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OVER-WATER ASPECTS OF GROUND-EFFECT VEHICLES

By Richard E. Kuhn,* Arthur W. Carter,™
and Robert O. Schade® :

NASA Langley Research Center

' INTRODUCTION

The large thrust. augmegtetiggjobtainable with annular-Jjet configura—
tions in ground proximity has led to the serious inveetigation of ground-'”
effect machines. The basic theofeticalvwork onAthesenpgegggega_gaglbeeg
done by Chaplin and Boehler (for example, refs. 1 through 3). KLarge

'“_fﬂtggyst-augmentation factors, however, can be obtained only at very low
heights,vthat is, of the order of a few percent of the diemeter of the
vehicle. To take advahtage of this thrust augmentation therefore the
vehicle must be either very large ar_mnet operate over very emoota
terrain. Over-land uses of these vehicles'theaiﬁiii"piebabiy’ﬁe:fatﬁef”:
1limited. The water, however, is inherently smooth and those irregularities
that do exist, that is waves, are statisttpally known. It'appeafs there-
fore that some practical application ef g;ound-effect machines may bel
made in over-water aﬁplication. o | .

NASA research related to ground—effect machines has ﬁeen directed

primarily to obtaining baeic data on the greund—effect phenomena with a

view to determine the;potential and limitations of itsyapplication. Most

of this work 18 reviewed in reference 4. In the present paper this work ‘

will be reviewed from the point of view of over-water application.

:*Aeronautical Research Engineer.
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SYMBOLS

 measured 1lift, 1b

measured drag, b

‘effective total dra’.g, 1b

diamevter- of model , Tt

calculated jet thrust, 1b. |

height above groﬁnd or mean ‘fr‘e-e-water éurface , £t

. \
amplitude of oscillation of height, £t

- : » o .
. height above displaced water surface, ft

wave height, ft

wave length, £t

length of model, ft

 maximm dynamic préssu.ré of airflow along surface, Ib/sti ft

forward speed, ft/sec

moment, ft-1b

attitude with respect to free-water surface, deg-
angle of spray sheet from free-water surface y deg

total pressure, 1b/sq ft

total power required,‘ hp

effective 1ift-drag ratio

mass flow, slugs/sec

Jet velocity, ft/sec

" model weight, 1b



.8 . total plan-form area, "‘é(;' £t i ‘
% Jet thickmess, tn.
" THR SURFACE OF TBESEA ~

| In considering the overéwateriapplication.of ground-effect vehiéiéé
.;ome knowledge of the surfaee conditions to be encountered is necesséry.v
g Water,‘of course, eeéké to maintain & smooth surface. fhe action of the
wind, however, can create very high waves in the open ocean. The coﬁbina- |
tions of wave height and wave length that can be - experienced are plotted
tn‘figure 1. These data (taken from ref. 5) represent some 128 dbserva-. S
tions taken by 15 different investigators from various localities, ranginé"f
~.from a pond at Kensington Park, London, to the trade—wind belt of the North
Atlantic. In compliance with the conventional practice for reporting -
‘wave heights, the heights shown represent the average of the highest: one-
" third of the waves observed. Thus, individnal waves may be somewhat
higher than the data points shown. T

The U S. Hydrogrephic Office scele of sea-state conditions is shown
at the right of figure 1. These sea states are described in the U.8.
Hydrographic Office scale of sea conditions as presented in table I.
Swell conditions are presented'in tabie II. "Sea" and "swell" ere
usually differentrated by defining "sea" as an irregular train of waveé’)
in which a large wave may be followed by one or two- small waves which |
again may be followed by a single large wawe or by several large waves.
The "swell," on the other hand, is & fairly regular train of waves, each
succeeding wave being of about the same height as the preceding‘weve,
althongh over a series of five or six waves thehheight may change
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spprecisbly. A "swell" is usuaelly the decaying form of the sea condi-
tion created by a storm. Sea waves , on the other hand, ane neually wind
created waves and are created by the niixing of several'irave trains. . Th_ese
wave tre.ins are not all traveling in the ‘seme direction but are approaching "
froni varioue anglee , thus, at any éiven point the crest of one wave‘nmy )
coincide with the trough of a.nother to result in a low wave or a trough.
,On the other hand, 1if the crest from ‘two or more waves coincide at a

given point a very high wave results.. In a typical sea no predomina.nt

wave front can be ‘distinguished.-- A "swell," on the: other hand; 1s char-
acterized by a pronounced wave front that can be followed for mi;l.ee.
Additionai information on ‘the surface of the sea can be found in refer-
ences 6 to 9. . |

