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iric model Hovercraft designer, research and development since 1991)
INTRODUCTION

Hovercraft is one of a kind machine, in designing a hovercrafi, one have 1o consider various
scientific fields such as, aerodynamics, mechanics and hydrodynamics.

There is no other maching that involves so much scientific areas to research and develop, so,
we can say that hovereraft is expected to improve performance as well as science and technology
are applied to it

As well as other transportation means, hovercraft technology can benefit from military,
transportation, racing, or just “backyard” homemade construction this last including r'c model
research and develop. [t is not intended bere by, to observe all those felds, but just concentrale
in racing, homenade and rle model.

Hovercrafl as we know it, was invented and demonstrated in 1959 by Sir Christopher Cockerel,
a British engincer. We can also refer to hovercraft as an A.C.V. (Air Cushion Vehicle), and since
its first appearance it was mostly applied in transportation. bui also in military and later on some
decades, in competition. This last hovercraft issue, as a light, single seat machine, was developed
and “revealed” mostly due 1o “backyard” homemade efforts, and soon meetings and racing
started.

Since its appearance this “weird™ as all transportation machines, hovercraft touched the heart
of some, and soon, static scaled models of the prototypes, transportation and military versions
where domne and also radio controlled electric powered versions. 'With the implementation and
spreading worldwide competition, scaled racing “nitro”™ racing rfc models, had also born,

Here is the time were our venture begins, back in 1991, in Portugal.

The author had a dream and started to make it real, scale racing, “nitro™ powered, light
hovereraft that real it must include a pilot figure also at scale with real driving moving feature.
First “free flying™ model was demonstrated that year, powered by a 49 “black widow™ cox

engine. it was named as “Footerafi” becanse of is unique steering control....

One year after, in 1992, first complete model including all those dream features appeared, it
was “Morais”, named out of a bold with glasses friend, as the maodel figure was.

A dream came through!

Carlos J.0. Camoesas, Portugal - Ovar -Vilega, 2004/04/16
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FROM THE AUTHOR

I thought abow making & book, | have some 13 years of real work, development, given proofs and
history making, 5o, 1 think 1 have encugh te "download”, instead of it, 1 hope to be able to share it for
FREE

Here, I will post in a regular basis. a kind of {Hovercraft Design Essay), where you can find some
information as well as my point of view about hovercraft design and development

It is the objective, to be & Living Book, s well as | can maintain it ongoing trough the times. As
being a Living Book, you can expect it not to be as well organized as a standard book, also English is
not my Maother Language, so expect also some English errors

| hope everyone can do a good use of it, and also expect you to download, print and collect it , as an
humble gift from This Howver Lover.

It will be a “compendium™ of my research, know how, facts and theory about Hovercraft design,
performance and future of such unique mechine, Thanks Sir Christopher Cockerel by inventing it!

This is a FREE SHAREWARE electronic edition, if is a collectible trough the time
work, for personal use, it is not authorized by the author to make any commercial use
of i, er to use in all or in part, without reference to the author.,

Sincerely,

Carlos José de Oliverrn Camoesas

R %

Viddega, Orvar, Portugal, 2004/04/19
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Thinking a hovercrafi

Before you start designing your hovercrafl, make some questions to yourself,

What kind of hovercraft | want” Real or model Scale, what fior | want it, just for joy? For racing? To
achieve speed and top performances? Where will 1 use it? Just in the backyvard? In the beach? In the
river, snow, grass, land 7

Just after all this questions are answered, begin thinking in what you need to build it You have
enough budget for the purpose? Are you able 1o work required materials; are all the things vou need
available? Can you homemade those that aren’y

If you have negative answers, get back 1o the starting point and choose not the ideal one but a similar
one that could obtain all affirmative answers of the second step

Once you reach this point, get all data from the materials and accessories you need, or if you already
have them just take data, figures, graphs, sketches, dimensions.
You have it all now, it is time, 1o stan designing your hovercraft

First statement: Never think hovercraft as separate pares. Hovereraft must be thinking
as a whole thing!

You don't think the hall, the deck, the skirt, lift, power, thrust etc, as independent things. Hovercraft
': all ;nur., every little thing you design or change in an existing crafi, will imerfere in another one, or

is of them

If you take an existing one and replace just the engine, by another one with double the power, for
instance, you are not improving and just altering power

Probably will need also a new prop ar fan, maybe the rudders have to be altered, maybe gravity
centre must be adjusted, maybe the skirt or lift system are anymore enough for the improved speed,
maybe.

Get the point?

Just think it all as one picce, as 2 “team”, nobody plays alone in a team You have 1o chose (design)
the team, after that “1each” the players to reach your desired purpose, and just at this point, you take
one by one

After you have designed it at first, you have your “team”, just stop and think, figure out, how they
play each other, are they a team? See how thrust can interfere with steering. and lift See how power
interferes with lift, how it acts on the skirt, in ” flying” mititude, in balance, stability

See how centre of gravity interferes with stability, manoeuvrability, how it is affected by the driver,
passengers or just load,

Sa, do you have a good “team” or you just have the best and expensive players in the world, and the
“coach” (you), is unable to get them all to win?

2004/04/19
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Briel Resume and some history

Now, that you know the way | think, some historic fucts are needed to understand it, and also 1o
demaonstrate that those comments and statements are nod just simple talking and theoretical {ssues. This
part won't be long, as short &s possible in order not to be baring,

Carlos Jose de Oliveira Camoesas, born in Elvas — Portugal 1963,

Having been since the High School a “Library Rat" searching all documents and papers relating
Aerodynamics, found at the Air Force, the best resource on that field
Not only by studving all available documents but also leaming from those that make also Aircrafl a
living wiy
As well as theory, nothing better than observing and sharing ideas and learning from Pilots, Flight
Engineers etc
S0, those were the basis

Laker on, we e now jumping 10 the year of 1991, when all started, after seeing a photo and an
article on @ magazing, about. , hovercraft racing???

