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SUNMARY

A series of static itests conducted to esteblisin an efficient form of
flexible skirt for a neripheral jet type of hovercraft is reported. Zne
importance of desagning the periphercl Jet system in conjunction with the
skirt is demonstrated. The resulis suggest that the effective wadlh o' a
flexible nozzlc 1s less than its actual wadih and the discaarge coefficient
requires determining experamentally for cach configuration. I% is concluded
that skirt confipuratlicn werformance is best comvered cn the basis of nower
input to a skirt to generate a given cushiocn pressure for a specified daylight
clearance. The results confirm that ihe skirt input power per unat exit area,
based cn daylight clearance and Jet lengtn, is directly proporticnal to

)
(cushion pressure)”™ “.,

* Replaces R 4, E. Technical Report 66053 - A.R.C, 29356
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1 TITRODUCTION

In recent years intereat has been shown in the possability of imyproving
the cverland and coverwater capability of hovercrafi. It has now becone
apparent that a considerable improvement in perfcrmance can be achieved hy
fitting hovercraft with flexible extensions to the hull; these exteasicns or
skirts are capabls of being deflected whilst passing over an obstacle and then,
by virtue of the cushion pressure and the airflow ithrcough ihe sikart, return to
taeir design configuration. With the original hovercraft ceoncepticn of a
campletely rigid hulled craft the maximum obstacle heaghl which could be
cleared was governed by the hover height of the craft and useful practical
clearanres demanded excessive power; the provision of a flexible sxirt has
meant that hover heights can be minirmised and it 15 nc lnanger necessary to
install power sufficient to give a daylighl clearance equel to the maximum
height of obstacle likely to be encountered., The terms daylight clearance,
ground nlearance and hover height are strictly s;monymous but the Iirst 1s vsed
gencrally in tnis Report since tne others are sometimes used tc indicate the
distance between the ground and +the lower portion of the herd structire of the
hovereraft rather than that of the flexible skirt., For a craft fitted with
flexible skirts the daylight clearance beneath the skiri need cnly be suffacilent
to ensure that the majority of smell surface irregularities are passed over
without rontact and larger chstecles are accammolated by tne siart flexibilaty;
& reasonghle daylight elearance us desirable in order to minumise sldrt wear.
The maximum height of cbetacle whicn can be accammedated 1s ideally the length
of the flexible extension below the rigad vortion of the hull plus tne maximum
daylight clearancc of the craft; in practice thas is not achieved hecause
skirt flexibility does not extend over the whole length of skirt and the skirt
becomes stiffer towards the hull attachment, making deflectzon more diffaicult

and reducing the effective skirt length.

The usual skirt.system empleved on a peripheral jet craft.consists of a
Aouble-welled skirt enclosing the peripheral jet and forming & new exit nozzle
through which the air supply iz fed to form the air cushion beneath the craft.
In addition, if the basin craf't uses an array of longitudinal and transverse
Jets for assisting in msiniaining stahility, or contributing.to propulsion and
control, these are alsc fitted with double wallsé siaris in an attermpt to
retain the criginal funetiems of the jets. The bow skirts have to be designed
eo that they can be-deflevtod jiraris an-contact with an obstasle; tne aft

Bloirts so thol they can be deflected outwards to permit egress of tae obstacle’



and the side skirts and longitudinal stabiiity skirts se¢ ihat they can be
deflected aft. In design allowance must be made for these three daifferent
directions of deflection and vrovisien also made fer centact with cbstacles met
whilst the craft is yawing or side-slinpaing. The aft skart is usually splat
intc secticns to facilitate cobstacle egress and prevent scocping ur of debras;
te same extent this eliminates the necessity for rearward deflecticn of the aft
skirts. In scme cases clesed inflated bags have been used instead of an af't
skirt on craft with low daylight clearance and a tendency tc scecping.