It can readily' be seen from fignre 1 that the combinatione of'wave'
height and wave length that a ground-'effect vehicle may encounter cover
a wide range. . There are limitations to the heights that can be obtained
however. According to the simple trochoidal wave theory (Lamb, ref. 10)
vaves having height-length ratios less than 1/7 are not physically pos;r
sible. As can be seen from figure 1, only the shorter waves appfoach
this limit. Most of the longer waves are much lower than the theoretical
xnaximum.. | |

The empirical theory of ‘wind waves , as reiriewed in reference 6, on
the other hand, indicates ra.ther low waves (fig. 1). This theory, how-
ever, applies to a single wave train éenerated by wind action on & sur-
face that, without the wind, would l;e calm. The actual m_a?:_e_, as
discussed previously; is formed by the action of a series of interacting ‘

wave trains, some of which were created by winds that have ceased to act.
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The result of this superposition of wave tnains 18 sea heighte th?t are
frequently higher than thoee predicted by wind. theory.

If & large ground-effect vehicle is operating over short waves, the
vehicle would be sble to bridge the waves, as shown in the sketch at'the
uppem left of figure i;» Under these. conditions the height that the -
vehicle would have to attain would have to be such that it could clear
the tope of the highest waves. The theoretical maximum as predicted by
| Lamb would indicate a height of-1/7 of the length or a height of about .
lh percent. This, howéver, is measured‘to the trough of the weves. If
the waves were perfect sine waves, the helght could prdbably be measured
from the average height of the wave or midway between the ereet and the
trough; Under thisrcondition, ‘a height of only sbout 7 percent of the -
diemeter would be required. In practice, however, .waves do notlfollow’
a'simpie sine pattern. In the open ocean,'lamge waves msy be followedl
by a few small waves, followed sgain by sevenal large wemes. The average
mater height would then be considerably less than half of the maximum
wave height. Under these conditions, the altitude the vehicle wnuld
have to attain would probsably lie eomewhere between.10 and 14 percent
of its diemeter or - length. o !“‘.

If a relativel& small vehicle were operating at lpw epeeds:in large
swells such as shoﬁn in the sketch at the upper right of figure 1, the
vehicle could follow the contour of the swells. Under these conditions
1t -would only have to bridge the smaller waves apd a relatitely low
height-to-diameter natdo might be sufficient; It should be noted, how-
~ ever, that this operation could be followed only so ieng as the waves

are not breaking. In the cases where the waves are breaking, the vehicle
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will have to be sble to attain & helght 80 as to clear the crest of the
breaking waves. Some of the characteristics of a ground-effect machine
operating over swells have been investigated in the Langley hydrodynamic

towing tank end will be discussed in & later gection of this paper.’
'HOVERING CHARACTERISTICS

Augmentation Characteristics Over. Water

A primary question concerning the over-water characteristics of
snnular Jets is: How much thrust augmentation canl’ be obtained over
water? To investigate this, a h2—inch-diameter model was used to meas-
ure the thrust- augmentation characteristics over water and over fixed
ground. The results; shown in figure 2, indicate a reduction in augmenta—
tion factor over water when the height is‘measured from the free-water‘
level. The thrust augmentation of an annular—Jet configuration arises
from the buildup of pressure under the base of the model. This base
pressure displaces water beneath the model. When this displacement is
calculated using the measured base pressures and the thrust augmentation
is presented with respect to the height measured from the displaced water
level, an augmentation‘factor slightly greater than,that obtained over
fixed ground is'obtained. 'This improvement in augmentation is probably |
due to the local distortion of the wvater surface directly under the- .
annular jet. This local distortion causes 8 greater curvature of the Jjet
curtain similar to that which would- be obtained if the Jets were inclined

inward (ref. 1).