Till that time | thought hovercraft were only those big transportation machines, but also light and
racing ones and single engine” | started to design an experimental model just to figure out the
principles, after all, | leaved nearby the beach, also one river and also an Air Base, that ric model
planes were allowed to practicese nf the weekends regarding in regarding no traffic flies

1 had it all, some Aerodynamic mechanics and r/c knowledge, asphalt, concrete, land, sand and
water, and during that vear also i working model, free fight, powered by a small 049 cox engine

' " “Footeraft™ was born in 1991, named out from its unique steering device
{some friends in a circle kicking it). I performed very well on sand, asphall and lso on the water,
since no flameout, because just fior theory testing purposes, it was not featured with floating

, H e
' g F7 _

_ T First, complete dreamed featuring machine was “Morais”™ in 1992, A Real
master piece it its time; 1/4 scaled , “nitro” powered racing Hovercrafi featuring a real maoving pilot
also ot scale, with floating capabilities and two channel radio controlled

It was so amazing that | even took it when | gone to Ofir — Portugal to see a race for the first time, it
was purt of the European Championships 1992 1 had no chances io perform it there, it was so much
wind that the races where cancelled at the sfternoon

Lots of models followed those ones, they also are historic Marks, but for now bets end this
presentation, will have a section just for my models later on, another proper section

2004/04/19
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Physics

We will use some aerodynamics knowledge, as well some ather physics concepis,
and facts. It 15 not intended hereby to go much decp in this then we will need, so,
dan’t expect to find complicated formulas or exhaustive explanations.

We just need to know some physics facis, and undersiand iis meanings by observing
happening all around us. By observing those phenomena. we can understand why they
happen in order 1o apply that knowledge in our veniure,

This is not intended to be a scieniific source, only a simple resume of faces!

Airis a Fluid: Warer is also a Flwid but with higher density.

dir can be compressed:

So you can have a bottle filled with air just by opening it and the normal atmosphere

pressure (1 Bard will Allit, or fill it with the double or triple or... so much air as yvou

want, before it becomes liquid air by compression, and spending Enerzy on doing i,
That is the reason why an air compressor for pistol painting, from time to Hme nesd

you to release water from the container by unsercwing a special pumose balr,

Air fiears when compressing if:
That’s why 1l you use 2 hand tool 1o fill your bicvele tyvre, 1t becomes a linle hot (and
also by friction).

Air augnments is volume if heated and also rarefies:
That's why actual wurbocharged sutomobile engines use intercooler, in order 1o fill
eylinders with more quantity of air than if it was heat.

Fluids tend to folfow a curve surface:
It depends on how much speed it poes following a curve and also curve radius, @ long
curve rdiug is casy to follow.

Afler raining you can see tear drops of water falling down your cars body, they are
being attracted by gravity and follow the curves till a point where an angle or just too
srll radius curve is for the drop®s falling speed.

20040410
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Hull
I

Howvererafl is an amphibious machine, this means it can travel over solid as well
liquid surfaces. Besides this ability it can also perform over mud, ice, grass, almost
any imaginable one.

In most Countries, or even all, Hovercraft is classified as being o “boat”, it makes
sense. Hovereraft is not an airplane, Airplane definition refers o fly out of ground
effect and to have lift caused by acrodynamic devices trough the air,

One cunnot imagine a hovercraft in the streets, stopping in the red lights, giving way
when others have priority, suddenly stopping when traffic becomes congested. ..

Hovercrafl still not having necessary mancuverability for that purpose, but, in
hetween boats, 15 like a "King”™ in what refers to performance!

In conclusion, yes, it is more a boat than other “Thing", it is just itself, a unique
transpartation machine,

As being like a boat, it is logic that we usc terms to define i, alike boat terms. So,
Hovererafl has & Hull. Hull is the lowest surface that supports it when not moving,
when it is grounded. This lowest surface is the one that during a ride, sometimes
touches the “ground” it goes trough. Hull shall be designed in order to glide over solid
surfaces as well as cause less drag as possible when going over water,

Mot only because surface irregularities or drivers attitude, sudden loss of lift caused
by engine malfunction, or skirt damage, onc have 1o prevent Hull to cause minimum
friction as possible.

Fhird statement: Hovercraft lower Hull shall be designed as being a boat

Flat bottom hulls arc not performant and are dangerous. Flat bottom causes deag
when hitting waler or touching solid ground, unless you just have a low speed one just
far joy, or 4 Physics demo concept, otherwise do not design a flat bottom Hull.

Do not think Hovercraft as being always supported by the air cushion and the skin,
do not think that the lower Hull just touches the “ground” when you stop it Lower
Hull also touches the waves and flat water or just hard ground in transitions, or
imcgular terrain, or just by using aggressive steering driving style.

2004/04/20
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Thrust and Lift
v

Thrust. is the Force that will fight and win Drag, inducing movement to your
Hovercraft, Hovercraft Thrust, once it moves over different surfaces, can anly be
achieved using the only thing it has on “Mlying™ in different environment, Air,

Thrust can be oblaining by means of Propellers or Fans, also Ducted Fans or jet
engines could be used, any source of thrust using air or through the air is possible in
theory. Solid tuel or Rockels. ..

