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Page 428.

119 setting up of the flexitle enclosure/protections even of an small
height (to 0.5 m) will lead to the essential decrease of keel tossing
during wind agitation. Luring moticn on flat and lony wavas, the
tossing acquires the character, different from tossiag during wind
agitation. During motion against waves by length A=1.2-1.5 L, in the
specific speed range the launch falls into the condit ions/mode of
sharp resonance keel tossing with large spre¢ad/scopes and the
frequently effective considerable vertical accelerations. During
motion along wave, the launch goes smoothly, without falling into the

conditions/mode of resonance.

With further increase in altitude cf flexible
enclosure/protection (toc 1 m) the character of keel tossing during
irregular agitation will not change, but sgpread/scop2s ani vertical
accelerations noticeably will be lowered. The greatest amplitudes of
keel tossing are observed during motion against vave with low speed.
The spread/scopes of keel tossing can reach at this 15-18%, With
increase of the running speed, the tossing Lecomes less intense,

spread/scopes do not exceed 5°.




pocC = 78114701 PAGE 2

During motion along wave, the spread/scopes of tossing are
considerably less; however, the unsuccessful construction of the
forepart/nose cell/elements of flexible enclosure/protections can
lead to the phenomena of "bending under"™ ("treaking" of these
cell/elements, which lead tc a rapid increase in the tria by the bow
to damgerous values (collapse). The phenomenon cf breaking of the
forepart/nose cell/elements of flexible enclossre/protections can
occur, also, during motion against wave at a high speed, when these
cell/elenents, being deformed under the effect cf wave, do not manage
to be straightenel to the approach of following wave. To avoid this,
sust be provided for the structural/design measures, which eliminate
the possibility of breaking of forepart/nose cell/el2ments in all
speed range of course and of centering of SVP during motion on calnm

vater and during agitation.

The separation of the vertical and keel tossing of SVP and
examination their independently of each other is admissible only in
the first approximation. At the large angles of trias, usually is
detected the loss of 1lift and the caused by this decrease of the
height/altitude of soaring/steaming and, consequently, also the
displacement/movement of the center of gravity of SVP. Thus, pitching

motion, as a rule, it affects the vertical, and therafore it is more

—-—
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correct to examine the longitudinal tossing of SVP, determined by

system of eguations:
G - » W . W e
(E t AM)y+2N,y+ P Y- g k, = cos (af —&,);
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Page 429,

The calculations of the parameters of longitudinal tossing,
their amplitude-frequency and phase-frequency characteristics can be

sade on the basis experimental data, obtained during model tests.

3everal words about the problem of the statilization of SVP
during agitation. The statistical saterials abcut th2 parameters of
the tossing of SVP, given are above, with sufficient persuasiveness
they show that during mctior during the agitaticn of law court on the
air cushion is is tested the intense on~board ard longituiinal
tcssing. By completely logical in connection with this is represented

the formulation of the problem cf moderating the tossing of SVP.

It is known that there are three methcds c¢f the stabilization of

the vessel:

the structural/design stabilization, attained by the selection

of rational measurements and fcras;
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the natural stabilization, provided with maneuvering (change in

the running speed and heading/course angle) ;

synthetic stabilization - use of dampers cf tossing.

Structural/design stabilizaticn of SVP to the greatest degree

depends on the measurements of vessel, its displacement,

height saltitude and the ccnstructicn of flexible
enclosure/ptqtections. and also the methods of the partitioning of
cushion and of the volumetric flow rate of air. The range of the ﬁ
variation of these cell/elesents and of the parameters at design is
very '‘mited; therefore structural sdesign stabilization does not

alvays give the n2cessary effect. Are limited possibilities and

natural stabilizations. It is most reliably it is possible to solve

task, utilizing dampers of tossing.

On there ar2 no floating and projected SVP of the dampers of
tossing; hovever, familiarization with patent information gives
grounds to confira that questions of the statkilization of SVP

seriously are stulied.

%

In accordnn:a‘ﬁith classification [58] the dampers of tossing
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are divided into

active or passive - depending on contrcl capability by them and

copsumption by them external energy;

gravitational, hydrodynamic and hydroscopic ~ dapending on the

source of the force, which realizesaccomplishes stabilization;

damping (increasing the damping force), that balance (balancing
perturbing force) and frequency (changing tke neturai frejuency of
vessel) - depending on that, as they will change the susceptibility

of vessel to disturbance/perturbations;

the dampers of on-toard, keel and vertical tossing -~ depending

cn the plane of action.

Page 430.

