
AD AO GS 850 FOREIGN TEC}*IOLOGY DIV WRIGHT— PATTERSON AFB OHIO F/s 13/10
PRINCIPLE OF THE THEORY OF SHIPS ON AN A IR CUSHION (SELECTED CII —ttC (U)
AUG 78

UNCLASSIFIED FTD ID(RS)T 11U7—78 NI.Hr 
_____ I

___________________________________________________________ ______________ I
END

F L I E D  I

4-79

pt i
I II



______________ ~~ 
I)IP~

5
~~~ 5 I~I~U

2 01•1 =

_________ 

~

‘

4 

~4’1IIII1.25 
~~~~



I

FTD_ ID(RS)T_ 11LI7 .~78

~4’) FOREIGN TECHNOLOGY DIVISION

‘Z:~ PRINCIPLE OF THE THEORY OP SHIPS ON AN AIR CUSHION
(SELECTED CHAPTER SECTIONS )

D D C

78 12 27 18i

I__Il 
public rele:se;

~



1

FID— ID(RS)T— 11147—78

UNEDITED MACHINE TRANSLATION
FTD—ID(RS)T—11147—78 28 August 1978

MICROFICHE NE:

PRINCIPLE OF THE THEORY OF SHIPS ON AN AIR
CUSHION (SELECTED CHAPTER SECTIONS)

English pages: 149

Source : Osnovy Teorli Sudov na Vozdushnoy
Podushke , Izd vo “Sudostroyen iye”
Leningrad , 1970, PP. 1428— 14514 .

Country of origin: USSR
This document is a machine translation.
Requester: AFFDL/FEM
Approved for public release~
•~~stribution unlimited .

_ _ _ _ _  

LA .L~L
THIS TRANSLATION IS A RENDITION OF THE ORIGI.
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY~
ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARII. Y REFLECT THE POSITION TRANSLATION DIVISION
OR OPINION OF THE FOREIGN TECHNOLOGY DI. FOREIGN TECHNOLOGY DIVISION
VI SION. WP.AFB , OHIO.

F TD~ 
ID(RS)T— 11147—78 Da te 28 Aug~978

h ~~ .
- . .:—: .

~ #—:.— ,_



DOC ~ 7811470 1 PAG E 1

Page 428.

IThe setting up of the flexible enclosure/protections even of an small

height (to 0.5 a) viii lead to the essential decrease of keel tossing

during wind agitat ion. turing .oticn on flat and long wn vas, the

tossing acquires the character, different fro. tossing dur ing wind

agitation. During mot ion against waves by length )~~1.2—1.S L~ in the
specific speed range the launcl~ falls into the conditions/mode of

sharp resonance keel tossing with large spread,scopes and the

frequently effective considerable vertical, accelerations. During

motion along wave, the launch goes smoothly, without falling into the

conditions/node of resonance.

With further increase in altitude of flexible

ciclosure/protection (to 1 a) the char acter of keel toss in g during

ir regular agitation vi i i  not change, but sp~ead,iscope s a ni vertical

accelerations noticeably vi ii be lowered.. Tile greates t ampli tudes of

keel tossing are observed during notion against wave wit h low speed.

The spread/scopes of keEl t ossing can reach at this 15— 18° . Wi th

increase of the running speed, the tossin g kecomes less intense,

sprea d/scopes do not exceed 50•
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During motion along wa ve, the spread/scopes of t oss in g are

considerab ly less; howe ver , the uns uccessful co nstruction of the

torepart/nose cell/elements of flexible enclosure/protections can

lead to the phenomena of “bending under” (“breaking ”i of t hese

cell/elements, which lead tc a rapid increase in the trim by the bow

to dangerous values (collapse )~. The phenomenon cf breaking of the

fo rapart/nose cell/elemEnts of f lexible  enclosure/pro t ecti ons can

occur , also, d uring motion against wave at a high speed, w hen these

cell/elements, bei ng deformed unde r the e f fec t  Cf wave , do not manage

to be straightenel to the approach of following wave. To avoid this,

must be provided for the structural/design measures , which eliminate

the possibility of breaking of forepart/nose cell/elameats in all

speed range of course and of centering of SVP during mot ion on calm

water and during agitation.