By now, lets remain focused just on the two usual Lypes; Propellers and Fans
(turbines). For same piven thrust, o propeller has a greater diameter than a turbine,
We can consider prop light than a wrbine not only by it self but because in order 1o
be efficicnt Fans require a duct around them. Fans also have a lateral big area
expused o cross winds that affects Hovercraft. So, regarding only Thrust, we can sav
that a prop is the best method 1o move a Hovercraft,

(M course this is only valid in a craft that uses independent “devices™ w gencrate
Thrust and Lift!

I we are talking about a single “deviee” providing both Thrust and Lift (Integrared
Havercrafi) things tend 1o be 1ot more complicated. .,

Lift. as we know, is the Air Cushion beneath the hull, surrounded by the skirt. Lets
take a look at that Air Cushion; imagine a hovercraft standing on the cushion, with
no movement (Mot a Integrated one!). 11 has no movement because has no thrust!

Skirl 1s wouching surface ground, hull is suspended not touching it , we ean see
some air escaping in between skin/surface, but it stands there!

Air Cushion is doing it all, skirt helps maintaining i, but some cscapes, lift engine
keeps giving power, delivering air, weight is compressing the Air Cushion and at &
point this one has more pressure (Force) than craft weight, overpressure escapes
fromm the skirt.

S0, we need amount (volume, mass) of air as well as pressurized in order to win
weighl. Velocity of the air supplied to cushion 13 not an important factor?

Seventh stutement. Afr cushiion needs aiv mass and pressure to be efficient, nor air

speed!

20042
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Physics 11

Pressure decreases when airspeed increases:
Take a bill in between two fingers, put your fingers closed to, and under your mouth in
order to the bill be parallel with the ground (but the end will fall a little because of
gravity). Blow fast over the bill and will see it rising, the bill pets “sucked™ by the
sudden decrease of pressure over it

Gravity opposes to Lift

Drag opposes to Thrust

Static drag is stronger than Dynamic drag:
Riding a bicycle it is easy once you are already moving, Energy spending is greates
when starting from zero velocity.

Static Thrust required to oppose to Static Drag is greater than

Dynamic Thrust required to oppose to Dynamic Drag

Alrplane Lift is granted by the wings

Hovercrafi Lift is granted by the Air Cushion and skirt
~ Airplane Drag is caused by the Air against exposed surface

Hovercraft Drag is caused also by Air against exposed surface and
Friction caused by the surface where it “flies"

HOVERCRAFT DOES NOT FLY

Hovercraft lift is not caused by aerodynamic surfaces going trough the air, out
of ground effect.

200419
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Aerodvnamics
Wings are aerodynamic devices that provide lift.

Al first we must make use of some imagination and “see” Air, as being a kind of
laminated fuid, composed of various Layers like sheets of a book.

Every time that air goes over any surface, first Layer skippering over it is called as
Limit Layer, followed by another skippering over it, and another and ..

This limit Layer tends and follows curved surfaces as much as the radius is not too
big, or the speed is not enough

At this point we need to talk about Stall. Stall happens when the limit layer detaches
from the surface, does not follow it anymore, Stall can be caused by various factors, not
enough speed, and too small radius curve, or just because of inertia. There will be
always in a circle, a point where the limit layer detaches from surface, no matter how

much speed it goes or how big the radius is, Cannot make the fluid surround it and
come back 180 degrees.

Relative Wind, is what we call to the air trough an object or the air that object is
going trough, it is relative, it is the same, A wing going at a given speed trough the air,
or air being blown against a steady wing with this same given speed. Always imagine
relative wind as moving horizontally.

Angle of Attack is the angle wings attack or goes trough Relative Wind.

Leading Edge is the front of the wing that attacks the Relative Wind.

Trailing Edge is the opposite, the end or rear of the Wing.

Chord is the imaginary line that goes from the leading edge till the trailing edge, as if
separating the Wing in two parts.

Upper Surface is the superior surface between leading and trailing edges

Lower Surface is the inferior surface between leading and trailing edges

2004/04:/20
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Skirt
(1]

Skirt is the device that grants Air Cushion to be maintained. Skin is fixed in the
crafts perimeter, holds and keep enough air mass and pressure beneath the Hull
granting it to be away from surface, it must be flexible and contour surface
irregularities and waves and be water and air proof. Airproofl means the skirt ability (o
not allow air 1o escape trough it. Waterproof means skirt ability to not absorb water, if
absorbs water, il will increase weight and also maintain dust as mud and sand attached
to it. At last, skirt material shall resist to friction not being easily damaged by rough
surfaces and as light as possible.

Various types of skirt have been used, and mostly, types are:

Bag (closed) - like a tube around the Hull

Bag (open) - suspended from craft periphery inwards and “connected” to hull
lateral panels near the bottom by rubber bands or adjusting strips.

Finger/segment (straight) — scveral independent pieces all around craft periphery
like “spoons™ connected to Hull lateral panels near the bottom by rubber bands or
adjusting strips. From the top periphery they point inwards the craft.

Fingerfsegment (extended) — same as previous, but, till mid height of the finger they
point outwards the crafi periphery and from that point till the surface they point
inwards.
Bag and Finger — Bag type skirt with extensions (fingers) on the touchdown point,
Sixth statement: Think Hovercraft Skirt as being a competition cars tire!|
Why all those (and probably others) different types of skirt?
Hovercraft skirt, almost alike automaobile tires, provide different performance and

comfort. Skirt must be thought related 1o the craft purposes. Later, will compare
performance and comfon related to each skirt type.

200404421
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R/C MODEL HOVERCRAFT DESIGN, NA ESSAY
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Rudders
v

Aireraft use rudders in order to move around vertical axis, turning right or lefi.
Hovercraft also use rudders to change direction of “flight”.