It is possible to assume that to SVP will find ise in essence
the active and in smaller measure fpassive dampers of tossing.
Unlikely is represented the use of gravitational dampers with liquiad
cisterns. Is most promising, apparently, the application/use of

folloving three types of the daspers of the tossing:




poc = 78114701 PAGE 6

1) the aerodynamic controlled diving rudders,
establ ish/installed after propellers, vcrking in airflow from
screv/propellers. With symmetrical relative to center-line plane
location the aerodynamic controllers capable of providing effective
moderation of the rolling mction. With the lccation of th2
aerodynamic controllers in their forage it is possible to utilize,

also, as the dampers of keel tossing.

Thus, aerodynamic diving rudders in their rational location and
the matching system of control can beccme the universal dampers,
which ensure moderation of the spread/scopes of on-board and keel

tessing.

2) Dampers of tossing, instituted on pressure ad justment in
different sections of the air cushicn. Regulating air supply from
fans in the section of the air cushion, it is possible to create
righting moment, which ccmpensates for the scment of the 2xternal

forces, vhich effect both in longitudinal and in transverse plane.

Thus, and this type of the damper of tossing ! is universal,

that ensures moderation of on-board and keel tossing.

FCOTNOTE . Por the first time this type of the damper of the tossing

of SVP was proposed by Yu. Yu. Benua. See also the patent of France
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cl. Y60 No 1476633, 1967. ENDFOOTNOTE.
Its basic advantage is the use as operating unit of regular
superchargers. External energy will be required only for the drive of

the ad justable shutter/valves in air-distributing channels.

3) Hydrodynamic dampers of tossing - controlled or unguided

ocntrols, which re2present by itself the low-aspect-ratio wings,
vorkimg in the incident fluid flow. These dampers can obtain the
application/use on of special SVP cf the ccagound configuration,
basic part of lift of which is created by tke air cushion, and wving

systems are utilized for an imgrovesent im stability of mation and

scderation of tossing.

The hydrodynamic dampers of tossing can be used, also, to SVP of

class B with arrangement/positicn tbtringing in cn-board boats.

Page 431,

In this case the constructicn ¢cf ccntrcls can be close to the

construction of the on-toard controls of the vater-displacing

vessels.

One should expect that within the next few years to the
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stabilization of SVP will be allotted the ccnsiderable attention.

8§31. Drag-rise characteristics and deceleration of course during

notiom during agitation.

Drag-rise characteristics during motior during agitation is
caused by interaction of the housing of SVF and of its inflatable
flexible enclosure/protections vith vaves, and also that fact that
reactive ccmponent resistance to mction (regresentiny itself the
horizontal projection of the resultant cf air pressuce on bottoanm)
vith the large spread/scopes of keel tossing periodically reverses
the sign, predetermining the nonuniformity of forward motion.
Interaction of the rigid housing of SYP withk wave can occur during
sotion on the waves of high altitude either witt the
incidence/impingement into rescnance tossing, and also in cases wvhen
due to the low altitude of flexible enclosure/grotections, their
ugpsuccessful construction or as a result of the undeccapacity of fans
vessel vith the passage of wvaves " loses®" cushicr, since air losses on
perimeter and espacially in areas, which correspond to wvave trough,
considerably exceed a quantity of air, which erters trom fans. In
these cases are possible the strong blows cf housing against a

surface of water and a sharp increase of resistance to motion.

The height saltitude of flexible enclositre/frotections and fan
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capacity are selected during design so that would be eliminated the

impact/shocks of housing against water and its interaction with wave
during motion under the assigned/prescribed conditions of waviness.
Then drag-rise characteristics is determimed only by interaction of
flexible enclosure/protections with waves and the character of the

effect by reactive compcnent.

During motion during agitation, the flexible
enclosure/protections of elastic are deformed under the action of
vaves. To avoid the mecharical contact cf flexitle
enclosure/protections with wvaves is virtually impossible, but during
correct construction it is possible to considerably decrease the

appearing during such an interaction resisting forces to motion.

Theoretically the resistance, which appears during interaction of
flexible enclosure/protection with water, defined; therefore during
design this resistance is considered as comgrising of permanent
hydrodynamic drag, recounted during tranmsiticn from model to nature
according to the law of mechanical similarity with ejuality Proude

numbers.