The separation of the vertical and keel tossing of SIP and

examination their independently of each other is admissible only in

the first approximation. At the large angles of trim, usually is

detected the loss of lift and the caused by this decrease of the

height/altitude of soaring/steaming and, consequeatl~, also the

displacement/movement of the center of gravity of SIP. Thus, pitching

motion, as a rule, it affects tile vertical, and therefore it is more
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correct to examine the longitudina l tossing of SIP, Ieter.ined by

syste. of equations:

A M) U +2N uy +

I- .~J ,) ~ + 2N~ + - k.l~con (~1

Page 1129.

The calculations of the parameters of longi tud in a l  tossing,

their ampl i tude—frequency  and phase— freque ncy cha racteri st ics can be

made on the basis experimental  dat a , obtai ned dur ing model tests.

seve ral words about the proble. of t h e  st a t ilization of SIP

dur ing agitat ion. The statistical .aterials abcet  the par~ Reters of

the t ossing of SIP, given are above, with sufficient persuasiveness

they show that during action during the agitaticn of law court on the

air cushion is is tested the intense on—board and loa;itulinal

tcssing. By comple tely logical in connection with this is represented

the formulat ion of the problem of uodexating the tossing 3f SIP.

It is known that there are three aethcds of the stabi lization of

the vessel:

the structural/design stabilization, attained b~ the selection

of rational measurement s and fcr.s;
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the natura l stabilization , provided with  maneuver in g (change in

the running speed and hcad 1mg/course angle) ;

synthet ic stabilizatio n — use of dampers cf tossing.

St r uctural/design s tab il iza t icn  of SIP to the greatest degree

depends on the measurements of vessel, its displacement,

height/altitude and the ccnstructicn of flexible

enclosure/protections, and also the met hods of the pirtitioning of

cushion and of the volumetric flow rate of air. The range of the

variation of these cell,eievents and of the parameters at design is

very 1
~~mited; therefore structural/design stabilization does not

always give the uncassaty effect. Are lim ited possibilities and

natural stabilizat ions. It is most reliably it is possible to solve

task, utilizing da m pers of tossing.

On there are no floating and projected SIP of the dam pers of

tossing; however, familiarization vith çatent information give s

grounds to confirm that questions of the statilizati n of SIP

seriously are stuiied .

tn accordance ~tt)~ classification (58) the dampers of tossing
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are divided into

activ, or passive — depending on cont’rcl capability by the. and

co.su.ption by them external energy;

grav i ta tional , hydr odynamic and hydroscopic — depending on the

source of the force, which realize/accomplishes stabilizat ion;

dampi ng (increasing the damping force) • that balance (balancing

perturbing force) and frequency (changing tile naturaL freguency of

vesse l) — depen d in g on tha t, as they will change the susce ptibility

of vessel to disturbance/perturbat tons;

the dampers of on— toard, keel and ver t ica l  tosskng — depending

o~ the pla ne of action.

Page 1130.

It is possible to assume that to SIP will find ase in essence

the active and in smaller measure passive dampe rs of tossing.

Unlikely is represented the use of gravit ational da mpe r s w it h  liqu id

cisterns. Is most promising , apparently , ~hs applica~ion/nse of

following three types of the da.pecs of the tossing:

-- -~ —~~~- - •
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1) th e aerod y namic controlled diving rudders ,

establ ish/installed a f t e r  propellers, w o r k i n g  in a i r f l ow f r om

screw/propellers. W ith symmetrical  relative to center—line plane

location the aerodynamic controllers capable of providin g effective

moderation of the rolling •ction. With the location of the

aer odynamic controllers in their forage it is possible to u t i l ize,

also, as the dampers of keel tossing.

Th us, aerodynamic  d iv ing  rudders  in their  rational location and

tile matching system of control can become the mniver5al dampers,

which ensure  moderation of the spread/scopes of on—board and keel

tissing.