Aircarft usually has rudders in the tail, at a vertical position. As well, Hovercraft
uses mudder in the tail but they are a bit different, not in design but in the way they
perform, On an Airplane you shall not display rudders into the airflow generated by
Thrust, otherwise “steering” would be affected by power. Even at “low™ speed,
Relative Wind is enough to act on them.

In & Hovercraft, cruising speed is not enough to Relative Wind cause effect on
rudders, and as it operates st Ground Level, you need to steer. So, you must place
rudders in the way of the airflow generated by thrust in order 1o be effective also at
low Relative Wind speed as whenever you want, by just applying power (Thrust)

So, you cannol steer (around vertical axis) a hovercraft at low speed, unless you
have it (Thrast).

Second sttement: Hovercraft rudders need to be affected by Thrusi|

Hovercraft suffers from crosswind effect!

Adrcraft uses aileron (serodynamic devices near tip of the Wing) in order 1o not
glide and make a more precise and, in a small radius tum. This way, aircraft moves
not only around Vertical Axis, but also, caused by ailerons, in longitudinal axis
Rolling in this axis, changes Lift vector direction opposing not only do Weight but
also 1o Centrifugal Force.

Hovercraft also rolls around Longitudinal Axis (but unwanted), due to contrifugal
Foree when making tums at high speed. Roll causes Air Cushion losses and stall,
falling with the Hull on the ground, suffering from suddenly friction and because of
this, accidents would be to expect due to inertia!

These facts ongin the place of rudders in between the flow generated by thrust. This
way, driver is able to perform small radius turns by applying thrust combined with
rudder movements, changing gravity centre to the inside of the tum, moving his body.
Acrodynamic devices can be added in order to counter-act inertia.

Also counler-acting on steering is to be used if unexpected or deliberated sudden
deviation from course is needed.

20040423
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Deck and Cahin
11

Deck, as in a boat refers 1o the upper surface of the Hovercraft. Here is the place
where driver, cargo or passengers fit i, also it is intended to be supporting engine(s)
thrust device(s), lift devices etc.

It is intended that deck can be designed with the less low profile as possible;
Hovercrafl is highly affected by crosswinds, 5o, less lateral area exposed to wind, less
the derived Force caused by undesired crosswinds. When designing Deck, not only
exposed area is 1o be considered, but also its ability to let erosswinds skippering over
i

Nineth statement: If you cannot design a low profile deck, make it angled or
curved!

If by any strong reason (passengers compartment for instance) vou cannot design a
low profile Deck, at lest do it angled or curved, never as betng flat and vertical
Vertical surfaces will act as the best area to the wind apply is force, acting at 90
degrees on a plane, once by definition Wind is a horizontal movement of the air

So, if we design an angled surface with the lowest side at periphery of the craft, and
the highest one at the middle, wind will not act st 90 degrec on it. At same wind
speed, in this angled surface wind applied Force will be inferior to if it was vertical
with same area profile view,

If By other hand, instead of an angled surface we design a curved one?
In theory this is the best solution for a high profile craft and can even counter act to
wind force!

Fourth statement: A curved profiled deck and cabin tend to react againse
wind force!

As we already know, fluids (wind) tend to follow curves. Let's imagine a bubble
type deck and cabin; Crosswind is blowing against it, wind starts to follow the curve,
wind airspeed increases, this provides a force (lift) because pressure decroases.

Lets just for now consider the segment between periphery and the top of the bubble,
Resulting force (lift) will be at 90 degrees from a tangent to the curve, what we get?

A little counter acting force against crossed wind!

2004/04/21
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Deck and Cabin
I

You ask now; and the other halve?

No problem! Afler reaching top of the bubble sooner or later Limit Layer will
distich from it, or just simply insert at the top a simple device to force distich “Vortex
Generator” will talk about it at another chapter, Aerodynamic Devices.

As well we must think Deck from the front view, same design features must be
considered, but, we have some other,

lust the driver or a cabin, are frontal areas exposed, now, we are alking also about
Wind, but this one is Relative Wind, this is the one that cause drag, so, we must also
have a least as possible frontal area exposed. It is 1o consider a windshield on a single
persan hovercrafl (if it is intended to achieve high speeds, not needed for leisure) alike
those used in matoreyeles.

In case of a light passenger crafl (3 or 4), the cabin shall be acrodynamically
designed, but, always paying attention in not regarding only Drag factor, there's a
bigger problem!

Airflow feed into thrust device:

Cabin shall not be an obstacle in between Relative Wind and thrust device (being a
propeller or a fan or what else).

Regarding Static Thrust is not to fear so much as regarding Dynamie Thrust
Dynamic Thrust suggest Relative Wind airflow to be direct feeding thrust device, if
this flow is suddenly interrupted or disturbed (ean oceur due to high speed and/or
sudden manoeuvre causing a deviation from direct going through Relative Wind),

Sounds complicated? By other words; Feeding dynamically a fan (not so
problematic on props), needs air to be supplied in same axis, if air is feeding the fan
devinted from is axis (or suddenly imterrupted), will be an angle that causes Fan Stall.

If fan Stall happens fan speed suddenly increases causing loss of Thrust, Fan over
speed with possible disintegration of blades and also over R.P.M. in the engine!

Fifth statement: Cabin shall be designed as an air feeding device!

A simple design is a kind of half tear drop (cutted in longitudinal axis).

2004/04/21
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Skirt
11

Cieneral considerations on Skirts

On designing a skirt, one have to think it not only full and retaining air mass, but
also when it's “unloaded”, Lets see a skirt before Lift:

Your hovercraft is grounded, no lift, no Air Cushion. Hover Hull is resting on
surface, look at the skirt, what you see?

1) Is any portion of skirt at the lower end (if open bag or finger type) out of craft’s
perimeter?

b} Is the Hull or any part of it, pressing skirt material against the surface?