Spray

A problem that may be of considerable concern in over-water opera-
tion is the spray produced by the outward flow of air from the Jet |
Photographs of the spray experienced in the tests of the Lo- inch-diameter
model are shown in figure 3 for several conditions. These pictures were
taken during the tests to determine the thrust-augmentation factors over
water and were run at constant fan rpm "As a result, the 1lift is ‘not
constant . but decreases rapidly with increasing~height. ‘Reduction in
spray shown thet 1is not primarily a function of height but is a combina-
tion of factors. ' | | |

The primsry factor determining the onset of spray with hovering air-p
craft has been found to be the dynamic pressure of the air flowing radl-
ally outward along the surface of the water. In reference ll and from
related dbservations in winds on the open ocean (ref. 9) it was found -
that spray would not be formed if the maximum dynemic pressure of the
outward flow of air did not exceed about 1.5 to 2.5 pounds per square
foot. In the present tests, spray was not observed below a dynamic pres-
sure.of about 2.2 pounds per square foot. Additional information on the
decay of the dynamic pressure of the outward flow of air as a function
of the height of the ground-effect vehicle is contained in reference 4,

The effects of spray in hovering can be reduced appreciably by the'_
addition of spray deflectors, as shown by the photographs of figure 4.
These deflectors intercept the spray and deflect it out laterally avay
from the model. ACare_mnst be exercised in locating spraj deflectors,

however, to assure that they are not placed too low or made too wide so
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that when operating over the gnound they create a download due te the
secondary induced flows, as exﬁerienced.by flat plates as discussed in
reference 12. |

The nrdblem of spray'is most serious 1n hovering and at 1ow.fofsard
sneeds. As forward speed is increased'most of the spray is produced at
the sides of the vehicle and this is quickly left behind a8 discussed in |

reference 4. P z

Effect of Size on Spfay

The'SPray produced by the model naturally brings up the question:
Does tne spray produced by a model represent the spray that a fuilsscale ”i 
vehicle will produce? Experienge with ship and flying-boat'huils has |
indicated that the sprey produced by a model hull is geometrically similaf
to that produced by the full-scale hull when the Froude scaling laws are
used in determining the model weight and speed.

An experimental investigation has been undertaken to determine
.whether or not these same scaling laws hold for spray produced by the '
air Jets from a ground-effect yehicle} The first preliminary results
are presented in figure 5. For the purposes of this‘investigation a
segment of the periphery of a ground-effect vehicle was sinulated and
arranged so that the slot yidth, height above the water, andAinternal
total pressure cquld be varied. Photographs of the prefilehof the sprey
produced, as depicted in the sketch at the top of figure 5, were taken
for a variety of simulated sizes and total pressures.

The slope of the spray front has been used'in figure 5 as an index

to the spray formation because it could be defined more easily than the
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height or horisontal extent»of.the spray._ Two limits are indicated on
figure 5. Obviously a spray front angle of greater than 90° can not exist .
'with this apparatus, and no spray will be produced when the dynamic pres-
sure of the air at the surface of the water is below about 2 to 2.5 pounds
per square foot, as previously discussed. For a height equal to the Jet .
thickness, reference Ly indicates that this surface dynamic pressure is
essentially equal to the Jet total pressure, 7

According to Froude scaling laws, the weight of a half-scale model
‘would be 1/8 of full scale and the area 1/h of full scale. The pressures |
then would be given’ by the scale factor or 1/2 of full scale.

Comparison of the data for the h-inch slot .at total pressures oflxy.::
«about 8 to 16 Ib/sq ft with the data for the 2-inch slot at corresponding_
scaled-down pressures (h to 8 1b/sq ft) indicates that in this range the
Froude scaling laws are being followed. At lower total pressures, -how-
ever, the scaled-down pressures for the 2- and'l-inch slot approach\the
spray threshold and therefore. could not be expected to scale properly.{
Comparison of the data for ‘the l- and 2-inch slots does not indicate
agreement with the Froude scaling laws. ‘However, here the‘l-inch-slotl
data are approaching either the spray threshold limit or the 90° limit,
which may account for the lack of agreement shown

In general, on the basis of the limited results availahle from this
investigation and the experienceTwith model hulls, it is believed that |
the spray envelope from ground—effect vehicles will scale‘according to
Froude scaling laws provided the spray front does not too closely approach

the vehicle and as long as the dynamic pressure of the air blowing along
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the surface of the water in the model tests is appreciably greater than

the spray threshold of 2 to 2.5 1b/sq ft

Attitude Stability

Ground-effect vehicles, in general, exhibit inherent attitude sta-3
bility over fixed ground when operating\at very low altitudes. This '
stebility usually decreases with altitude and changes to instability}atn
.heights of 5 to 10 percent:of the diemeter denending upon the base con-
figuration (refs. 4 end 13), A comparison of the attitude stability
measured on a circular model over land and over water is presented in

figure 6. The expected trends over land are shown. Over water,'hoyever,

the attitude stability is, in general, decreased appreciably for this
medel for large angles'with'respect to'the surface. At very small angles
this model exhibits attitude stability at all-heights investigated
including the highest height where the model was unstable over fixed
ground. v