Fage 032,

Scmetimes, disposing of sufficient experimental material, it is

possible to isolate the resistance of interaction of flexible
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enclosure/protections with water into separate that coaprise of total
resistance. So, luring the ye .rs 1964-1965 on the basis of *estings
of SVP VA-3 by the firw BRepublic vas derived empirical formula for

detersining the drag coefficiemt of the flexible enclosure/protection

-66(""”
Porsula is used under the coud itio
__,_1__&(‘ LR
°'°°5<L,,\2L ni i

Key: (1). and.

vhere . - vave height, m;

t - average on perimeter the value of the clearance petwe2n flexible

egclosure/protection and shield, m;
L, - length of the air cushion, m.
Por VA-3 with L,=15 @m, t=0.C2 m and to wave height #, =
10me, =02 In speed VA-3, equal to 113 kmsh (31 m/s), this

corresponds to an increase in the resisting force on 1170 kg.

During the rasearch design of SVP abroad, is applied another

foraula

2. = & (Fn’. 33(“2’) (’—) "
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vhere Fr - Froude number;

pn - pressure in the air cushion, 1lb/ft2;
G - weight of SVP, m;

Lsn - length of the air cushion, feet;

v -~ wave height, feet.

The resistance to motion of SVP during agitation depends on
length and wave haight, heading/course angle, speed of running, rate
of discharge of air. Figures 183 gives deferndence of the resistance
of SVP SKMR-1 on regular agitation from the enumerated parameters,
cbtained according to test results in basin.

Page 433.

The examination of these dependences makes it possible to make the

following conclusions:

a sharp increase of resistance occurs durirg motion against

waves and at acute heading/course angles;

" - A e i
o b et et BBl e e i
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the greatest value of resistamce it reaches during motion

against vaves by the length A =12+ 15 Ly

with further increase of wvavelengths resistance to motion is

decreased and becomes the approximately egual to resistance during

motion by log to wave;

during motion on waves with A =1 +-2L, resistance intensely

grow/rises with an increase in the running speed;

an increase in altitude of wave leads to a proportional increase

in the resistance;

an increase in the air flow rate makes it possible to sharply

lover resistance to motion during agitationmn.
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Fig. 183. Dependence of resistance to motion SKMR-1 during agitation
on different parameters: a) on KUV; b) on tite fan capacity and

running speed; c) on the wvavelengtt and runring speei.

Key: (1) . Resistance, t. (2). r/min. (3). Sreed, knots.

Page 434.

Resistance to moticn during agitation depends to a considerable

extent also on the construction of flexible enclosura/protections and

e g M R -
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on the centering of SvP. Pigures 184 gives ccnstructad for

experimental SVP of the dependence of relative supplementary
resistance during agitaticn on wave height with different Froude
numbers. These dependences are characteristic crly for tha specific
ccnstruction of flexible enclosure/protecticn, specific volumetric
flov rate of air and ratio of pressure in flexitle receiver to

pressure in cushions, ~1.2.

An increase in the resistance leads to considerable deceleration

of the course of SVP during agitation.

The given to Pig. 185 dependences of thke speed >f running of SVP
on the intensity of agitaticn show that during the ajitation of 3 |
pcints the speed of running of launches SRNS5 and SRN6 falls on
20-300/0. During the agitation of 3-4 points also is substantial

deceleration of course SRN4 - largest of foreign SVP.
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Pig. 184. Dependence of relative supplesemtary resistance during

agitation on vwave heights and running sgeed.

Pig. 185. Air cushion vehicles seavworthiness.

Key: (V). Speed, knots.

Fage 435.

Pigures 186a gives the dependences of resistanca to motion on
|
speed of course and wave heights, designed for promising SVP by |
displacement 1000 t, while Fig. 186b depicts the depandenzes of the '

resistance for promising SVP by displacement te 10000 t.

-
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Fig. 186. Dependeance of resistance to mctiom of promising SVP of
class B on wave height and running speed: a) SVE by displacement 1000

t; b) SVP by displacement froa 1000 to 10000 t.

Key: (1). Wave height. (2). kgf/n’. (3). Resistance, t. (4).
Fesistance/resistance with V=100 knots, h=1.5 ms. (5). Speed. (6).
kpots. (7). Speed, knots.

Page 436.

§32. Vertical accalerations, which effect on SVP during motion during

agitation.

During motion even on the short waves, vhich coapose only the
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part of the length of the air cushiomn, SVP is is tested effect of the
accelerations of low amplitude and high frequency. The air cushion
vhich, it would seem, must damp the slight disturbances and absorb
the accelerations of low amplitude, transfers them to housing. This

scmevhat an unexpected phencmenon explained by Cockerell [64).