¢) Pull one side of the crafl till you get about some 30 degrees inclination from
ground plan, does any of the previous occur?

d) Do same procedure at the front and rear, but now, about 45 degrees, does a)or b)
occurs?

If just one answer is yes, you don't have a skirt, you have a problem!
Tenth statement: skirt cannot be pressed by Hull, when in rest, out of lift!

30 degrees just because of inertia and counter-act (hody balance) by driver on
making curves.
45 degrees because of transitions.

Do not try to make a transition to a level higher than “clearance™ (height from the
surface to the bottom hull when on lift) height! It will probably overtake it, but will
press and damage skirt.

Transitions from a higher level plan to inferior one, bigger than clearance will not
affect skirt if you have enough thrust and lift, so, it is not to fear as much as climbing.

If skirt is pressed between hull and surface at any time, in rest or “flying” will be
damaged. If you use a closed bag it is enough to loose skirt and Air Cushion Air mass
and Pressure, as well if running on water, weight and drag will be added, you will
loose thrust, so, steering also. ..

You will have to change it, It is better before an accident!
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General considerations on Skirts
If a) oceurs, then you have Air losses when getting lift and also on running.

If b), ¢) or d) happens, you will have damaged skirt every time you hover, that's
expensive and also to be fear of.

Resuming;
When designing an OPEN or FINGER type skirt, make sure that the inferior
perimeter is shorter than craft’s perimeter, expecting some formula?

Just as simple as designing it in a way that the projected perimeter of skirt
touchdown is inside projected craft’s perimeter.

Now that you have equal designs, one inside the other, make the distance from each
side of the inner, till same outer side, to be equal at the designed “clearance™!

But, if you want a closed BAG skin?

Unless you just use your hovercraft on flat water or ice, or just for physics demo
concept, don’t use it!

It will soon be damaged if used in transitions or hard soil, or it will have to be made
of hard material to resist longer, Anyway, prepare for a hard drive.

Closed bag is easy 1o do as well as to “tune”, just don't need! It works easily also,
besides some tell, it is simple to do as well as the hull! You can just make one feeding
hole 1o the bag and another direct to the floor; it works for sure and is simple to do and
to fit. Also, you can make a simple flat hull (don’t do it), as il it was “a solid block™. It
has the smallest low profile achievement!

Just before starting, before choosing skirt type, think well and compare to what was
said before, and choose, remember, what for [ want it !
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Wing, is for sure most known serodynamic device. A wing 15 intended to cause lift,
in fact, if you abstract and look at a wind without any reference to aircraft, if you
name it just as an serodynamic device and not wing, what do you have?

A device using Relative Wind able to generate Foree (not talking about wings nor
mircraft) amd you can use this Force in several different applications,

This one is the simplest design one, the Upper Surface is curved and the Lower
Surface is plain. I vou take that device upside down (Upper Surfice is now at the
botiom and Lower Surface at top) and move it into Relative Wind, will not have “Lift"
but additional “Weight , don't mind the definition, what really matiers is that you can
obtain Force.

Based on this point of view, this principle and basic design can be used in order to
achieve different purposes.
If you want it to generate lift and Fly, yes, it is a Wing.

If by other hand you take another Wing design which has equal Upper and Lower
Surface, moving it trough Relative Wind st Zero Angle of attack, you will only get
some Drag, it is the only Force you get, and most of times you don’t need drag!

But, if you give to it some positive Angle of attack, you have also Lift. And giving
to it a negative Angle of Attack you will get Down Force (weight).

Take a look at a propeller from a side view...It is a weird.. . Wing!? And it provides
Thrust!

Wariable pitch propellers can also generate ... Drag!

Take a look at a rudder. .. it is also...a Wing!? And it provides steening!

So, Wing basic design can be used 1o generate most kinds ol .. Force! Don’t matter
the name of the device, don't matter the name of that Foree, it matters Foree itself,

applied in and pointed to whatever you need.

Wing, Aileron, rudder, propeller, stabilizer, Map...
Lift, Down Force, Thrust, Drag. ..
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Hovercaft performance:

Pure Speed [ Manoeuvrability / Comfort / just Fan / Physics demo concept.

Actual Official Speed Record in a Hovereraft is 137 40 Km/h.
American Bob Windt and his “Triflyer” are the holders; it was achieved in
Portugal 1995 at Peso da Régun “flyving” in Douro River, duning the World Speed
Race Championship.

World Speed Races are supposed to be held every 4 years. It is a singular
competition method that pursuits mostly Speed, performed along a straight pattemn
ever waler, one crafi ot a time.

Every year World/European/Local .. championship are also held, during the year, at
different locations. These races are different from the Speed Races, here; the quest is
not only speed. Races take place at special purpose circuits with different surfaces;
land, water, grass eic. also curves, transitions ¢limbs and descents.

Besides just fun and pleasure, light Hovercraft also mces, and we can see that are at
least two different quest:
Pure speed, and a combined speed/acceleration/'manceuvrability.

It is proved that one type of design is unable 1o beat the other. A speed designed
hovercrafl is unable to win championship circuit races as well as circuit designed
crafis are unable 1o achieve such high speed as previous one!

Actual F1 Racing Hovercaft engines deliver around 200 H.P. and they still cannot
beat “Triflyer™ 120 H.P powered, 1995 Speed record, they are not designed for that!

As well, do not expect to find “Triflyer” (or similar design and length) at a circuit
race.

Eighth statement: Do not search for Speed just on Power, design will do it
betrer!