Stability depends upon the distribution of pressure on the base of
the model. Over water the same pressures which act on the base of the i
| model also act on the surface of the water and displace the water sur-
face. The displacement of the water results in a change in the basic
pressure distribution and thus a reduction in either stability or insta-
bility as the case may be. It can, in fact, result in a change from
stability to instability or from instability to stability as Indicated
in figure 7 (slopes measured over +29),

The characteristics of a configuration with a recessed bottom are

shown in figure 8. 1In this case an additional factor enters the
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considerations of stabilit&. A side force can act on the internal- |
- vertical sides of the recess when the vehicle is at an angle to the sur-
face. The contributicn of this side force to the attitude stability '
depends.upon the vertical pcsition.of the center of grawity of the‘ccn-:
flguration s shown in figure 8. angg factors which affect the sta-
_ bility.of“ground-effect vehicles oter land and which will probably also
affect the characteristics over water include'the’use of cdmpartmentaf |
tion by adding additional air slots in the base and by changes in plan
form. These have been reViewed in reference 1.‘ o | '

General ccnclusions regarding the stabilitp of ground-effect vehiclesxi
cannot be drawn from the limited amount of research work completed to date;
However, this work indicates that for over-water applications the stability

characteristics should be determined from tests over water.
FORWARD SPEED CHARACTERISTICS

Drag Over Water
The effect of the base pressure under a.horering~ground-effect
. vehicle in displacing water hasCalready been discussed. There had been
some concern that at forward speeds there would be a large drag associated
with this displacement of water similar to that experienced by a ship s -
hull. Such a displacement wave drag, 1if expected at all, would only be
experienced under deep-water conditions. For the depth of the tank used
in these tests (12 feet), the critical Speed is sbout 18 feet per second..
Below this»speed the tanh would correspond to deep water and displacement
wave drag would be experienced on the conventional hull. If a displace—"-

ment drag were assoclated with an annular Jet over water it would only
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belexperienced inAthe present tests at speeds below about 18 feethper
second. Tests were made with a 42-inch- -dismeter model in the hydrodynamic
‘towing tank " For this investigation plywood ground boards were installed
in part of the tank to simulate the fixed ground surface. The results
are shown in figure 9. As can be seen, there are no significant differ-
ences between the drag measured over water and over the fixed ground
boards. There are several factore involved in the fact that no differ-'
ence in drag could be measured. ‘First of all, an appreciable displace-'
ment of the water was observed only while hovering and at low forward
speeds. A ground-effect vehicle displaces ‘water through the action. of
the bage pressure. At fbrward speeds this base pressure is felt by a f
particle of water under the machine only for a finite period of time.

the time required for the length of the machine to pass a given point.
Thus the greater the speed the shorter the time that the base pressure
has to act on a given particle of water and the smaller the displacement
of the water. 1In the present.tests-an appreciasble displacement of the -
water and the associated displacement waye>train were observed only at -
speeds of less than 5 feet per second. At.this speed the drag is so low
that accuracy considerations alone preclude detecting any difference in
drag that may arise over water.

The more important consideration, however, is that. in these test~
the model was held at zero angle of attack. At zero angle of attack with
the flush bottom as used on this model, there 1s no obvious way that the |
effects of displacing the water could be transmitted to the model 80 that
they would show up as a change in drag force. If the model had been free
to trim, however, the inherent stability at a height 0.054 would have
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caused the model to attempt to aline iteelf with the displaced water
contour. 'I‘his- displaced water contour; which is displaced in accordance .
with the period of time thJe base pressure has to act, would assume a
s10pe as shown in the sketch on figu.re 9, with the greatest displacement
at the rear of the model. Thus the model would seek to trim in a noseup
attitude and the 1lift vector would be inclined rearward, producing a
drag force as a component inclined lift vector__:’_'_';{