Let us examine, for example, the moticn of rectangular in the
plan/layout of SVP, in cushion of which pressure are 300 kgf/m2.
Vessel goes against waves with a length of A=04L, In a moment for
the extent/elongation of the length of the air cushion under vessel,
are located three apex/vertexes and twc wave trcughs, while at
fcllovwing torque/moment wave system will move and under vassel will
be already two apex/vertexes and three tottcms. If during this
displacement/movement tlte vclume of cushios changed only to 10,0,
then this will lead (ve consider tbhe duct/contour of the air cushion
clcsed) to a change of the absclute pressure in cushion on 10/0,
i.e., on 106 kgf/m2 (10330+300,/100). But 106 kgf/m2 will be 1/3
pressures in cushion, and tte appearance of this pressure will lead
to the emergence of the effective on SVP acceleration, equal to 1/3
g. During a change in the form of SVP and during transition from
rectangular to form with the pcinted fcrepart/ncse tip anil rounded
stern the sensitivity of vessel to the disturtance/perturbations,
caused by short wvaves, is decreased. During motion on the longer

vaves of a change of the vclume of the air cushion in certain cases,
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they can be large, and acceleratiors will increase. Accelarations,
which effect on SVP, caused not only change in the volume of cushion
and by the caused by it change in the pressure, but also by the

parameters of longitudiral tossing.

As is known, there are physiological thresholds of the
perception of the accelerations of the tossings after which of man
begin to be developed ard tc progress the symptcms of sea-sickness.
Especially intensely sea-sickness is developed durinj vertical
accelerations more than 0.1 g and rotary accelerations more than 3
deg/s®. The value of the permissible vertical accelerations is
designated depending on the extent of route and the frequency of the
appearance of accelerations. In England the tcleranca leval of
accelerations for passenger SVP is accepted equal to 0.1 g at
frequency 2 Hz and are not more than 0.2 g at the frequency of less 1
Hz. If the extent of route does not exceed 8 miles, are considered
Fermissible vertical acceleraticons to 2 g. For SVP of military
designation/purpose, the tolerance level of accelerations also can be

tuilt up to 2 g.

The prospect of passenger air cushion vehicles to a considerable
degree depends on that, be managed to sclve the problem of the
tossing of these vessels and to ensure the normsal accelerations,

pernissible according tc the conditicns of comfort. [n connection
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with this in England, were carried out the investigations of the
dependence of accelerations on displacesent and measurements of
vessels, the heights/altitude of flexible enclosure/protect ions, the
pover of fans and the sgeed of running {64). The results of these

investigations are given tc FPig. 187, and alsoc to Pig. 188-192.

Page 4137.

Figures 187 shows climbing range of the bottom of housing from
bearing surface depending con the speed of runnirg ani parameters of
agitation when the vertical accelerations of SVF must not exceed 0.5

g-

It is possible to conclude that fcr prcviding tae
assigned/prescribed level of accelerations sinisum cliimbing range
during motion on any waves up to 300 m in length must be 3 m - with
speed of 100 knots, 1.8 m - at speed 50 knots and 1.2 m - at speed 25
kncts. Since according to the conditions of providing the stability
climbing range cannot exceed 1/6 width cf SVP, then to
height/altitudes 3; 1.8 and 1.2 m will correspend the widths of SvVP
with respect 18, 11 and 7.2 m. After accepting &s prototype SVP with
relation L: B=2, is not difficult to determine length SVP, and then

according to the law of similarity tc find displacemant.

i
i
|
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Pig. 187. Climbing range cf the housing of SVP from sater surface,

necessary for providing the normal accelerations Bso.S'q.

Key: (7). The maximum altitude of waves. (2). Heights/altitude of
wave, m. (3). 100 knots (against vave). (4). Displacament of standard
cf SVP, t. (5). knots. (6). Height VP, m. (7). Kknots (on wave). (8).

Wavelength, n.

Page 438.

As a result it was establish/installed that the permissible

level of the vertical accelerations of tossing 0.5 g can be provided:
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in motion with speed tc 100 knots - for SVP by displacement 250

t at climbing range 3 m;

in motion up to 50 knots in speed - for SVE by displacement 60 t

at clisbing range 1.8 m;

in motion up to 25 knots in speed - for SVF by displacement 20 t

at climbing range 1.2 a.

In Fig. 188 the same dependences are designed on the basis of
permissible level of accelerations 0.1 g. To SVP by the displacement
sore than 1000 t this level of accelerations can be provided at the
running speed to 100 kncts at climbing range of housing more than S
m; to SVP by the displacement of more thamn 500 t - at the running
speed to 50 knots at climbing range of approximately 4 m, while to
SVP by displacement of apprcxisately 150 t - at the speed of running

of 25 knots.