2) Da mpers of tossing, insti tuted on pressure ai j u stment  in

d i f f erent Sect ions of t i le air cushion.  Regu la t ing  air supply f rom

fans in the section of the air cushion, it is possible to create

r ighti n g moment , which co mpensates for the Icment  of the external

fo rces, wh ich ef fec t  both in longitudinal  and in transverse plane.

Thus , and this type of the da mper of tossing I is universal,

that ensures moderation of on— boar d and keel tossing.

FOOTWOT E ~~. For the f i r s t  time this type of the  dampe r of the tossing

of SIP was proposed by Eu . lu . Benua. See also the patent of Fra nce 
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ci.. v60 No 1476633 , 196 1. EN DFOOT N O tE.

Its basic advantage is the use as oper ating unit of regu lar

superchargers. External energy will be required only for the drive of

the adjustable shutter/valves in a ir — d i s t r i b u t i n g  channe l s .

3) Hydrodynamic dampers of tossing - controlled or unguided

oentrols , which re present by  itsel f the  low—asp ect—ratio wings ,

working in the incident fluid flow. These dampers can obtain the

application/use on of special SIP cf the ccmp ound config uration ,

basic par t of l i f t  of wh ich is cre ated by t ile air cushion, and wing

systems are u t i l ized for an i m p r oveme nt in stability of no tion and

moderation of tossing .

The bydrod ynamic dampers of tossing can be used, also, to SIP of

class B wi th  ar rangement/p osi t ica  br inging in cm— b oard boats.

Page 1131.

In this case the constructicn Cf ccntrc ls  can be close to the

coastructi on of the on— board controls of t he  wate r—disp lac ing

vessels.