The results of tests made with a model mounted free to rise and ;
free to trim are shown in figure 10. The ‘cu_rves presented represent a
time history of the asttitude and rise height obtained as the m_odel“vas
slowly accelerated from O to 50 feet per second. In'hovering, the model T
~exhibited neutral stability for's small angle range and the effect of
the spray impinging on the overhanging bow caused the model to tri.m at
& noseup attitude of ebout l 8°. The expected increase in trim angle .
‘due to the slope of the water contour beneath the model caused by the _
displacement due to the base pressure occurred at about lO .feet per sec-‘
ond where a noseup trim atti‘tude‘of ahout 3.50 1is experienced. This is
the speed at which_ the largest slope of‘ the water surface 'heneath' the.
model is experienced. Above this speed the short period of time that s
the base pressure has to act results in the water surface more nearly
approaching the level condition. The increased trim angle e@erienced» '
at the highest speeds is believed to be due to the noseup moment arising
from the inlet momentum d.rag of the air entering the relatively high

placed intake .

-~
~ .

At low speeds the bow wave set up by the forward Jet was in conta‘ct»(

‘with the bow of the model. At a forward speed of sbout 6 feet per second

. ‘v//'r
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the drag force due to the greeh water on the forward lip produced a nose-
down moment, and this moment, eoupled with a rapid increase in rise of
the center of'gravity, resulted in a sudden decrease in trim to near zero
degrees. Above 6 feet per second, the bow wave disappeared ‘end there was
no- visible contact between the water and the model other than that due

to loose spray thrown by the Jet.

,'Height Over Wateh | . .

Qver fixed ground this model would fly at a height;ef about 3 pef-
cent of the model length'(bOttom of fig. 10). 'Over'watep, however, the
effect of the base pressure in displacing the water beneath the model
results in the model operating at & much 1ower height during hovering
and at low speeds. In ‘this case a height of.ebout 1 percent.of~the _
length is experiehced. The effects of the shortened period ef time that
these base pressures have fo act on the water'as speed is.increased
result in the model rising with speed so that above a speed of about
15 feet per second the model rode at dbout the same height over water as

over fixed ground.

6peration Over Swells
The dynamic model used in the investigation of trim ahgle ahd rise |
height in smooth water was also operated over 2-inch swells varying in :
length from 12 to 24 feet. The results of this work are presented in
flgures 11 and 12. The flight of this model over swells was character-
ized by a vertical oscillation of the flight path at exactly the fre-
quency of the wave swell passage. The mean flight path height as meag-
ured from the mean water level is presented in figure 11 and indicates
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that, when operating over sﬁells, essentially the same or sfightly greater’
mean height 1is dbtained as that over smooth water.

The oscillation in height, however, can become appreciably greater
than the swell height as shown in figure'léi In this case the maximum h
height oscillation is obtained at a wave passage frequency of about
1.8 cycles per‘seconds. Tulin in reference 1k presents a theoretical
analysis of the vertical ‘Tesponse of a ground-effect vehicle. This theory'

-predicts that the frequency for peak response of the present model at a
height of 2 inches.(% = 0.03) would be 2.2 cycles per second or slightly-

greater than the 1.8 cycles per second shown on figure 12, An experi- )
' mental check on the natural frequency of vertical oscillation was made
at zero forward speed by dropping the model with power on from several_
helghts and recording the resulting oscillation. Very high damping was
experienced and as a result less than one complete cycle was required"
to completely damp the oscillation. The best estimate that could be
made from the partial cycle obtained was that the statlic natural fre- -
quency was. about 2.2 cycles per second, which ggrees with this theory‘:
but is slightly greater than the frequency at which peak response was
obtained in theAforward‘speed runs oﬁer'swells. This would indicate‘
that there is probably some effect of forward speed on the'effective
spring constant for this model. At the higher frequencies vhich cor- f—
respond to higher velocities the amplitude of . the oscillation of the

flight path decreased rapidly.

There appears to be little effect of wave length with the three

ilongest waves, however the data for the 12-foot waves show significantly
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lower response than for the other conditions. The model used in this
case hsd a length of 5 feet. If the model length was appreciably greater
than«the,weve length relativelyxlittle vertical response to the swells

. would'be expected; In the present case for the wave length of 12 feet

and a model length .of 5 feet ‘these effects of wave length to model length .

are already being felt. .Al
Pover- Required

In order to obtain same idea of the effective lift-drag ratios ‘
obtaindble with ground-effect vehicles, measurements of the. power |
' required for the hz-inch-diameter model were made and are presented in
.figure 15 This is the air horsepower required, that is, assuming ae
lOO-percent efficient thrust system and pumping system and assuming zero
internal losses. The prOpulsive power, of course, includes the rather
high parasite power drag of the present model and the power required to
overcome the inlet momentum drag | -