There are many practacal prcolems asscciated with the design of flexable
skairts; the skirt shape and nozzle design must b2 such that severe Tlow losses
are not 1nduced or contrel and stabilaty of the craft impeded; the skirt length
must allew a reasonable obstacle clearing capability witheut raising the centre
of gravity of the craft tc a height where instabilaty beccmes manifest; a rcbust
though flexible constructicn is required, and the materials used wmust have a
high resistance to tear, sbrasicn and exposure to atmcspheric conditicns te
ensure a useful working lafe. The additicn of a skirt te a hevercraft will reduce
the daylaght clearance 2f the same paylocad is tc be carried as cn an unmedafied
craft: to minimise this reductirn the weight of the skirt and its atiachments
rust be low but cnsistent with durability. Skaris have to sceme externt been
regarded as ancillary i1tems te be added to 2 complcted craft and designed
separately; this is an unfertunate situat:ien fer the skirt should be an integral
part of the craft and the ducting frem the fan te the skairt desagned in cengunce
tion with the skirt for maximum efficicncy. A vertiecal discharge from the fen
inte the skirt is desarable whereas for a craft withcut skarts the perapheral
Jet 1s usually inclined inwards for maximum efficiency and the ductang designed
accordingly. The skirt is effectaively a continuation of the ducting in the
rigid hull and terminates in a nozzle discharging a.r ai an angle ‘o the ground.
To maintain the design shape of this nozzle the skart contours are determined by
fabric diaphragms; in some cases 1t 1s possible to replace these diaphragms by
string {ies but, in general, the strings vibrate aal cause {lutter of the skirt
assembly. The saving in weaght through using string ties 1s apprsciable and the
construction a1s alsco easier. The presence of the skirt always leads tc an
increase in flow energy losses which can be minamised by correct nozzle and
ducting design and limitation of the number of disturbance gensrating i1tems, such
as diaphragms, within the skart. Diaphragms are hcwever a disadvantage in that
they impede the propulsion facility orovided by the long:tudinal jst systems of
scme craft and prevent contrel of the directien of the jeb thrust; the effective-
ness of moveable vanes in the rigad ducting of the craft is also impaired and

there is a need for a skirt control system.



The present note is concerned with the reaults of static tests on ,
various forms of fabric skirt. The objsct has becea to assess the nracticebility
of different skirt designs; to find the extent to which the design shape of a
flexible nozzle is meintained, and to determaine a form of skirt whicn does not
induce high flow losses. Little research appears to have been done on the
theoretical aspects of nozzle design for skirt application and even the optimum
jet discharge angle for a peripheral jet craft is a matter for conjeclure:

some designers favour a jet making an angle of 60° with the ground and others
use angles of h5° or less. But, with a flexable fabric nozzle, the jet angle
must change where the skirt is deflected by an obstacle and variations in ine
1ift and stability of the craft will occur; this aspect can only be examincd

by full scale trials with a hovercraft and the skirt designer can only ensure
that the nozzle provides a consistent jet angle when thers is complete daylight

alearance,

The practical aim of the tests has been tc produce flexible extensions
for the Britten-Norman Cushioncraft CC-2 of Naval Air Department at R.A.E. Bedford
and scale dimensions of the skirta tested and the cushicn pressures involved
have been directly related to this craft. The peripheral jet of this psriticular
creft is directed vertically downwards for feeding the skart assembly but some
tests have been conducted using the original hull form with the jet discharging
et an angle of 30° to the underside of the hull. Wuch of the practiscal
knuwlodge gained is however darectly applicable to flexible skarts and nozzles

in general.

Sufficient results have now been cbtained for a preliminary remnert to be
made; the results and conclusions are by nc means final but a better under-
standing of the problems associated with the desagn of flexible skirts is slowly
being achieved. Many of the experiments made have been ncgative or incenclusive
and the test rig has suffered from a range of teething problems. Fundamenial
work on the aerodynsmics of nozzle design is required but this is & long term
project and practical developments are more urgent; the current programme thus
consists largely of a number of 'ad hoc' experiments to determine a skirt with

a reasonsble performance.

The experiments recorded in this Report wers conducted as part of the

research programme at R. & D.E. Cardington.

2 THE TEST RIG

A very simple rig wes constructed initially for the testing of sample

skirts. This rig was designed to accomodate straight skart sectaons of 3 £t



breadth and variable length up to approxumately 16 in. The hull of the hevercraft
wag simulated by a closed rectangular wooden box enclosing a fairing representing
the hull section; 2 rectangular slot 3 £+ long and variable in width from 2 1in
to 10 in was cut in the base of the boex tc form the peripheral jet orifice. A
moulding was fitted on the imner jet edge interier to the box to simulate the
ducting of the flow 1nto a vertical jet stream as in the hovercraft. The base
of each skirt sample was attached to a rectangular framework which cculd be
clamped to the underside of the box so as to surround the jet orafice., A
circular crifice, 8 in in Giameter, was cut in the reer of the box and the air
supply from a small blower was directed through this teo discharge frem the
peripheral jet intc the test skirt and cut via the flexible jet nozzle. The
blower used wes capsble of delivering abcut 2000 cu ft/mn at a pressure of up
to B in water gauge and i%s cutput was contrelled by mesans of a butterfly
throttle valve. The wooden bex was mounted cn top of an open fronted cage with
walls of perspex; the region interior te tais cage and benind the skirt retained
the air cushion fecrmed as a result of the discharge from the nozzle. DSoft