As stated before, one has to design Hovercraft, in regarding what is expected the
hovercraft to achieve, such as speed, manoeuvrability, comfor. ..
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General considerations on Skirts

Bag skirt (closed)

This type of skirt is easy to build; it is just a kind of tube. It has to be inflated with
some higher pressure than the Air Cushion itself, remember that is the skirt that holds
the Air Cushion

Aur Cushion needs also to be feed with air mass, so, you have to feed both. There are
two ways of doing it

a) You have separate feeding holes, one or a group 1o feed the “tube”, and the other
one or group to feed Air cushion, remember must have different pressures between
them

b) The other way is supplying air to the tube, and this one has holes letting air to
escape to the inside of craft’s perimeter, forming and feeding Air Cushion, total area
of those holes determine flow and pressure feed to Air Cushion, so you can start
“uning” skirt performance by starting with some less area (holes) than you have
calculated. After testing, you can vary that area and reach best compromise m between
them, skirt (tube) pressure and Air Cushion pressure.

As said before, expect hard drive with closed bag skirt, also high drag if running on
other than flat surfaces, and be careful with skirt damage. Will soon loose pressune
inside the tube, loosing pressure in the cushion, and .

Closed Bag skin also does not “absorbs™ terrain irregularities as other skirt designs,
so, it 15 to expect Air Cushion pressure losses on these irregular surfaces. Besides that
fact it is heavier than open bag, and a little heavier than finger type

Resuming good aspects; it is easier to build. It easier to design and build a hull for it
It is good for flat surfaces. It improves performance if little fingers are added.

Bt this is another skirt type.

2004/04/24
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General considerations on Skirts

Bag skirt (open)

This type of skirt, besides name has lots more in common with Finger Type than
with closed bag,

An Open Bag skint cross section looks alike a semicircle, it is just half of a closed
bag one, and it has not the inner portion of the circumference. Just has that part from
craft’s Hull periphery, down to the touchdown perimeter. At the bottom, open bag
skirt 1s fixed to hull walls, near but above, touchdown point. It is fixed by rubber
bands or adjusting strips as well Finger Type is.

a} You can feed open bag direct from hull 1o Air cushion, skirt is just the “wall“that
contains and helps to “compress™ Air Cushion

b) Also and better is to feed skirt direct from Hull sides, and that air will form Air
Cushion, it is faster to inflate the bag also as prevents air mass leak during “take of "

Open Bag skirt can also be feed separate from Air Cushion, by just using a mix of
wo previous methods.

Open Bag performances are quite different from Closed Bag; it provides a soft ride,
reasonable irregularities adaptation but. .

It always needs a “drag flap™ a flat skirt material fixed to all hull width, near
touchdown point, extending to the craft’s periphery. Mostly at the rear is needed, but
others are to consider to achieve best performance if most used over water.

This type 1s far less affected by friction than Closed Bag, and when it happens is not
that dangerous. It is simple do build and it weights about half than open bag, it is a bat
more difficult to tune, and expect to verify and change frequently rubber bands or
strips. This last fact is very important in achieving good performance with Open Bag
Skant

Open Bag is rare to find a1 1/1 scale Hovercraft, maybe even just not used indeed, 1
have used it mostly since my first designs back in 19911

20040424
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General considerations on Skirts
Finger /Segment type skirt

This type is a must! [t is the best adapting skirt to irregular surfaces as well as
waves. [t 1s the one that preserves better Air Cushion mass. It 15 the one that achieves
best performance. It is the one that friction or even a hole, less affects. Finger type
skirt is just... The Skirt!

It is hard 1o build, it is heavier than the others, it needs to be direct feed (but also
direct feed 10 Air Cushion is possible, using both).It needs high pressure on the outlet
holes from Hull sides, because this initial pressure at “take off” is the Force that keeps
all the segments closed to each other. If not enough pressure from direct feed, inflating
each segment, they won’t remain “attached™ and Air Cushion mass gets lost in
between them, mostly when lifting off.

Segments are supposed also to be fixed at the Hull walls, near touchdown point,
using referred rubber bands or strips. Till a point {regarding weight and complexity),
the more the segmenis the more perfect it will be.

If the Hovercraft looses one segment or a hole is on it, looses pressure and lateral
{both “neighbors™) segments will press it and solve big part of the problem, it is
almost a fail safe designed skin!

A drag flap is needed at the rear, or rear fingers (segments) must be almost closed or
even closed ones in order to prevent water drag.

Two types of fingers can be seen at the Races and some use combined versions
a) Inwards perimeter inclined.
b) Ouiwards perimeter tll mid height than inwards till touchdown point,

Inwards has less Air Cushion Area, so, less air mass needed, easier to feed as well
easier o mainiain pressure,
Outwards igper area needs more mass of air and pressure 15 hardest to achieve,
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Integrated/Non integrated craft

Inegrated Hovercraft, is a crafl that uses same device to achieve Thrust and Lift.
Usually uses a Fan to provide both, it can vary something in between 20/30 % the
amount of the airflow used just for lift, and the rest of it for Thrust.

Just behind the Fan you have the “splitter”, a device that splits the airflow needed to
feed Air Cushion and skirt. So, we just have one engine, and one Fan, if you have
thrust also have lift, if no thrust no Lifi,

Of course we are talking conventional integrated Racing Hovercraft, you can also
have just one Engine and Thrust/Lift are achieved by two devices ("Triflyer”).
Integrated (All in one}, so lets back to where we where.

Integrated crafl has less response to acceleration and winning Static Drag. At a
Race, an Integrated Hovercrafl is at the grid but remains with the Hull on the ground,
you cannol give power before stan signal, or Hovercraft would get lift/thrust and
would cause a False start.