The measured power required can be used to calculate en effective

A drag and an effective lift-drag ratio as. follows.ﬂ
uDéV
550

then

(L) =
\D/ e 550Pm
The effective lift-drag ratio of the h2 inch-diameter model using the
total power required from figure 13 is presented in figure 14, The liftf .

drag ratios obtained are quite gmall. Even if the parasite drag were
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reduced Vto zero » the lift;dra.g ratios-would be small when compared to '
those of a conventional airplane (12 to 15) or to a helicopter or planing
craft (5 to 7) Higher lift-drag ratios cen be obtained by operating at
much’ 1ower heights than the 5 percent of the diameter used in i‘igure lh
However s this would result in considerable compromise in the sea-state
’condition in which the vehicle could operate or would require extreme
size. Clearly, if the grmmd-effect machine is to achieve appreciable
range, considerable improvement in 1ift-drag ratios will have to be o
obtained. R . - 'i - o

- In order to increase the effective lii‘t-drag ratio, the power ,
required must be reduced. Improved streamlining will help, but only to
‘the extent shown for zero parasite drag in figure 14. 1In order to further '
reduce the power required, the inlet momentum drag and the Jet power must
be decreased. The ‘same forward speeds that produce the inlet momentum .
drag can also be used to produce aerodynamic lift " If the vehicle is
properly shaped so that aerodynamic 1ift can be obtained to reduce the
base pressure and Jet 1lift required, it -will be possible to reduce the-
~inlet mass flow and thus the inlet and Jet power required. - Perhaps-
some marriage of the ground-effect machine with a conventional airplane N
: :can be achieved such that the ground-effect phenomena need only be used

in hovering and at low forward speeds. '
CONCLUDING REMARKS

Results of NASA research on lift augmentation of atmular-,jet con-

figurations in proximity to the ground are in general agreement with
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other work, in that large augmentation can be obtained. However, the
heights involved are only a small percent of the diameter.

The effects of operating over water in hovering are primarily the
generation of a large amount of spray and a- reduction in hovering heighf .'.
for a given weight due to the displacement of the water by the base pres-
sure. The spray prdblem, however, can be reduced appreciably by the

1

addition of spray deflectors.

~

-I

Inherent attitude stability 1s a function of base-plate configura--
tion but, in general, over land is limited to heights of 10 percent of
the diameter or less. The stability characteristics change appreciably
over water and the stability characteristics of any vehicle expected toA
_ operate over water should be.investigafed in model form in over-vater )
tests. -

At low forward speeds,over water, the ground-effect vehicle tends
to trim'in a noseup attitude due to tne_slope of the displaced water
surface beneath the configuration. As speed is increased,'the noseup
trim reaches a peak and with further increase in speed the trim angle
decreases. A drag force will be experienced due to noseup trim because
of the rearward inclination of the 1ift vector.-

Operation of the ground-effect machine at forward speeds over swelis
results in a vertical oscillation of the vehicle thaf{is'greater tnan_ ‘
the wave height at wave-passage frequencies approximately equal to the:
static natural frequency of the vehicle in vertical mofion At speeds
at wave-passage frequencies greater than the natural frequency the ampli-v

tude of vertical motion decreases rapidly.
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Although large thrust augmentation can be obtained in hoveriﬁé, the
inlet momentum drag of the air required to produce'the Jet résults in
relatively high drags at forward epeeds and relatively iowilift-drag.
ratioe.. The iﬁlet momentum drag will prdbabiy have to be reduced by
transferring some of the 1ift to something approaching airplane-type
wings (to reduce the Jet thrust and base 1ift required), if reasondbly ,

high speeds and long ranges are expected.
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TABLE I.- SEA CONDITIONS, U.S. HYDROGRAPHIC OFFICE SCALE

P

Code
figure

Approximate
height of
) sea

Seaman's description

.0

'.Calm - Sea like mirror.

Less than
1 foot

Smooth - Small wavelets or ripples with the
appearance of scales but without crusts,

1 to 3 feet

Slight - The waves or emall rollers are short
and more pronounced, when capping the foam
is not white but more of a glassy appearance,

.3 to 5 feet

Moderate - The waves ar large rollers become
longer and begin to show whitecaps occasion-
ally. The sea produces short rustling sounds.