However, in order to achieve the assigned/prescribed level of
vertical accelerations, it is insufficient tc select the measurements
cf SVP and climbing range in accordance with the recommendations,

given to Pig. 187 and 188.

The form of housing, internal air chanrels, the
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relat jonship/ratio of pressures in receiver and in cushion,
construction and the material of flexible enclcsure/protections must

be selected so as to ensure sufficient rigidity and at the same time

the adaptability of an entire hoisting systes.

-
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Fig. 188. Climbing ramnge of housing of SYP fros water surface,

necessary for providing the normal accelerations Wg0.1 g.

Key: (1). The maximum altitude of waves. (2). 100 knots (against
vave). (3). knots. (4). Wave height, m. (5). 100 knots (on wvave).
(6) . Displacement of standard of SVP, t. (7). Height VP, m. (8).

Wavelength, a.
Fage 839,
And that is especially important, must be provided the sufficiently

high vclumetric flow rate of air for the cospensation losses with

tossing.
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At the first stages of the design of SVP, the vialumetric flow
rate of air is determined cr the basis cf tte frovision for the best

running qualities of vessel on calm water. ‘

As noted in chapter IV, the curve of the dependence of the. 1
resistance to motion of vessel on calm water on the air flow rate has

its optimum. It is experimentally establish/installed that this

optimum for SVP with flexible enclcsure/protections of the type
flexible nczzle correspcnds to average cn fperiseter jap langth
betveen the bearing surface and the flexible enclosure/protection,
equal to 0.008 L, Por SVP with open tyfpe transverse-separated
cell/elements tha optimum ratio of gap length to the length of SVP,
it can render/shovw considerably less; therefore for proviiing the
running qualities of SVE, there is no need for increasing clearance

vith an increase in the displacemert.

That determining whken selecting cf pressvre setting up is now
the requirement of the prcvision for a volumetric flow rate of the
air, vhich corresponds to tte conditicns of seaworthiness. This flow
rate must be sufficient for the compensation periodic air losses with

the tossing of SVP.

Figures 189 gives given data, that characterize the volumetric

flov rate of air for SVP of different displacement. [t is possible to
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note that the dimensionless parameter, which represents by itself the
ratio of the volumetric flow rate of air to the volume of the air

cushion, divided into tte period of rnatural bouncing of SVP, does not
depend on displacement. The greatest volumetric flovw rate of air can

be deteramined by the folloving formula:
<0758, ) h . wflek. (521

i
Q=155 05|/ hfo

Key: (1). m3¥/s.

The irvestigations, carried out in England, will make it
possible to establish/install the dependences betveen the fan
capacity and the level cf vertical acceleratioms during the motion of

SVP during different agitation with the different running speed.

AAS - 0949077

L - -
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Pig. 189. Dependence of the relative air flcw rate on the

displacement of vessel.

Key: (1). Greatest flow rate. (2). Average cperating costs.

Fage 440.

These dependences are given to FPig. 190, 191, and their

examination makes it possible to make the fcllowving conclusions:

at the speeil of running of 50 knots for vessels of cushion of
approximately 40 m in length and the displacement of approximately
250 t of acceleration they will not exceed (.5 g, if the specific

pover of fans is 40 hp/t;

for providing the accelerations 0.1 g the necessary specific

fcver cf fans grow/rises to 65 hp/t;
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for vessels by displacement of approximately 2000 t of cushion
of approximately 80 m ir length the specific pcwer of fans will be

lovered respectively to 20 and 45 hpst;

at the speed of running of 100 knots, the specific powver of
fans, necessary for providing the assigned/rrescribed level of
accelerations, sharply crow/rises and ccmprises at the length of SVP
cf approximately 40 m (G=250 t) frem 100 to 120 hp/t, while at length

of aprroximately 80 m (G=2000 t) - from 60 to 9C hpn.

It is completely obvious that the pover of fans, necessary for
providing the assigned/frescribed level of vertical accelerations at
speed 100 knots, exceeds the limits technical capabiiities. To SVP
with this running speed, can be provided for only considerably
smaller specific power cf fans, and therefcre they will have

lisitations on the speed depending on the intemsity of agitation.

One must not fail to note that the characteristic of the pover
of fans, necessary for groviding SVP of the vertical accelerations,
which do nct exceed 0.5 g (Fig. 19C), prove to te even at speed 50

knots higher than in practice the designs accepted.
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So, the specific pcver of fans, established/installed on English

SVP SEN6 and SRN4, comprises respectively 28 hp/t and 25-40 hp/t.

e et s T
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Pig. 190. specific driving rower of fans of SVP, necessary for
providing the assigned/prescribed level of norsal accelerations
dering motion 50 knots in a rate of.