Non-Integrated craft is at the grid with no thrust, but lift engine is delivering some,

enough to rest in the Air cushion. So, when start signal is given, it has only to give
thrust to win static Drag. Just one vector, just one Force, horizontal.

Integrated craft will have to win same static drag but also friction lifting the hull from
the ground. So there are two Forces, two vectors, same horizontal one and another
one, vertical.

So, it is to expect Integrated Craft, to have less acceleration capabilities!

But, that isn't enough to win the race, it just made a better start than the Integrated one
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Integrated/Non Integrated Craft

You can learn by observation, if you go to the races, al first you just enjoy and then,
just think and ask to yourself, why? Why this and why that?

After starting signal is given we have non integrated craft leading the race, but the
integrated one maintains the distance or even is gaining some, after a while when
hovering on water, suddenly Non integrated craft loses is lift engine, it stops.

Hovercraft falls from clearance height and pilot is almost projected from the craft in
a forward motion caused by inertia due to Hull sudden impact on water. He starts lift
engine but the other hovercraft has overtaken him.

Both are closed to each other now, and in a small radius curve, while Integrated one
goes in the outside controlling thrust in order to prevent lift losses, Non Integrated
goes trough the inside making almost a 180 tum in same place, maintaining lift and
suddenly cutting and applying thrust while turning rudders, he is again in firsi place!

What to leam from here?

If nothing goes wrong, if engines don’t fail, if both are tuned, Non Integrated
Hovercraft is supposed to win, we saw that it has more acceleration capabilities; also
it can turn at speed in a small radius while Integrated cannot loose iis speed due o
lack of acceleration and also sudden loose of power when curving (losing lifi) could
cause it to touch the ground and due to inertia, to roll over.

Non Integrated is much more manoeuvrable and fast to recover from loss of speed,
the only advantage is that you still having “two engines, two troubles™.

It is all just a question of liability, not only performance makes you win, you also
need Regularity, talking about models you need it also, that’s boring being in the
“hoxes™ repairing your model and others having fun. 1f you trust on both your
engines, go for a Non Integrated.

Ina real 1/1 seale, there is another benefit from using separate engine for lift, when

going over water essentially, even without thrust, just by balancing your body, you
can get out of there, slowly but you can!
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Circuit race design/Speed race design

Speed race design, is completely opposed to Circuit racing design. Wind Dragis a
hig problem when you want to achieve speed, does not matter in what kind of vehicle,
just a bicycle, an automobile, a boat or just a Hovercraft! You have to design an
serodynamic vehicle able to “penetrate” trough the air, also using the less surface
exposed 1o il. This is the meaning of 5.CX, surface and ability to “penetrate™ air.

In a Hovercraft this is also most important because wind will also tend to act on skirt
pressure, and you cannot loose it. Bumping on waves or hard soil at high speed is
dangerous, if a nose down attitude happens; remember water is a high-density fluid,
water will erash your craft like an egg!

If 2 nose high attitude occurs, it will flip backwards and also be crashed, and
remember in this attitude you may be with you head down...

S0, you don't have to think only in frontal area.
Eleventh statement: Think Hull as if it moves also in a vertical position!

Why is that?

In a nose high attitude at high speed, Relative Wind will act on exposed hull, if no
stabilizer devices are used, or even with them, starting on a little angle, if not Auto-
Stabilizing. increases so fast that pilol cannot react. So, before thinking on stabilizing
devices, as wings, or gyros actuating those, think Automatic-Stabilization design.

Lets see what happens at a relative low, nose up angle on a conventional Race
designed hovercrafl (based on a rectangle);

Rear hull of the craft touches water, centre of gravity is moving back, Relative Wind
attacks that exposed surface (bottom of the hull), will tend 1o move it. Like a “lever” ,
craft has already a balancing axis, that line at the rear that touches water, wind will
force this lever, and angle will increase, increasing, exposed hull surface is greater,
still having a rotating point, centre of gravity moves back and its easier for the wind
crush it backwards!
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Circuit race design/Speed race design
Lets now see a triangle design, pointing to the front end,

A wave lifis the hovercraft, the rear also touches the water, centre of gravity also
moves a bit 1o the rear and Relative Wind attacks hull bottom,
Wind has also a “lever” with a balancing axis, but lets watch Wind acting into two
different areas just as it we divided in the middle, front (a) and rear (b) part. Area (&)
_ iz about the double of Area (@), so, wind force is much greater on (b) than on (a),
Wind will tend to balance the hull not in the rear axis (line touching water) but over
an imaginary line (axis) in the middle of the craft, result?

Wind will force the rear of the craft to rise and the front to fall, rotating over that
middle line axis; gravity centre resumes ils original position moving to the front. Rear
hull does not touches water anymore and water drag disappears, speed is increased in
a flash, wind force at (b) grows and...

It is back into horizomtal position, “flying” al speed!

Remember, all this happened in a fraction of a second, but it was Auto-Stabilizing
itself, with no wings or gyro or pilot action (pilot did not knew what happened, just a
sudden lost of recovered speed)

Other things have to be considered, to have a positive centre of gravity, is also a
stabilization design feature. This is much alike Airplane design, there; you have
positive stabilization when centre of gravity is ahead of centre of lift. If aircraft
sudden looses lift (stall) it will tend to a nose down attitude.

Hovercraft lift has also a centre of lift. Think that all Air cushion is equal pressure,
just one piece, centre of lift will be at the Area centre point, it is easy to calculate.

Centre of lift of a rectangular hull, is in the mid line at half of hovercraft length.

Centre of lift of a triangle hovercraft hull, is a little back of the mid hovercraft
length.