5 to 8 feet

_Roﬁgh ~ Medium waves tﬁaﬁ‘take & more pronounced

long form with extengive whitecapping and white
foam crests. The noise of the sea is like a
dull murmur, ) -

8 to 12 feet

) Very rough - The medium waves become larger and

begin to heap up, the whitecapping is contin-
uous, and the seas break occasionally; the
‘foam from the capping and breaking waves begins
to be blown along in the direction of the wind,
‘The breaking and capping seas produce a per-
petual murmur.

-12 to 20 feet

High - Heavy, whitecapped waves that show a
visible increase in height and are breaking
extensively. The foam is blown in dense
streaks along in the direction of the wind, °
The sea begins to roll and the noise of the
breaking seas 15 like a dull roar, audible
at greater distance.

20 to 4O feet

Very high - High, heavy waves developed with long
overhanging crests that are breaking continuously,
with a perpetual roaring noise, The whole sur-
face of the sea takes on a white appearance from
the great amount of foam being blown along with
the wind. The rolling of the sea becomes heavy
and shocklike,

40 feet and
over

Mountainous - The ‘heavy waves become 80 high that
ships within close distances drop so low in the
wave troughs that for a time they are lost from
view. The rolling of the sea becomes tumultuous.
The wind beats the breaking edge of the seas into
e froth, and the whole sea is covered with dense
streaks of foam being carried along with the wind,-
Owing to the violence of the wind the air is so
filled with foam and spray that relatively close
‘objects are no longer visible, . .

Note - Qualifying condition applicable to the pre-

vious conditions, e.g., (5 9). 'K“QEF§_§555E,
confused sea, -




TABLE II.- SWELL CONDITIONS, U.S. HYDROGRAPHIC OFFICE SCALE

Approximate

Code S Approximate
fio e height in Description length in .
gur feet . o  feet
o 0 |Noswell 0

1 : ' " .| Short or average | 0 to 600

: lto6 Low swell -

2 : Long Above 600
3 Short 0 to 300
kb 6 to 12 Moderate Average 300 to 600"

5 Long Above 600

6 _ " Short 0 to 300

Greater ' ‘ .

7 then 12 H;gh Avergge 509 to 600

8 Long Above 600

9 | eeicaaa Confused
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Figure 1.- Wave height and length. Height H, is average height of highest one-third of
waves observed
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Figure L4.- Effect of spray deflectors.
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C.G. LOCATION FROM

- INCET LiP, IN.
o .
h/d =.073 Las B O
(ABOVE FREE WATER o O 9.5(NORMAL)
OR'GROUND) L1 oo
Olr
M o
Ld
~olL
-6

Figure 8.- Effect of center-of

-gravity position on stability of configuration with
recessed bottom. ‘



' W%WW/////////////////” 7777777777777

h,
4 =05

_D_ | o ABOVE FREE WATER LEVEL
MV; " 0 ABOVE FIXED GROUND BOARD

0 5 - 10 - I5 20 e * >
T FORWARD SPEED, V, fps |

Figure 9.- Comparison of drag of 42-inch-diameter model over water -and over -
: ~ fixed groundboard. (a = 0).



W

ANGLE

%WWWW > :
41 h

OF
ATTACK, 2
Q, DEG

X =52 LB/FT2

0

£HEIGHT FROM GROUND

L ol '—M
' ] ' 1 . ] 1 ] |

N0 ) — —_———— | B
X o2k :~\\‘/<::’,___./”‘————;—‘t:=v——-~ |
=5 HEIGHT FROM FREE WATER SURFACE

|
o) 5 10 15 20 25 30 35 40
Vv, fps

Figure 10.- Effect of forward speed on trim angle and height.

NASA



MEAN FLIGHT PATH HEIGHT

——

-

‘ ﬂEAN WATER LEVEL
WAVE LENGTH

o 12'

| | | R A
.05 | . a 20'
o4l ' . o 44 424

\ ;SﬂOOTH WATER

NASA
Figure 11.- Effect of swells on mean flight path height.
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Figure 13.- Power required by the b2-inch-diameter model (Lift = 4O 1b, o = 0.)
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Figure 14.- Effective 1lift-drag ratio of the 42-inch-diameter model. (Lift = 40 1b, a = 0.)



NASA FiLE copy

RESEARCH INFORMATION
NATIONAL AERONAUTIOS

AND SPACE ADM!N!STRAHON
Washington 25,0 ¢
JUN 23 1980




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40