One should expect that within the next few years to the

~~~~~~~~~~~~~~~~~~
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stabilization of SIP will be allotted the ccnsiderabi e a t t en t ion .

§31. Drag—ri se characteristics and deceleration of course d u r i n g

motion during agitation.

Drag—rise charac teristics during mot ion during .igit ation is

ca used b y in teract ion of the hous ing  of SIP and of its i n f l a ta b le

flex ible enclosure/prot€ctions wit h waves, and also that fact that

reactive ccmponent resistance to mction (representin ~ itself the

horizontal project ion of the resultant of air pressur e on bottom)

w i th  th e la rge  spread/scopes of keel tossing per iodical ly  reverses

th. sign, predetermining the nonun iform ity of torwar~l motion.

Inter action of the rigid housing of SIP with wa ve can occur du r ing

motion on the waves of high altitude either wit ) the-

incidence/impingement into resonance tossing, and also in cases when

due to the low altitude of flexible enclosure/protection s, their

unsuccessf ul cons t ruc t ion  or as a result of t h e  under capacit y of f ans

vessel wit h the passage of waves • losesN cushicr, since air losses on

perimeter and especially in areas, which correspond to wave trough ,

censiderably exceed a quantity of air, which erters trom fans. In

these cases are possible the strong blows Ct housing aga inst a

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

The height/altitude of flexible enclosare/protections and fan
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capacit y are selected during design so that would be eliminated the

impact/shocks of housing against water aid its interaction with wave

during motion unde r the assigned/prescribed condit ions of waviness.

Than drag—rise characteristics is determii~ed on ly  by interaction of

f lexible  enclosure/protect ions w i t h  waves and  t he  charac te r  of t he

effect by reactive compcnent.

Dur ing  motion during agitation , til e flexible

enclosure/protections of elastic are deformEd under the action of

waves. To avoid the mechanical contact ef flexible

enclosure/protections with waves is virtually impossible, but during

correct construction it is possible to conside rably lecrea se the

appearin g 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 compris ing of permanent

hy drodynas ic dr ag, recounted during transiticu from model to nature

according to the law of mechanical similarity wit h eiualit y Froude

numbers.

Page 1132.

scmetimes, disposing of sufficient e x p e r i m e n t al  mater ia l, it is

possible to isolate the resistance of interaction of flexible 

- --~~~~~~~~~ - -~~~ - •— - —  --~~~~ -~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ — - — -  — -  — --i-
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•qclosure/protections with water into separate that comprise of total

resistance. So, l u r i n g  the ye ~~ 19611—1965 on the basis of ‘estings

of SIP VA- 3 by the f i r e  Pepeblic was derived emp irica l fo rmu la  for

deter .ining the drag  coefficient of th. fLexible enclosure/protection

C
r.o t,~ L, ~

Pozaula is used under the cosdition

o,
~~ <~_ + ? ~~ ~:~

<o .1.

Key: 4 1 ) .  and .

where h, — ~~ ve he igh t, m;

t — average on perimeter the  value of the clearance oetvean flexible

elcloamr./protection and sh ield , m ;

— lemg tk of the air  cushion , ..

For I A-3 with L,= 15 m , t = 0 . C 2  m and to w a v e  height h,

1 ,0 ii C.rr.  
= 0.25. In speed 11—3, equal to 113 km/ h (31 m/s~ • this

correspond s to an increase in the resisting force on 1170 kg.

During the research design of SIP abroad , is app l ied anot her

formula

— ~t (Fr)1•3.3 
(

~~.f ~
•)

I•2 

(.
~ )

_

____________ — -——
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where Yr — Pronde num ber;

— pressure in the air cush ion, lb/f ta ;

G — weight of SIP, m;

L~ — length of the  air cushio n, fee t ;

— wa ve height , feet.

The resistance to motion of SIP durin g agitat ion depe nds on

lengt h an d wa ve h e igh t , hea ding/course angle , speed of running, ra te

of discharge of air. Figures 183 gives dependence of the resistance

of SIP SKNR— 1 on regular agitation from the enumerated parameters,

obtained accord ing to test results in basin.

Page 1133.

The examination of these dependences makes it possibl e to make the

following conclusions:

a sharp increase of resistance occurs durirg motion against

waves and at acute heading/course angles;
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the greatest value of resistamc. it reaches during motion

against waves by the length A. = 1 ,2 ÷ 1 ,5 L~;

with further increase of wavelengths resistance to motion is

decreased and becomes the approximatel y equal to resistance during

motion by log to wave;

during motion on waves with ~. I -~- 2 L~ resistance in tensely

grow/rises with an increase in the runminig speed;

an increase in a l t i t ude of wave leads to a proport ional  increase

in the resistance;

an increase in the air flow rate makes it possi~le to sharply

lover resistance to notion during agitation.
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Pig. 183. Dependence of resistance to motion SKNR— 1 during agitation

on d i f fe re nt parameters :  a) on KU !; il) on t i le  f a n  capacity and

running speed; C) on the wavelengt h and running spee.i.

Key: (1). Resistance, t. (2). n/mm . (3). Speed , knots.

Page ~311.

Resistance to motion during agitation depe nds to a cons~ ierab le

exten t also on the construction of flex ibl, enclosure/protections and

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
T~~ —~~~~---~~~~
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on t he  centering of SIP. Figures  184 g ives  ccnst ruc te d for

experimental SIP of the dependence of rela t ive supp lenen tar y

resistance during agitaticn on wave height with different Froude

num bers. These dependences are characteristic crly for the specific

ccnstruction of flexible enclosure~ protect ion, specific vo lume tr ic

flow rate of air and ratio of pressure in flexitle receiver to

pressure in cushions, — 1.2.

An increase in the resistance leads to considerable leceleration

of th. course of SVP during agitation.

The given to Fig . 185 dependences of tile speed f running of SIP

on the intensity of agitaticn show that during the a~ ita t ion of 3

points the speed of running of launches SRR5 and SR1!6 falls on

20—300/0. During the agitation of 3—4 points also is subst antial

decelerati on of course SEli ll — largest of fo re ign  SIP.
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Fig. 181$. Dependence of relat ive suppl.mei~tary resistanc. during

ag itation on wave heights  and r u n n in g  s peed.

Pig. 185. Air cushion vehicles seaworthiness.

Key: (1) . Speed , knots.

Page ~l35.

Figures 186a gives the dependences of resistance to notion on

speed of course and wa ve heights, designed icr promising SVP by

displacement 1000 t, while rig. 186b depicts the dependen:es of the

resistance for promising SIP by displacement to 10000 t.

- - — 
--

~~~~~~~~~~~~~~~~ _ _ _ _ _ _
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Fig. 186. Dependence of resistance to motion of prome.simq SIP of

class B on wa ve height and running speed: a) STE by displacement 1000

t; bJ SIP by displacement from 1000 to 10000 t.