So, you have a positive design stabilization in a rectangular hull if gravity centre is
ahead of mid length, In a triangle hull, could be at the mid length or even a little back,
and still positive.
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Talking about the Future in Thrust:

Besides propellers and Fans, when talking about a non Integrated craft

{two separate devices for Thrust and Lift), Performances could be improved by using
a jet engine. OF course we are talking about a crafi just for special purposes, not to be
drove at every place or at any time. Hovercraft designed just for Speed enhancement,

It looks contradictory, using a Jet Engine to achieve Speed!

It is not! The use of such an engine that's not just by seeking Power, no, there are
Industrial jets, also small jet for small aircraft and Unmanned Aerial Vehicles. Whe
are not talking about Power, but just these engines architecture and operating
principle. Lets say you have such engine but delivering just the same Thrust of a
conventional Racing Hovercraft, lets say equivalent to the thrust of a 90 cm diameter
Fan of an 120/130 H.P. Rotax engine.

It would be just a bit heavier than the whole anfEnglrc.*stamrrs%mudFmddm yes
we will not use them! Instead, we will use the Jel engine, it must have vectorized
nozzle, not commercially available? Technology already exists!

What will we gain?

Since the beginning we are gaining Exposed Area, much less area exposed to
crosswinds,

Mo rudders, less crosswind effect again,

Less frontal Area also, so less static and dynamic Drag; best static thrust as well
dynamic Thrust response.

Lower centre of gravity, so, best stability of the craft.

Vectorized nozzles would serve also to control attitude and longitudinal stability;
s0, we could avoid also stabilizers, less drag and weight.

Once stabilization is made at the rear (where) engine is, it is behind centre of
gravity, and a Gyro could do it.

Well, lets back to present!

2004/04/23
{To be followed) 501

Fowened Iy PhotoCommmaniities. oom

OYRCINT

http:llwww.ovarcraft.com



CPartloss Pamsesas

Instructions to build an entry level r/c hovercraft
PART I

Maiterials- Balsa or plywood

Radio required-2 channel2 servos

Engine-, 15,25

Skirt-open bag/nylon from rain coat or umbrells
Length — 40 1ill 60 cm

Cit the saperior board of plywesd, after you chess the night “pgperware (seaked box) to Bt the squpment
After you 6t the box mio the bole m the board, cut the blue foars and adyust 1o the box{purround ), with
ikt dimensons of the flat botbom

Cut the plywnod fls botiom and ghee it spuinst the blee foambobtom of the box

How we have & "sandwich® foemed by two boards of plywood with a box swrounded by bloe foam m
hegtween.

Ar entrance to the
msde (ruf ok cast )

Tupperware
(adictservosthatteries)

Supenior board (plywosd)

T'ht dark blue ix the part 1=
et i the Bont of the mplitter,
| it has abour 25 the area of
the corcle washed by the
p!uw-ﬂ!r ﬁlﬁl

Idesure the distance betwesn the edges of the two pywyod boards and ot and glue foar rectangles to
them Now you have Four traangle boles, with a paper design the mangles and wansfer to plywood, o
il glue them o place in oo the “haat™

The splinter i made of two trangles glued mn the upper board, soe each side of the rectangular hole 1o
the iggude | then cut and glue two rectangles, one n the top and the siher verteal i the Foab (Ehe 4
the one to be gytted in the nexi sbep)
THE SPLITTER OPEMIMG it is cat cnly after vou Bt the engine snd the propelier, to ensare that the
propelier duismetet 10 o bitle larger than the openng

IJLUJ..-:.\.\"-.\"A-'.Eﬂl)i:i.ll;'i-.ﬂil'n"mrlml.'sus
hitp. v freewebs com/camoesas
bt Ferww re-hovercrafts com
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Instructions to build an entry level r/c hovercraft
PART Il

Four holes to fix four rebber
bands). One end of the
rubber is fixed in the ki,
the other s fixed 5 mm
above the flat Noor of the
“boat™

The skirt and the rubbers are
to be changed like the tyres
in & car

Howvercraft pénmeter

Ground contact perimeter of the skirt with the

ground design the projected craft perimeter on a sheet of
paper. After that, inside of it design another perimeter with
all the sides parallel to the previous (pink colour). In the
paper sheet, the distance from each side 1o the paralel one,
Rubber bands should be around 2 em

Image comented:the two vellow strips are the total skirt length. Each segment at the top shall have the

same length of the correspondent segment of the craft, At the bottom, each segment shall have the same

length as correspondent segment f the inner (pink) perimeter, to achieve this, you must cut the black line as

the circular image shows, then you glue it (the tiangle)opposing to the red line. The up (longest)

perimeter of the skirt shall be sandwiched to the craft using plywood strips or just ghuing it {in this case
Powel et bidgdEiihntdrmtiaeddodl you can use small screws to attach it

ORI @
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Instructions to build an entry level r/c hovercraft
PART 111

1 - heles 1o fix the rubbers
2 —cut and ghue

3 — without this “drag Nap™ will not run on water ! mast be fixed (o the bottom af
the craft, near the touchdown contact plan.

4 — rubtber bands that s the skin (o the crafll near the bottom,

Fartss Pamoesas

hitp./fwenw geocibies, com/ cCamoesas
g fwww freewebs com/camoesas
|'l|_|:j'l W D -|'||_'|'L B rafls o

Foweired Iy FPhoo AN

V_cemg
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——:: |_}lubher bands to fix in

= | this points, the other end
= of the rubber 1o fix in
the bottom side walls

"\
.

This is an open bag type skirt \“\

The upper perimeter of the skirt must be fixed to the top perimeter of the “boat™ Like a
sandwich; pressed against the craft with an aluminium strip fixed with bolts or quick release
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Instructions to build an entry level r/c hovercraft
PART YV
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