throughout the yaw range is about the sane although
higher peak drags occur with the radiuscd type of skirt.

Lift values at B = 0° and 180° arc significantly higher with the
radiuvsed type of sihirt although beanm wind values remain on the same order.

6.6 Qualitative Tests

Aural tests by means of a stecthoscope were made to check whether at
these rather low Reynolds numbers the Loundary layers were laninar or
turbulent. Characteristic noise clearly indicated that the latter was
applicable.

Teste with tufte chowed intense gcparation and Tlow reversal behind
gharp cdges, particularly those at the bow and stern of the deck and, when
applicable, from the sharp edges of the supersiructure. At approximately
35° and 145° yaw the separation from the leading ecdge of the deck wrapned
up into a vortex causing a considerable downwash componcnt of velocity across
the leeward longituvdinal cdge of the deck.

It was of interest to note that with the straight skirt configurations
even at zero angle of yaw all flow in the longitudinal V betwecen the gkirt
pancls of the live and image models was completely separated over the length
of the model. It will be noted that the drag level at zero angle of yaw
does not change ampreciably with skirt tyne, in spite of the considerably
emaller frontal area of the egtraight panelled type.

All configurations showed extremely turbulznt wakes, their cross-
gectional arcas being essentially the same as the projected frontal arcas
of the nodels. The walkcs extended downstream about one and onc-half model
lengths,

T Conclusionsg

In the light of the unfavourable handling qualiticece mentioned in
Section 1 of tuis report, the following conclusgions may be drawn from the
test results obtained.

(i) While the differing basic shapes certairly have unique aerodynamic
characteristics, pitching and rolling moment characteristics in
themselves are insignificantly small so far as overturning is concerned.
It nust be remembered, however, that the results periain to no-efflux
and no-induction conditions.



In spite of the above, however, what wcll might be gignificant
iz the tenfold increzse in 1ift from head-on to beam-wind conditions.
In a rapid yaw ratc sitnabion, should the leading longitudinal edge
dig-in hydrodynamically, then the 1ift force moment about this cdge
will be additive to the inertial overturning moment.

(ii) Crosswind forcesg, as would be expected, are primarily dependent on the
persinent projected area in the vertical plane. Forces causing
lateral drift can be lessened, howcver, by the introduction of large
radii and by ineclination of the sides of the superstructure.

Ideally, the amphibious hovercraft should possces positive
directional stability in head-wind conditions (normal cruising
operation) and near-ncutral directional stability in beam- and taile
wind conditions (low speced manocuvering, docking, cte.). These
requirements are in mutual acrodynanic conflict - particularly so iT
a fixed vertical Tin is required for positive cruising stability.
However, it would appcar that in conjunction with vcctored thrust or
with a retractable vertical fin, the basic hull and superestructure
configuration could Le designed to exhibit only small yaving moments
throughout the yaw range. '

(iii) Straight panclled skirts of 45° inclination do not appear to have any
narticular aerodynamic merit over the curved type of skirts. This
characteristic ic undoubtedly duc to the severe separation in the
lonzitudinal- V form:d by the skirt.

(iv) The vesults obtained do not lead to any conclusive comments on longitudinal
trim. This subject, however, is part of the suggested follow-up
prograisie described in the next section of the present report. Commente
on this topic would be more pertinent after the completion of the second
part of the overall study.

G Future Develobpmcnts

- G

The following discussion considere in zome debail the follow-up prograrme
believed necessary to ensure a logical continuation of the initial programme
forming the substance of the first half of this revort.

3.1 8olid lModels

udy should be made of the effects of atiitude on

T,
ics of thec solid models pricy to introducing the
T cughion efflux and air-induction.

It is felt that some st
the aerodynamic characterist
more sophisticated effects o

With this thought in mind it is proposed to retest coniisuration KSFHS RF

115
over the range * L4° of pitch attitude followed by ¥ L4° of roll attitude.

The tunncl supoort fixtures used in the initial programme have provision for
% 5° deviation from a 'deck-horizontal' attitude; only simple modifications to



the skirt componentes of the models would be necessary. hz teste would
be run in the same 34 ft. diameter tunnel and the tes% procedure would be

identical to thaet of the inivial tcete.

It is also conegidered desirable that a configuration sghould be modified
to resemble the BHC SRN serics of hovercraft-especially in rcgard to the
Toredeck planiorm. The test results from such wovld provide a valuable
link between all resultes discussed previously and full scale measuremcnts
obtained from a current progrenme at RAE, Bedford.