~=—— atceleration Wg0.1 g;

-~ = — = acceleration #0.5 q.

Key: (1). specific driving fower of fans, hp/t. (2). knots. (3).

Vavelength, m.

Fage 841,

Taking into account that the specific fover, necessary for
froviding the assigned/prescribed level of accelerations, is

decreased with an increase in the linear measurements of SVP, it is
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possible to design the fpower of fans which would be required for
air-cushion crafts. This power will ccmprise fer SRN6 about 60 hp/t,

and for SRN4 - about SO hp/t.

Hovever, this essential decrease of the actually available
specific pover on of floating SVP in ccmpariscn with calculated for
providing the accelerations WS0.5 g will not lead to a considerable
deterioration in seaworthiness SRN€ and SEN4. In comnection with this
the dependences, given to Fig. 190-191, can be considered as

desirable maximunm.

Utilizing the law of similarity and being tased on test data of
models of SVP during irregular agitaticn, it is possible to predict
the seaworthiness of promising air cushion vehicles. Such
investigations vere carried out in Erngland, and they will make it
possible tao establ ish/install the dependence of the seaworthiness of
SVP on displacement and the running speeds on thke tolerance level of
vertical accelerations .0.5 ¢ and of power-weight ratio of

approximately 100 hp/t (Pig. 192).

The examination of these dependences makes it possible to make

the following conclusions:

on the assigned/prescribed level of the allovable accelerations
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of lawv court on the air cushion by displaicement to 120 t they can
emerge in sea during agitation to 4 points inclusively; during more
intense agitation (5 points) their determination in sea is admissible
according to safety conditions, but the level of vertical

accelerations in this case will exceed 0.5 g;.
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Pig. 191. specific power of fan drives for SVP, necessary for
providing the assigned/prescribed level of ncrmal accelerations

during moticn 100 knots in a rate cf.

—— acceleration ¥gK0.1 g3

- = = = acceleration WK0.5 g.

Key: (1). Specific driving power of fans, hps/t. (2). knots. (3).

Wavelength, nm.

Page 442,
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vessels with displacement 250-500 t can move with spaed to 60-80
E kncts during the agitation of S points, and accelerations in this

case will not exceed 0.5 g;

only large vessels with displacement cf approximately 2000 t
capable they will be of mcving at a high speed cf course in the high

sea under storm conditicns.

Let us note that the giver defendences are constructed for the
vertical accelerations cf tossing (.5 g and do not characterize
entirely the seaworthiness of ships and air cuskhion vehicles. The
limits of the safe floating of SVP lie/rest ccnsiderably curves given
higher than; therefore with certain digression from the level of the
permissible accelerations (to 1-2 q) of the characteristic of
seavworthiness, they can be substantially improved. As confirmation of
this can serve the graphs of the seavworthiness cf SVP, given to Fig.

185. And still one the observation: dependences in Pig. 192 are

constructed for the most adverse state of mcticn against wave. During
motion at other heading/ccourse angles cf the charactaristic of

seavorthiness, they will be considerably best.




DOC = 78114701

Fig. 192. Seavorthiness of proamising SVP (ncrmal accelerations Wg0.5

9) -

Key: (1). SVP seaworthinpess.

of rumaning, knots.
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Fig. 193. Change of power-weight ratio of SVP depending om

displacement and running speed on calm water and during agitation.
Key: (1). Height/altitude. (2). flexible. (3). enclosure/protection.
(4). Speed during agitation. (5). Speed on cals vater, knots. (5a).
hg/t. (6). SVP vwith comglete breakavay from water, knots. (7). SVP

without breakaway from vater. (8). Air motors. (9). Gross weight, t.

Page Gu4.
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The mare total characteristic of the expected s2avorthiness of
prceising SVP give the given in E. Stanton-Jones' known work [ 75)
dependences of seaworthiness (by characterizable vave height of the

- %e/0 security, with which it is possible mctios of SVYP 50 knots in a
{ velocity of) on displacement and power-weight ratio (Fig. 193) and

also a graph of the power-welight ratio of SVP with an
increase in the displacesent (Pig. 194). During the comstruction of

these graphs, was accepted the assumfpticn that SVP with air motors
they can be created with displacement to 40C t; with larger
displacesent to SVP, must be provided for the setting up of water

motors (screw/propellers, jets).

