


Fig. 4. W. Bertelsen's
GEM-1 AIRCOPTER.

3y
kot ( Fig. 6. Diagram of the Lockheed

G ] 5 Company's CLIPPER.
—c%‘ 1 - hull; 2 - open 2-man cabin;

3 - 11fting wing with end plates;

- 4 - hull nose plates; 5 - out-
board engine; 6 - air rudder.




Stability

A WIG, like an airplane, must be able to maintain a given flight mode
and return to it independently (without pilot intervention) after, for
example, a wind gust. When the craft is in motion, the longitudinal sta-
bility is due to a considerable degree to the locations of its center of
gravity (CG) and aerodynamic center F (Fig. 15), i.e., points relative
to which the moment of full aerodynamic force of the wing does not depend
on the angle of attack at a constant flight velocity. If the aircraft's
center of gravity is in front of the dynamic center, the craft has static
longitudinal stability (with respect to loading). For WIGs the problem
of stability is considerably more complex since the position of the WIG
wing's aerodynamic center does not depend on just the angle of attack,

but on h as well.

It has been established by wind tunnel model testing that commonly
used wings do not have longitudinal stability. Therefore all modern WIGs
(1ike airplanes) have to be equipped with stabilizers or other devices
which shift their F to the craft's tail (in so doing, the distance between
the center of gravity and F increases). The most successful solution to
the problem of longitudinal stability is found on the X-112 where it is
achieved mainly with a stabilizer placed high on the vertical tail surfaces
beyond the screen effect.

As far as the lateral stability is concerned, WIGs practically always
exhibit it. During listing of the craft the 1lift on the wing which ap-
proaches the screen increases and a righting moment is produced.

Directional (course keeping) stability is provided by approximately
the same techniques which are used in aviation, i.e., by the appropriate
selection of vertical rudder area (air rudder) and its position relative
to the WIG's center of gravity. The craft's general configuration, and
particularly the position of the point of application of the propeller
thrust, plays an essential role in this, of course.

Controllability

One or two air rudders are usually used for heading control. For
improving effectiveness they are usually located in the propeller's air
stream. When a screw propeller is used, the common water rudder or out-

board motor is used.

Drifting while turning, which is peculiar to WIGs, presents a well-
known complication becuase these craft have neither submerged hulls nor
do they carry foil struts. The possibilities for performing banked turns
are 1imited by the dangerous proximity to the water or land surface.
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For steering in a longitudinal plane, practically all WIGs, including
propeller craft, are equipped with an elevator or flap. This gear is
also used for starting and balancing WIGs in a selected flight mode.

Control of the craft in a lateral plane, i.e., when banking, which is
necessary for counteracting turning moments and negotiating sharp turms,
is accomplished with the help of ailerons and ailevators (i.e., ailerons
which additionally function as elevators), or drooped ailerons (i.e.,
ailerons which can also operate in a flap mode). The area of these sup-
pPlementary surfaces is rather large since the speed of the WIG 1is still
considerably less than the speed of an airplane. Thus, the total area of

the V-shaped tail assembly on the KAG-3 is 3.2 m? or about 35% of the area
of the 1ifting wing.

Engines and Propellers

The power of WIG engines is, as a rule, comparatibely small. In rela-
tion to the full weight of a WIG it varies from 80 to 160 hp/t. Most
modern W'Gs are propelled by an aircraft propeller. Its merits are obvious:
the feasibility of attaining high speeds and ensuring amphibious charac-
teristics of the craft.

More rarely, a propeller operating in water is used. 1Its positive
aspects are the comparatively small dimensions, negligible noise, and
most important, its higher efficiency at speeds up to 100-120 km/hr. So,
the specific thrust developed by air propellers while the craft is moored
varies from 2-3 kg/hp, while in screw propellers it reaches 4-5 kg/hp.

Lift-0ff Systems

To move into the basic operating mode, the WIG, just as the seaplane
and ship, should develop a speed at which the 1ift of the wings, which
raises the craft from the water, becomes equal to the weight of the craft.
Model testing has established that the maximum drag (the "hump” on the
drag curve) occurs at speeds of 40 to 607 of the lift-off speed.

It can be seen from Fig. 16 that drag hump R is a result of the increase
of its hydrodynamic component W at increased speed in waterborne mode.
It is precisely to the drag hump (at critical speed v ,) that the minimal

- value of the lift-drag ratio K of the WIG corresponds. If the maximum pro-
peller thrust is inadequate (curve 1), the WIG cannot overcome the drag
hump and will continue to skim with a speed corresponding to point a.

How fast the drag changes during the take-off run can be seen, for
example, from the drag curve of the X~112 WIG (Fig. 17). Upon entering the
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Fig. 16. Curves of the WIG engine
drag and thrust components.
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design mode, R dropped from 25-35 kg to 10 kg and the force-drag ratio
K (when weight D = 231 kg) increased from 7.7 to 23.

For overcoming the drag hump during the take-off run and entering the
design mode, it would be necessary to briefly increase engine power by
2.5 to 3.5 times in comparison with that which 1s necessary for flight.
In practice, the increase in the 1ift pushing the hull out of the water
3 at the moment of the take-off is achieved by the use of some type of lift~
~ off systems: flaps, slats, tiltable wings, water skis, and blower systems.
On Aerosled No. 8, for example, there are two small tiltable wings placed
between the side plates in the air propeller stream. During lift-off the
E middle wing is positioned using the hand drive in such a way, that the
‘ air stream thrown off by the propeller is directed under the main lifting
wing. As a result, an air cushion with increased pressure is formed in
the half-enclosed space under the 1ifting wing bounded on the sides by
semi-floats and in the tail section by lowered flaps. Thus, even when
there is no forward motion, a considerable lifting force develops on the
wing, lifting the craft out of the water.

A 1ift-off system in the form of water skis, i.e., foils of very low
aspect ratio (A = 0.1--0.2 and less) has only been used on the WEILAND
X WIG. It is considered that the rather high force-drag ratio (K = 5 to 6),
the possibility of lowering the craft's G-force during motion in a seaway,
and simplicity are the advantages of the water ski.

A 1i1ft-off system in the form of a special blower system consisting
of two fans with gas turbine drive is used only on the COLUMBIA WIG.

The 1lift-off systems can also be used for decreasing the G-force
during landings, especially under complex hydrometeorological conditionms.

Hull Design

In the design of the hull, flaps, wings, and other components, modern
WIGs are much like airplanes. Most craft are made from light alloys, for
the most part aluminum alloys, with the thickness of the skin and framing
between 0.5 - 2.0 mm (e.g., the OIIMF WIG).

The W. Bertelsen's craft which use a truss structure made of light
steel tubes and dural skin differ somewhat from others. N. Dickinson's
WIG structure is unique. The 1ifting wing and floats are made of contin-
P‘ - vous foam plastic bars tied together by a steel cable.

New structural materials are being used on an ever increasing scale.

Part of the KAG-3's skin, for example, is made from glass fiber reinforced
plastic.
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More about the fundamentals of theory and construction of
flying boats can be found in N. I. Belavin's book WIGS,
published by Sudostroyeniye Publishing House. (Editor)
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