Key: (1) . Wave height . (2) . kgf/ mI . (3) . Resistance, t . ( 11) .

Resistance/resistance wi th  1 100 knots , h 1.5 i. (5). Speed. (6).

kqots. (7) . Speed , knots.

Page 1136.

~32. Tertica l accelerations, which effect  on SVP dur ing  motion dur ing

agitation.

During motion even on the short waves, which compose only the

— 

— 

— 

—.--

-- 
—- — 

~~~~~~~~~~~~ 
“
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par t of the length of the  a i r  cushion , SIP is is tested effect of the

accelerations of low amplitude and high frequency. The air cushion

which , it wou ld seem, must damp the slight disturbances and absorb

the accelerations of low amplitude , transfers them to housing. This

somewhat an unexpected phencmenon explained by Cockerell [64 ].

Let us examin e , f o r  e x a m p l e , the mot ion of rectangu lar in t he

p lan/layout of SIP , in cushion of which pr essu re are 300 kgf/m 7.

Vesse l goe s aga ins t  wave s wi th a l eng th of A 0.4 L~, In a mo men t for

the extent /elongation of t he  lengt h of th. air cushio n und er vesse l,

are located three apex/vertexes and two wave trcughs, while  at

fclloving torque/moment wave syste, will move and unler vesse l will

be already two apex/verte xes and three ~ottcms. If du ring this

displacement/movement the velum e of cushioi changed only to 10/0,

then this will lea d (we consider the duct/contour of the air cushion

closed) to a change of the absolute pressure in cushion on 10/0,

i.e., on 106 kgf/m ’ (103304300/100). But lOt kgf/m’ will be 1/3

pressures in cushion, an d the appearance of this pressure will lead

to the emergence of the effective on SIP acceleration, equal to 1/3

g. During a change in the form of SIP and during transit ion from

rectangular to for m with the pcintcd fcrepart/ncse tip ani rounded

stern the sensitivity of vessel to the disturtance/perturbations,

caused by shor t w av es, Is decreased. During motion on the longer

waves of a change of the vclu.e of the air cushion in certain cases,

-- 
- -



-~

DCC ~ 78114701 PIG ? 18

they can be large , and accelerations will increase. Accelerations,

vhich effect  on SIP, caused not only change in the volume of cushion

an d by the caused by it change in the pressure, but also by the

parameters of longitudinal tossing.

As is known, there are physiological thresholds of the

perception of the accelerations of the tossings after wh ich of man

begin to be developed aid tc progress the sImptcms of sea—sickness.

Especially intense ly sea-sickness is developed durin ~ vert ical

acceleration s more t h a n  0. 1 g and ro ta ry  accelerations mor e t h a n  3

deq/st. The value of the permissible vertical accelerations is

designated depenling on the extent of route and the frequency of the

appearance of accelerations. In E n g l a n d  the  tclera nca le ve l of

accelerations for passenger SIP 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 rout e does not exceed 8 miles, are considered

permissible vertical accelerations to 2 g. For SIP of mili tar y

designation/purpose, the tolerance level of accelerations also can be

twil t  up to 2 g.

The prospect of passenger air cushio n vehicles to a consi derable

degree depends on tha t , be managed to solve the pr oblem of the

tossing of these vessels and to ensure  the norma l  a~~ elerations ,

permissible according tc the conditicos of comfort. L n  connection
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with this in England , ware carried out the invest igat ions of the

dependence of accelerations on displacement and measurements of

vessels, the he igh t/ a l t i t ude  of f lexible  enclosure/pr otect ions , the

power of fans and the speed of running (611]. The resu lts of these

investigat ions are given tc Fig. 187, and also to Fig. 188—192.

Page 437.

Figures 187 shows climbing range of the bottom of housing from

bearing surface depen ding on the speed of running ani para meters of

agitation when the vertical accelerations of SIP must not exceed 0.5