Graph in Fig. 193 makes it possible tc make the following

cenclusions:

for SVP with displacement to 400 t the increase of power-weight

ratio from 60 to 100 hp/t leads to the propcrticnal increase of

seavorthiness;

for the increase of the rurning speed durirg agitation from S0
to 60 knots it is necessary to increase power-weight ratio of SVP 1.5

times.
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Fig. 194. Seaworthiness of prcmising SVP.

Key: (1). Heightsaltitude. (2). flexible. (3). enclosure/protection,
#. (4) Air motors. (5). Water motcrs. (6). hpst. (7). Speed 50
kpots. (B8). Speed S50 kncts. (9). 60 knots of 100 hpst. (10). SVP

vithout G.0 (max.). (11). Gross weight, t.

Fage uuS.

Pigures 194 gives the dependence of the required power-weight
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ratio cf promising SYP on displacement and running speed. On graph

are plotted/applied the points, which correspond to pover-weight

——————

ratio, the runniny speed and the seaworthiness of contemporary SVP. |

From curve/graph it is evident that the required powar-weight ratio

cf SVP substantially descends with an increase in the displacement.
Se, for providing the running speed cn cale water of 70 knots
fever—-weight ratio of SVP by displacement 20, 200 and 1000 t must
reach with respect 130, 80 and 60 hp/t. During motion against the
vaves vhose height/altitude is 3/4 height/altitudes of flexible
enclosure/protection (h,, =075 h_ ). will be provided speed to 20-30

kncts less than during moticn on calas water.

§33. Swamping and spraying of SVP.

Swamping and spraying of the water-disglacing vessels is caused
in essence by the keel tossing, accompanied by the impact/shocks of
forepart/nose tip against wave and by the incidence/impingement of
the masses of water to deck. Unlike swamping and spraying of the
vater-displacing vessels the basic source of spray formation during
the motion of air cushicn vehicles is the outflow of air from the
zone of elevated pressure, which leads to fcrmation around SVP of the
film (curtain) of spray. In hovering of launch cn cushion (without
course) this film is almost vertical. During motion in pre-swell

conditions/mode, splash/spatter curtain in forepart/nose tip

PO s -~ s
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yradually disappears. In post-swell conditicns/mode with an increase
in speed of splash/spatter curtair is displaced into stern and
becones ever flatter. At high running sgeeds, sglash/spatter film is
retained in the form of the narrow tail, which tegins approximately
during midsection. During motion with cross wind, splash/spatter

curtain of windward board is related by wind to the tear portion of

SVP.

Spraying considerably grow/rises during the motion of SVP
against wave and vind by the low speeds of the course when intense 1
Fitching mction leads tc large vertical movement of forepart/nose tip
and contributes to the inrush/breach of the large masses of air
forward. With an increase in the velccity c¢f rurning speei during

agitation, sgraying substantially is decreased.

At low temperature spray formation leads to the icing over of
housing and protruding farts. Propellers, fans and flexible
enclosure/protections, as a rule, in this case do not become covered

vith ice.

Page U4u46.

Spray formation intensely grow/rises with an increase of the

pressure in cushion. Let us note that the prccess of spray formation
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is not simulated; therefore it is mot pcssible cn the data model
testings tc determine the intensity of spray formation. In Pig. 12 it
is possible to see splash/spatter tail, which is formed during the

motion of SVP SRN3.

§34. Special feature/peculiarities of nautical sodel tests of SVP.

During the design of full-scale SVE tc simulation experiment is
given the special importance, since model test makes it possible to
study their behavior during mction during regular ani irregular
agitation with dif ferent speeds on different courses relative to
vave. During these testings is investigated the altitude affect and
vavelength on the parameters of the motionm of model, and also the
dependence of seaworthiness of SVP on the vclumetric flow rate of
air, centering of vessel, construction, material and size/dimensions
of flexible enclosure/protection. LCuring model test, is checked also
the correctness in project cf the architectiral solutions accepted

and relationship/ratios of main measurements.

The scales of models can be different - frca 1/20 to 1/2. During
the creation of models they do not only observe geometric similarity,
but also they attempt tc ensure the similarity cf mass distribution,
air pressure in receiver and the air cushion, or the volumsetric flow

rate of the air through fans.

ot
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Testings are conducted on the toved or self-propelled models.
Simulation is produced by the observance of equality Proude numbers
model and full-scale vessel. Since resistance is partially caused by
the fricticn of the flejible enclosure/protecticn, wvhich contacts

vith water, simulation according to Proude is nct precise.