foam rubber was used between the side walls of the cage and tne enc caps of the
skirt section to prevent loss of cushion pressurs. The cage was Titted with a
wooden flcor adjustable in height usaag small jJacks to gave a continucus range
of daylight clearances between the jet nozzle and the floor; fabric €lap seals
were then used between the floor and side walls of the cage to stop eir escape.
To give ground simulation the fleor orojected well outside the front of the

cage and clear of the nczzle. The rig is 1llustrated in Fag.1(a) with a test

skirt in position.

The apparatus was instrumented so that readings of siatic and total head
could be obtained within the bex hwll and in the cushioa area. Total head
readings could also be taxen within the skirt atself at severzl stations by
perferating the fabric to accept small prebes made up of hypodermic tubing for
the purpose; by orienting thc probes teo give a maximum rcading on the mancmeter
it was possiblc teo obtain fairly accurate measurcments. Tne static pressure at
any point in the skirt was ampessible te measure accurately as very small pitot-
static tubes were not readily availsble; & rough measurement cculd be chiained

by helding a prtot-tube normal tc the flow direction but this was very unreliable.

From initial flow surveys 1t was apparent that & very high premorticn of
the total head in the box hull was due to dynamic pressare. The ratics of
cushicn pressure to total head at anput, witn any skirt fatted, were always much
lower than suggested by exponential thecry for a given height te thickmess ratio

of the flexible jet nozzle; a fagure of tne order of 30% of the tneorctical value
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was not uncommon. It was decided tc modafy the inmut system to increase the
proportion of siatic head and this was achieved by feeding the output from the
blower directly into a large settling chamber end connecting the rear of the
box hull directly to this chamber. The settling chamber had a volume of abaud
200 cu ft and contained screens of a fine fabric mesh to reduce the turbulence;
the entry te the box hull was rectengular insitead of circular as before and
surveys of the flew within this area showed that the preoperticn of velecaty
head was negligible and the ear was substantially static until the discnarge
slot intc the skirt was reached and velocity was acquired. The discharge

from the Jjet was found t¢ be uniform aleng 1ts length te withan an inch cr se

cf the side walls.

Ne 1natiel provisaicn was made £or the measurement of mass flew inte the
system but 1t scen became appsrent that, with many of the types of skart
empleyed, it was 4diffacult to determine a true height tc thiclmess ratic for
the nozzle and comparisen between tneory and experiment cculd nct be made by
pletting cushion pressure tc tetal head ratie against the height to thicimess
ratio with any accuracy. An orifice plate meter waz thus incerveratsd in the
cutlet from the blower tc determine the mass flew inte the seitling chamber
and, since the air was virtually staticnary in this charber and the static
pressure there was knewn, it wes pessible te determine tne power input to
the skirt as a product of pressure times velume flow per sccond. As a2 basis
for comperiscen the cushicn pressure acnicved could be plotted agoinst the
pewer input fer any daylight clearance <r per umt exit ayea tr give a measure
of the efficiency ~f different skarts. A sketch of the fairnal test rig used is

shovn in Fag.1(b).

3 FRELIMINARY TESTS

The first types of skirt design on which experiments were conducted are
ghewn in Fig.2. These skirts arc characterisecd by the fact that they nave 2
definaite nozzle bounded by the cuter and inner waills of the skirts and the
gshape is controlled by means of dicvhragms. Skirts ~f this tywe were made
up from a thin twe-ply pro~fed entton dinghy materisl and in scme cases of a
heavier neoprenc-preefed nylon material. Te provide a standard for what might
be termed the optimum performance of a given {lexable fabric skirt configuration
similar skirts were made up frem cardboard possessang natural rigidity as oppesed

to the rigidity of the flexable skirt achicved through pressurisation.