8.2 8o0lid Models with Cushion Efflux

The method of test for the remainder of the overall programme has heen
given careful consideration. First it was considered undesirablce to
utilize the vortex-image technique with cuchion efflux models, and impractical
to use this technique with subsequent air-induction models. Hence, thinking
in terns of onc 'live' model, there lay a choice between fixed pground-Soard
reflection or moving ground reflection. Disecussions with BAC Warton, who
are experienced in moving-ground techniques, revealed that the prime reason
for their utilization of the moving ground in VIOL transition tests at low
forward speeds, was to avoid interaction between the high velocity/emall
mase flow of the lifting jet (engine) and the boundary layer of the tunnel
floor. This interaction would cause boundary layer separation - a situation
not arising full scale because of the effective absence of boundary layer.
In the case of the hovercraft application, the low velocity/high mage flow
of a peripheral efflux from beneath the skirt would predominate regardless
of boundary layer thickncse, and that as a consequence a moving ground was
unnccessary and that a ground-board reflector would be all that would be
required.

The tecte on a model hovercraft at the Univers 'ty of Toronio (ref. 2)
indicate the effect of ground-board boundary layer to be unimportant and
the unpublished tests at RAE on the HD II configuration (ref. 1) show that
fixed-ground results differ little from moving-ground results, provided that
free-stream dynamic pressures do not exceed equivalent cushion pressures.

Finding no conclugive reason why a moving ground should be used, 1t was
decided to propose the use of the fixed ground-hoard technique for the
remainder of the nrogramme.

For the efflux teste it is proposed that configuration K.F, S RF shouvld
N &M 15

be modified further to provide a plenum chamber in the base of the skirt.

Teste on thie configuration would be made in the same tunnel as those
discuscsed previously. A ginple 'live' model mounted over a fixed ground-
board would be strut-mounted to the overhead balance. Compresscd air from a
source external to the tunnel would be piped from beneath through the ground
board into the plenum chamber of the model from which i1t would escape as a
peripheral efflux from beneath the skirt.



The main object of thesc tests would be to study the effect of the
efTlux on the overall acrodynamic characteristics. It ie believed that
the efflux will interact on the scparated flow under the longitudinal sides
of the skirt at low angles of yaw.

In addition to examining the effects of mass flow it is proposcd to
etudy the effects of efflur location and the effects on differing skirt
configurations.

8.3 Hollow Models with Air-Induction and Cushion
This degree of sophisticatlion ahsolutely precludes further use of
the small so0lid models and it becomes necessary to consider larger models.

Although inlet veloecity distribution is a function of the shape of a
hovercraft, of its forward speed, and its Tan characteristics, it is
believed to be highly desirable that sone basic understanding is obtained
on the effect of inlet location on aerodynamic characteristics.

Accordingly, it is proposed that a representative model, i.e. an

. 1 - . : e
available 5 gcale model of the HD IT, be tested with a range of inlet
locationg on the superstructure roof, =ides and rear. Intakes will be
represented by circular discs of porous material giving a high oressurc drop
under design flow conditions thus ensuring uniformity of inlet wvelocity.

The model would be tested with a ground-board in the 8%t. x 6It.
subsonic tunnel at The College of Aeronautiecs. This tuiincl with 2 contraction
ratio of 7 and ite S00 H.P. variable pitch propellor provides a maximum
speed of 275ft. ver second, or a Reynolds number of 1.7 x 10° per foot.
Thus with the proposed HD II model which is 25 feet long, the test Reynolds
number would be in the order of 4 x 108.

The existing tunnel balance, on overhead automated six-component Warden-
type, has been modifisd for blowing air from models. Further modifications
of gimple type would be required for providing the suction necessary Tor the
air-induction system of the HD IT model. The vecuum punme and tanks of an
adjacent intemittent supcrsonic tunnel might be used as a source for this
suction.

17}
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It is believed that some preliminary tests would be reguired to as
guction requirements and to check the gencral fcasibility of the proposc
induction tests. Thege preliminary tests would be made in the 3% (i
diameter tunnel using a simple flat-plate model.

8.4 Schedule

It is anticipated that the solid model tests described in para. 8.1
will have been started during the current contract period teminating September
30, 1967
- > - 3%



Provided the continuation of the programme is authorized to proceed
without interruption it ie =ipected that the cushion ¢fflux tests of
para. 5.2., and the air-induction tests of para. 3.3., could be completed
by the end of 1968.