During testings of the towed models, are provided three degrees
of freedom: is allovw/assusmed the pcssibility of
oscillation/vibrations on vertical line aad arcund axle/axes OX and
0Z2. Self-propelled models pcssess six degrees of freedom; therefore

their testings give the most reliable and ccmplete material.

It follows to consider that if during testing of self-propelled
podels the vector of detent changes direction with keel tossing, then
during testing of the towed models this vectcr retains its direction.
Thus, during towing tests substantially are disrupted the conditions
cf simsulation. But if wve consider that during motion during agitation
the resistance of SVP it is changed with the passage of waves, and
ccpsequently it is changed and speed, then it will become obvious,
that during towing tests with constant velocity are iisrupted the
conditions of simulaticn for the value of detent and its direction

relative to model.

-
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Page 447,

All this leads to the essential difference for kinematics of the
motion of the towed and self-propelled models under identical test
conditions. So, the spread/scopes of keel and vertical tossing during
toving tests prove to be considerably greater than during

self-propelled testings.

Therefore in order to obtain the sufficiertly r2liable data on
the tossing of SVP and to evaluate its seawcrthiness, it is necessary

to carry out self-propelled model tests during irreqular agitation.

When conducting of seaworthiness trials of large-scale
self-gropelled models, appear the specific frotleas whose solution
requires the creation of special metering equipment and development

bty the person of the measuring technique.

Pirst this problem - measurement of speeds. The rates of the
sotion of SVP relative to water and relative tc air ander actual
conditions are different. Taking into account that the acting on S7°
aerodynamic forces (includirg the force of ftlse resistance) depend

cn air velocity, and flov forces - from spec¢d relatire to vater, for
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the correct determinaticn of forces, it is necessary to know the
values of these velocities. Metering equipment sust record/fix value

and sense of the vector of speed relative tc water and air.

In the practice of seaworthiness trials, the spaed relative to
vater is determined by the Doppler meter, wkich fixes the rate of the
forvard motion of SVP along axles/axes Ox ard O0z. Spead cam be
determined also during the use of a system cf externil measuresents -
cocast motion picture theodclite posts, which lead synchronous
photography of SVP in the trajectory cf moticn, or aarial
reconnaissance of the displacement /movenments of SVP of the relatively

fixed/recorded on water base.

Taking into account the great effect of the drift of SVP of
relatively water surface cn the forces, vhich effect on vessel, the
measurement of drift angle, equal to Hdg%f. aust be produced with
high accuracy/precision. In the practice of road tests, it is
accepted that the drift angle must be maintain/withstood by driver
within limits of £2-5° and the accuracy/precisicn of the
detersination of those composing speeds along the axes Ox and 0z must

provide the determinaticn of drift argle with error not more than 19,

The rate of motion relative tc air can be measured only by

equipment, establish/installed on board SVE.
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Fage 4u8.

The usual meters of the airspeed, used on aircraft, for determining
the speed of SVP 30 not befit, since they record/fix only composing
speeds along the axis x and do not make it fossible to determine the
vector of airspeed. Theretore durinrg testings of SVP, it is necessary
to establish special equipment for the measurement of speed and
direction of incident in SVF air flow. Special attention must be
directed to the selecticn of place for the setting up of the
receivers of equipment, vhich measures airsgeed, since it is
necessary to eliminate the effect cf housing and air flow in area of
screw/propellers and air intakes of fans om reveicers of this

equipment.

The increased requirements must be produced to the
accuracy/precision of the measurements of tke angle of trim. It is
known that during a chamge in tbe trim differemce on 1° rasistance to
mction changes to value Gy = 0.0175G. If onme considers that during
motion on cruising speed the hydrodymamic quality of SVP comprises
aprroximately 7-10 and, therefore, resistance equally to 0.14-0.10 G,
then obviously that during a change in the tris difference on 1°

resistance to motion can change to 12-180/0. Therefore for

S—————————— v S S
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determining the forces, acting on SVP, with accuracy/precision 1-20/0
it is necessary the tris difference to measure with
accuracy/precision of 0.05-0.1°, Since to ensure simultansously the
sisilarity of hydrodynamic and aercdynamic forces is impossible, then
the cconditions of the equilibrium cf the towed model differ from the
conditions of the equilibriue cf self-propelled model and full-scale
SVP, and the angles of running trim in position of ejuilibrium are
nct egual (effect of the thrust of motors is ccapensated for by the

displacement of the center of gravity of model).

e i
R R L e




poC = 78114701 PAGE 46

Pages 449-454.
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