The initial methed used for comparing theory with experiment was the

pletting of cushion pressure te total head ratie, pc/H, ogaanst the nezzle



height above the flcer to the nozzle thickness ratio, h/t, for a given nczzle
angle, 6, measured from the herizontal. Expenential theory gives the relaticn

between these quantities as:-

Po f-2(1 + cos 0)t
E 2§ h } (+)

After some 1nitial difficulties in completely sealing the skirt area cn
the rig, the results of the first tests with cardbeard skarts with 1.33 in
wide nczzles showed that the values of Pc/H cbtained fer a given h/t were of
the crder of 90% of these predicted by the thecry. This was regarded as a
satisfactory demenstraticen of the efficiency of the skirt and nozzle shape, which
had been designed rather arbitrarily in the absence of any zerodynamic data on
this type of nozzle flew. On replacing the cardbeard skirts by similar fabric
skirts the results were disappcinting and frequently the measured valuecs cf pc/H
were arcund 50% of the vredacted values for a gaven h/t. The resulis were nct
affected by altering the width of the perivheral Jet orifice feeding the skirt
fram 2 2n to 10 1n or by shorteming the skirts and retaining the same nozzle
configuration, The skairts of neoprene/hylon fabric were better than those of
proofed cotton and 1t was believed that the improvement was due to the addationzal
thickness and rigidity of this fabric. Attempts were made to stiffen the cetton
fabric skirts locally by adding stiff inserts to the diaphragms in the nozzle,
and card strips to the outer face of the inner wall of the nozzle; this effectively
rigidised the area but left tne majority of the skirt flexable and the result

was an appreciable increase in efficiency.

The main reason for the discrepancy between the efficiencies of the fabrac
and cardboard skirts was traced as a result cof making flow surveys withan the
cardboard skirts. It was deduced from the tectal head readings and the mass flow
continuaty within the tapering cardbcard skirt that the static pressure on the
inside of the immer wall of the nozzle was less than the cushion pressure over a
region extending upwards from the end of the nozzle for a distance approximately
equal to the height of the nozzle above the floer. The affect of this with the
fabric skirt was that the excess cushien pressure ceuld vpartially clese the
nozzle and thus reduce the jet thickness; the momentum discharge ccefficient of
the nozzle was effectively being reduced. Marked closure or constriction of the
fabric nozzle was not evident but it was apparent that there was no tension in
the lower part of the diaphragms inside the nozzle. Attempts to measure the
static pressure inside the nozzle and near tc the inner wall indicated a tendency

for this to be reduced so that a suction effect was produced. The flow surveys

(L]
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also showed that the jet stream closely followed the vertacal ouler wall nf
the skirt whatever the width of the discharge slot and the triangular region
behind this strean was filled with eir apparently at rest. In an atiempt to
visualise the flow pattcorn arising a model was made of the hull and skirt and
floor in the form of a trough with walls representang these outlines; thaiz was
£illed wilh water which could bec rcleased to £lov through the skirt, and dye
was injected to show the flow patiern. It was evident that the jet clung to
the outer wall of the skirt and there was a standing vertex formation between
the jet and inner wall of the skirt; the velccities in this vertex regioen were
much too low to be detected on the prover test rig with the instrumentation

available,

The design angle of the criginel skiris' nozzles was either 300, L5° or
60° but = tendency was alwavs neted fer thas angle to increase with a skirt
fitted on the rig. The exat Jet was videly splayed and the et reaction
conbined with the cushicn pressure tended to make the cuter wall of the noszle
kink and change tlic nozzle angle, particularly when the nozzlc was clese te toe
floor 2nd the cushion pressure was relatively high. Whalst this effect aight
be expected 1ts onset is dalfficuli to predict without a prior imowledrc of the
pressure forces acting on the skirt and their distributien. It is practically
important that nozzle distortion should not occur and that the pressurisation
of the skirt should be such that it tco is not dastorted from the design shape
by cushien pressure, jet reaction or dynamic pressurc due to forward moticn of
the craft. The stiffness attainzble with a skairt i1s & functicn of the internal
pressurce and its stabiliiy in buckling depends on the ratic of its Iongth te
base width: the practical limit for this rat c avpears te be abcout 1.5, Fith
16 in leng skirts on a 10 in base the ocuter wall of the skirts nesrest the hull
attachment points tended to rise up over the hull, effceeotively shertoning the
skirt and causing a change in nczzle angle independent of any kinking at the
nozzle due to lccal buckling. In all the experiments carried cut the wide
splay cf the ncozzle exit get made it impossible to determine a true noezle