g.

It is possible to conclude t h a t  tcr pr cv id ing  the

assigned/pre scribe d level of accelerations iiui.um climbing range

during motion on a n y  va ses up to 300 m in- l eng th  must be 3 • — wit h

speed of 100 knots, 1.8 m — at speed 50 knots and 1.2 m — at speed 25

knots. Since according to the conditions of providing the  s tabi l i ty

climbing range cannot exceed 1/6 width of SIP, then to

• he Ight/a ltitudes 3; 1.8 and 1.2 m will corr eapend the widt hs of SIP

w i t h  respect 18, 11 and 7.2 m. A fter  accepting as prototype SIP w it h

relation L: B~2, is not difficult to determine length SIP, and then

according to the law of s imi l ar i t y  to find disp lacement.

________ - -
— 

- -~
_
.~~~~~~~~- _ _ _  — 
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FIg. 187. Clisb ing range Cf the hous ing of SIP from mater surface,

necessary for providing the normal  accelerations W~~0.5’ g.

~ey: (1) . The maximu , a l t i tude of waves. (2) . H eight/alt itude of

wave, m. (3) . 100 knots (against wave). (II). Displacement  of standard

of SIP , t. (5) . knots. (6) . Height VP , m. (7). knots (on wave). (8).

Wa velength , m.

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:

___________  

L

___________
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in motion with speed to 100 knots — for SIP by displacement 250

t at c l i m b i n g  rang e 3 m;

in motion up to 50 knot s in speed — for SI? by displacemen t 60 t

at climbing range 1.8 m;

in motion up to 25 kno ts in speed — for SI? by di splacement 20 t

at climbing range 1.2 m.

In Pig. 188 the same dependences are designed on the basis of

permissible level of accelerations 0.1 g. To SIP by the displacement

more than 1000 t this level of accelerations can be prov ided at the

runn ing  speed to 100 kno ts at c l imt~ing range of housing more than 5

m; to SIP by th e d isplacement of mor e tha n 500 t — at the runn ing

speed to 50 knots at climbing range of approximately Ii a, while to

SIP by displacemen t of apprcximately 150 t — at the speed of running

of 25 knots.

~ovever, in order to achieve the assigned/prescribed level of

vertical accelerations, it is insufficient tc select the measurements

Cf SIP and climbing range in accordance with the recommendations ,

given to Fig. 187 and 188.

The form of housing, internal air channels, the

—
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relat ionship/rati o of pressures in receive r and in cushion ,

construction and the material of flexible enclcsure/prote~ tions mus t

be selecte d so as to ensu re sufficient  r igidi ty and at th e same ti m e

the adapta bility of an en tire hoisting system.

- ::‘ . ~~~~~~~~~~~~~~~~~

—___
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Pig. 188. Climbi ng range of housin g of SIP from water surface ,

necessary for providing the normal accelerations V~ 0.1 g.

Key: (1). The maximum altitude of waves. (2). 100 knots (against

wa ve). (3). knots. (4). uave height, m. (5). 100 knots (on wave).

(6) . Displacement of s t andard  of SI P , t. (7). Height VP, m. (8).

Wa veleng th, m.

Page 439.

And that is especially important , must be provided the sufficiently

high volumetric flow rate of air for the compensation losses with

tossing.

- 
- ‘~~~~~~~~~~~~ - -~~~~~~~~‘~~~-~~ -‘-‘ ~~~~~~~~~~~~~~~~~~~~~~~
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At the first stages of the design of SYP, the v o l u m e tr ic  f low

ra te  of air is d e t e r m i ned  cu the basis cf tke •piovi sion for the best

running qualities of vessel on cal m water.

As noted in chapter  IV , the curve of the dependence of the .

resistance to motion of vessel on calm bat~ r on the air flow rate has

its optimum. It is experimentally establisb~ installed that this

opt imum for SVP w i t h  f l ex ib l e  enclosure/protect ions of the type

flexible nozzle correspcnds to average cn perimeter jap length

between the bearing surface and the flexible enclosure/protection,