The level of funding required to supnort the continuvation of the
programmne will Be comparable to that of the current programme.
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TABLE 1  HOVERCRAFT CONFIGURATIONS

S S e e S e S S e S S E e S

CONFIGURATTON DESIGNATION
1 ‘ KSFSslSB 1
2 _ 1<:SJ?1\1515RT_,=
3 I{SFLSlSR 1
N KSFES]_SRO
% KSFMS:LSRF
& K PSR 3
7 KSFMSBOR%
8 KSI-‘SS:LSR_%_
9 KSI-‘MSlsR 1
10 K S°R,
11 KT, islsBF
12 KSFMSVR%
13 KF, ls-’joﬁ 5
1k XK Fs Ry

as M5 5
25 < S R
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ALL ABOVE HAVE STRATIGHT SKIRT PAl‘fELS

TABLE 2 CONFIGURATION RELATIONSHIPS
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APPEIDIX

f Introduction

——

4

Subseqguent to the completion of ths tests exploring the effectes of
configuration variabhles on aerodynsmic characberistics (Sections 5,6 and
7 of the main report), additional teste have been conducted in accordance
with the supplementary programme presented in Section 8.1 of that renort.
Tuacse additional tests relate to the efifects of pitch and roll attitude
on the crosswind forces, yawing monents and drag forces experienccd by
configuration &nﬁu 1sRF

2. Test Installation

By suiltably removing wedge-shaped sliccs from the skirt componentes of
the lLVL/lma"C model combinacion, attitudes avout the model centre of gravity
of £ 4° pitch Tfrom deck horizontal and of + 4° roll from deck horizontal
could be indenendently provided. The resgulting cavities between the skirt

components were filled and appropriately faired with plasticine.

The model combination was mounted in the tunncl as desceribed in Section
4 of the main report and the same tunnel operating procedvrs was followed
except that, in the case of + L4° roll attitude, the model was yawed through
360“ to obtain data for £ 4° roll attitude through 180° yaw. In all other
tests the model had been yawed from o° to 180°

. Tect Resulte

e -

te Pelalbe o d wind-gitis wrelon of

g in the nain report, all resu
ement.
est results are mresented in Figures 1A and 2A.

L, Discuss%og

It will be seen from Figure 14 that the effect oi pitch attitude on
crosswind force is coneiderable. Over the range * 4° the maxirum crosswind
forces, oceurring at anproximately 30° and 150° yow angle, are virtually
doubled by the attitude changz. Also the yaw angle *or zero crosswind force
is changed by nore than 40°, clcarly due Lo asyrrmetric separation around the
differing Vs beneatn the bow aud stern shkirt-elements vhen considered in heall-

wind persrpective.

=

In genecral, yawing moments follow a esimilar trend; depressing the bow
cesens the inherent directional instability, and raising the bow increases
the inetability. There is a gizeable change in the angle for zero yawing
moment. The effect of pitch zttitude on drag ie that, at =mall angles of
yaw, raising the bow decreases the drag, and depreseing the bow incrcases
the drag. In beam-wind conditions, chenges in drag levels are relative.y
minox.



The general effecte of vnll attitude while measurable are not of
18 jor conseguence. It will be seen from Figure 2A that marinun cross-
wind forces, yawing moments and drag forces are not sicniflicantly changed

-

over the * 4° of roll sttitudc covered by these tests.

2+ 'Dondluslens

(i) Pitch attitude appears to have a significant effect on crosswind
forces and yawing momcnts. These, in turn, influence handling
qualities and it is strongly recommended that tests be made on
the ciffects of pitch attitude on the prtehing and rolling moments
and 1ift forces of configuration K F .S

ST1I 15

(ii) TFrom the performance viewnoint, the attitude for longitudinal
trim seems to be conscquential. In high spced cruising conditions
a nose-dovn itrimed attitude cound reflect adversely on draz lovels.

(iii) The effecte of roll attitude on crosswind forces, yawing moments
and drag forces appear to be relatively innocuous and the
desiranility of cxamining the effects of rcll attitude on the
pitching and rolling moments and 1ift forces of configuration
KSFMSISRF chould be given further consideration.
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FIG. 2 CONFIGURATION BUILDING BLOCKS
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FIG.4. POSITIVE FORCES AND MOMENTS
(AS MEASURED BY BALANCE).

FIG.5. EFFECT OF EDGE RADII ON
Cy, Cy AND Co(LOW SUPER-STRUCTURE)



FIG. 6. EFFECT OF SIDE INCLINATION ON
Cy, Cn AND CpLOW SUPER-STRUCTURE,)
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FIG.7. EFFECT OF FOREDECK LENGTH ON
Cy, Cn AND Cp(LOW SUPER-STRUCTURE)
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FIG.13. EFFECT OF SUPER-STRUCTURE HEIGHT

FIG.I2. EFFECT OF EDGE RADII ON LIFT.

AND EDGE RADII ON LIFT.
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FIG. 14. EFFECT OF SIDE INCLINATION ON LIFT.
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FIG.I6. EFFECT OF FOREDECK LENGTH ON LIFT. FIG.17 EFFECT OF SUPER-STRUCTURE HEIGHT
AND FOREDECK LENGTH ON LIFT.
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FIG.18. EFFECT OF SKIRT ON LIFT.