angle and mean values had to be taken,

Many variants of the akirts shown 1n Fig.2 have been triued: nozzle angles
have been changed and the width varied; diaphragms have been completely or
partially replaced by siring ties; partial diaphregms end porous diaphragms
instead of full diaphragms have been used; skirts have been shortened in length
retaining the same nezzle geometry, and the width and entry angle of Lhe feed
slot have been changed. The results obtained from these modifications to the

basic type of skirt with definate nczzle were not encouraging: marginal
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improvements were scmetimes obtained but in many cases the results were
considerably pcorer. Cylindrical skirts with and without tavered nozzles and
horizontal diaphragms as shown in Fag.2 were also tested and some typical
results of tests with these skirts and the long-nozzled skiris are shown in

Fag.3.

L THE DEVELOPMENT OF AN EFFICIENT SXIRT

It was evident from the preliminary tests that there were seracus
discrepancies between the perfcrmances of rigad skairts and flexaible skirts of
the same configuration and that the flexable skarts weuld reduce the daviight
clearance of a craft appreciably. Since the objeclt of the tests was to preduce
a skart approaching meximum efficiency, and not gust a skirt givaing marginal
improvement in obstacle clearing capability, efiort was cencentrated on finding
how a flexaible nozzle could be designed so thatl it dz2d not distert or how the
problem could be aveided. Although improvement was obtained by loczlly stalfen—
ing the nozzle area this was not felt to be practicable as 1t was detrimental
to the essential feature of flexability and could be expected to accelerate the

wear rate of the skirt.

It was decided to cut back the inner wall of the ncozzle in stages to find
where nozzle closure ceased to occur and the stages of cutting~back on a long-
nozzled skirt are shown in Fig.h. The cutting bacl: process no longer allowed
the clear defination of nozzle width and the plotting of pc/H against h/tad not
represent a useful means of comparison. A new basis fer comparison was sought
and the most practical was found tc be the plotting of cushicn pressure agaanst

power for a given clearance height or per unit exit ares.

The effect of cutting back the inner wall of the skart of Fig.lL is sheown
in Pig.5. There was a gradual increase in the cushicn pressure achieved for a
given power input as the skirt was cut back; tnrs was less marked at the 2 1n
height but was clearly defined at the L in and € in daylight clearances. The
improvement levelled off when the curved inner face of the nozzle was completely
removed and no improvement was gained in cutting back furtiher, as i1s shown in
the upper curve of Fig.5 rclating to three successive stages. In the final
stages of cutting back it was apparent that the skirt with a single outer wall
at its extremity was not practically uscful as thas feried a scoov and was
easily damaged by the exat of an obstacle. However, since the cut-back nozzle
gave such an improved performance the skirt was redesigned sc that the inner
wall of the skart was without curvature and the cuter wall did not extend to

form a scoop. This re-designed skart and nczzle iz shown in Fag.6 where the nozzle
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is effectively only a slot. Further experaments were carried out with this
skirt by cutting back the straight inner wall; 1t was found that once the exit
hole size exceeded 1.5 in there was no imnrovement in the cushion pressure
achieved for & given power and it was immaterial whebher or not there was an
inner wall, The results of these t¢sis are shown in Fig.7 where the

experimental points follow the full lines with negligible scatier.

The implication of these tests is that the simplest type of sidrt is
one consisting of a single outer wall with 1ts shape retained by diaparagnms
attached to the craft hull inboard of the feed jzt. Iowcver it has already
been remerked that this type of skart tends to scoop up water and debras and
catch en cbstacles, but by making the sxart in small soparate individual sections
or convolutes which can flex outwards locally, without excessive loss of
cushaen pressure, mach can be done towards eliminating the practical problems.
This particular anproach has becn adopted to some extent by both M.D.L. amd

Vickers in skirting systems.

5 COMPARTSON BETWEEN 'HECRY AND EXFERTMANT

It 1s difficult to obtain e savisfactory direct method of comparing the
experimental results with theory. It is evident from the results of cutting
back the inner wall of the leng-nczzled skirt and the re-designed skirt with
gtraight inner wall that the actual jet thickness to be used i1n any theory is
not necessarily the width of the skirt exit nozzle. It can easily be shown
(e.g. Ref.1) that for a given configuraticn the power required is directly

5/2, but the factor of proporticnality is a function of the

proporticnal to P,
Jet thickness and ctuner geometric cheracteristics and its magnitude is
different for the twc prineipal perivheral et iheoraies currently in use. By
determining the critical values for tae faclor of proporticnality geometric
parameters can be chosen such that the power reguired for a given cusinon
pressure can be minimised. It 1s with tins coptimum situaticn that the results

obtained in the present tests have been cowrpared.

On the momentum theory, in which it is assumed that the stztic pressure
in the peripheral jet is the mean of the cushion and atmospheric pressures, it

can be showm that

=
o
[y
i
—~
a9
~—

where X = %(1 + cos B) (3)
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and. the power required is

3/2
€n p
P = —— E'*lx] (L)
2p% (1 + cos 6) xZ

where ¢ 1s the jet length and p the atmospneric density. For given values of

o
the other varisbles this power 1s a minimm for x = 1, and setting © = L5 it

can be shown that in this optimum case

p Y% = 3.0 (-%) (5)

where P, is measured 1n inches of water gauge, P 18 1n norse-power and € and h
are in feet., However, when x = 1, pc/H 2lso as unitv and this 1s a situation

which cculd not be achieved in practice.

On exponential theory 1t can be shovm that

b n
[ “"(_x -
B = 1 -e (b)
and the power required is
/z 3/2
=£&h p -X
P - U c (14 - e~") 7

(1 + cos ©) (1 - e—Zx)3/2

In this case the minimum for power is obtained when x = 0.7, and again setting

6 = L5o the optimum case i1s given by

c

7% = 355 (fg) (8)

where P, is in inches of water gauge, P in horse-power and £ and h in feet.

At the values of x around unity the exponential theory is generally
regarded as more satisfactory than the momentum thecry and, as many expcramentalisis
results support this, equation (8) 1s used in the vresent study to give the

optimum situation with which all the static test results can be compared.

6 E{PERIMENTAY, RESULTS

T+ was shown both in flow surveys and by flow visualisaticn that the main
get stream closely followed the vertical outer wall of the skirt and that the

magority of the massz flow occurred in a layer clese te this outer wall and the
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velocity dropped rapidly aecross the Jet as it approached the inner wall. It
was found with cardboard skirts heving 1.33 in wide nc¢zzles that the velocity
profile was reasonably flat across the jJet, but on widening the nozzle to

2 inches and to 3 inches there was no great effective incrcase in jet width
because so little flow was occurring towards the inner wall. The card skarts
used in these experiments with varying nozzle widths are shown in Pig.8. The
plot of Pc/H egainst h/t for card skirts with 1.33 in wide nozzles showed
reasonsble agreement with exponential thecory and about 90% of the theoretical
value of pc/H was achieved; the results for the 2 inch and 3 inch neozgzles

gave progressively lower valucs for pc/H as 18 shown in Pig.9. The sloves of
the three curves passing througn the experimental peoints might have been
expected to be the same but the effective jet width, which one might cefine as
the width over which a fixed percentage of ilhe mass flow takes place, appears
also to be 2 function of the daylight clcarance heaght. On plotiing the
cushion pressure against the pewer input to the card skirts waith different
nozzle widths it was found that for a given daylight clearance the experimental
points fellowed substentially the same lines for all threc nozzles; these points
are shown plotted in Fig.10 for a range of clearance neights. It was theought
that the Jjet stream width could be a function of the slot entry size to the
skirt and readings were taken for feed slot widths of 2, 5 and 10 inches;

the results for a 2 inch daylight clearsnce are shown in Fig.11 and indicate
that within the range of experimental errcr the feed slot width made neglipible
difference.

Because the fabric skirt of the criginal design shown in Fig.6 was found
to have a tendency to catch on cbstacles it was modified by the addition of a
small straight nozzlc to the exit slot as sacwn in Fig.12. Tests with this
skirt showed that it gave almost identical results to the unmodafied version.
A further skirt was mede up in febric to a Jesign similar to the type apparently
used by Saunders-Roe on their hovercraft; this skirt is shown in Fig,13 and
the test results showed that it was slightly infericr in performance te the
skirt of Fig.12. A convoluted skirt, similar to the Vickers ani H.D.L. types,
was also constructed and this is shown in Pig.1h; the skirt has no inner wall
and is extremely flexible and read:ly pennits the ingress of cbstacles, it is
alseo easily deflected outwards by the cgreas of obstacles. In view of the early
experiences with cutting back the immer walls of skirts it was expected that
this skirt would give geod results: this was confirmed as the resulis were very
similer t¢ those obtained with the Ssunders-Roe type of skirt. The results of

all these tests are given in Fig.15 where cushicn pressure achieved is plotted
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against power per unit exat area; Fig.15 also shows the results obtained with
cardooard skirts and the optimum theoretical line plotted from equation (8).
Mean lines have been drawn through the experamental points. It can be seen from
Pig.15 that for a given power input te the skirt there 2z a drop of the order

of 25% in cushion pressure below the optimum value witn the fabric skirts tested.

A reasonable f'it to the best fabric skirt data is gaven by the expression

3/2 g3 .
P, = 2.1 (\31‘1) \9)

where P, is in inches of water gauge, P 1n horse-pover and € and h in feet. The
expressicn appears Lo be valid up to P, = 2.0 1n and it Ay be reasonable to
extrapolate to considerably beyond this pressure; however it is desirable that
tests should be carried out at mere representatave cushicon pressurcs up teo 10 inen

water gauge using a larger blower.

The agreement with the optismm thecry i1s not good but it should be borne
in mind that the theory may he inadequate and it may be lmpossible to achieve
optimum conditions to comply with its requirements. For exemple, the theory
is based on a parallel jet exuding from the nozzie whereas in practice the Jet
is splayed outwards; part of the jet cnters the cushion te vrovide energy for a
vortex motion and the remainder escapes through ine exait area clearance: the

simple theories do not take account of this bhehaviour.

7 TESTS WITH A NON-VERTICAL, SKIRT I"EED SIOT

In the course of these tesis to determine a skirt suitable for the Naval
Air Department CC-2 hovercraft with a 900 peripheral jet a request was received
to explore the possibilitics of fitting a simailar skirt te theCC-2 belonging
to the Pighting Vehicles Research and Development Establishment at Chobham. The
F.V.R.D\E. craft has a perivheral Jet inclincd at 300 to the horizontal and in
order to avoid less of cushicn area the configuraticn shown in Fig.16 had to be
adopted for the scales model to fat on the test-rig, In this case the perapheral
Jet necessarily dascharges onto the inner wall of the skirt and il vwas expected
that &he flew losscs would be considersble: this was confirméed by tihe tests
and the results in comparison with the H.A.D, CC-2feed slet confaiguration are
shown 1n Fig.17. The results of these itests served tc emphasise the importance
of designing the peripheral jet feed system teo the skirt in conjunction with the
skirt itself.
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8 CONCLUSIONS

Several simple but important conclusions can be drawn from the results

of this preliminary study:

(1) A flexable fabric skirt nozzle may close locally due to pressure forces
and 1% 1s advissble tc design the nozzle so that this closure does not ccour.
The nozzle design will remain a matter of trial and error untzl the flow
through a skirt-nezzle conbinetron is understood and the pressure forccs acting

are predictable.

(2) Even if a flexible skirt nozzle does not close locally its effectave
width is probably less than its actual width. This implies that there is a
dascharge coefficient to be included in any calculations and this coefficilent

needs determining experimentally for cach hull-skirt-neczzle combinztion.

{(3) The Aischarge coefficient for a Flexible skirt nozzle may net be a
censtant but a function of scoveral variebles including daylight clearance and

cushion pressurc.

(4) Without lnowing the discharge ccefficient the cemparisen between
experiment and theory 1s likely to be meaningless. One cen, however, directly
compare particular configurations on the basis of power input to a skart to
generate a given cushion pressure for a specified daylaght clearance. From
the practical point of view this iz the mosti useful comparison aveilable and
gives a realistic cstimate of the power reguired for a given static hoevering
performance excluding lesses in fans, shafting and ducting to the peripheral
jet feed.

(5) The tests conducted confirm that the power per unit exat area is darcetly

proportional to the cushion pressure te the thres halves for the configurations

used.
32 8
€ fe P, = A \ﬂh)

For the hull-skirt-nozzle configuration employed A = 2.7 where P, is in inches

of water gauge, P in horse-power and £ and h in feet.

(6) It is iﬁéerative that the periphersl jet system on a basic hovercraflt
should be designed in conjunction with the skirt and thot the skart should not

be regerded as an ancillary if an optimuwn performence is desired,
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(7) TFuture work should extend the present test results to higher cushion
pressures and effort sheuld be deveted to deriving a theoretical analysis of the
flow within a typircal skirt to determine the pressure distributicn and tne forces
acting on the skirt resulting frem dynamic effects end cross flow and vortex

flow within the cushion arca,.
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