equal to 0.004 L,~. Pot SIP wit h open type transverse-separated

cell/elements the optimu. ratio of gap length to the len gt h of SIP,

it can render/show considerably less; therefore for proviling the

running qualities of SY?, there is no need for increasing cleara~ ce

with an increase in the displacemert.

That determin ing w h e n  select i ng cf p re s sur e  setting up  is now

the requirement of the provision for a volumetr ic  flo w ra te  of the

air, which corresponds to the conditicus of seaworthiness. This flow

rate must be sufficient for the compensat ion periodic air losses with

the tossing of SIP.

Figures 189 gives given data, that characterize the volumetric

f low rate of air for SIP of different displacement. It is possible to
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note that the dimension less parameter, which represents by itself the

ratio of the volumetric flow rate of air to the volume of the air

cushion, divided into the period of natura l bouncing of SVP, does not

depend on displacement. The greatest v o l u m e t r i c  flow ra te  of a i r  can

be determined by the fo l lowing  f o r m u l a :

Q = I ,5Snh r o ~•L• l~ 
_L O ,75S~ I h

r o .  MS/leA (527)

Key: (1). m’/s.

The investigations, carried out in England , will make it

possible to establ ish/install  the depende~ ces between the fan

capacity and the level cf vertical accelerations during the motion of

SYP during different agitat ion with the different running speed. 

iitI tA I - - - -
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rig. 189. Dependence of the relati ve air flcw rate on the

displacement of vessel.

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

Page 11110.

These dependences are given to Pig. 190, 191 , an d their

en amina t i on  makes  it possible to m a k e  the fcl .loving conclusions:

at the speed of running of 50 knots for vessels of cushion of

approximately ‘10 a in length and the displacement of nppro xi.ately

250 t of acceleration they will not exceed C.5 g, if the specif ic

pewer of fans is ‘sO hp/t;

for  providing the  accelerations 0.1 g the necessary speci f ic

power of f ans  grow/ri ses to 65 hp/ t :
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for vessels by displacement of approximately 2030 t of cushion

of approximately 80 m ii, length the specific pcwer of fans will be

lowered respective ly to 20 and ‘$5 hp,t;

at the speed of r u n n i n g  of 100 kno ts, the specitic power of

fans, necessary for pro viding the assigned/prescribed level of

accelerations, sharply crow/rises and ccmpnises at the length of SIP

cf approxi matel y 40 a (G=250 t) from 100 to 120 hp/t, while at leng th

of approximately 80 m (G=2000 t) — from 60 to 90 hp/t.

It is comple te ly  obvious tha t  the power of fans, necessary for

providing the assigned/prescribed level of vertical accelerations at

speed 100 knots, exceeds the limit s technical capabiLities. To SIP

with this running speed , can be provided for only considerably

smaller specific power cf fans, an d there for e  they will ha ve

limitations on the speed depending on the intensity ~ f agitation.

One must not fail to note that the charact eristic of the power

of fans, necessary for providing SIP of the vertical accelerations,

which do nc t exceed 0.5 g (rig. 19C), prov, to he even at speed 30

knots higher than in practice the designs accepted.
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So, the  speci fic pcwer of fans , establizhed/installei on English

SIP 5886 and 5R84, ~~mprises respectively 28 hp/t and 25—110 hp/t.
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Fig. 190. specific driving power of fans of SIP, necessary for

pr oviding the assi gned/prescri bed level of nor m al accelerations

diriag notion 50 knots in a rate of.

..... -. atceler ation W~~0.1 q;

— — — — acceler ation t<O.5 g.

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

Wa velength , m.

Page 441.

Taki ng into accoun t that  the specific p ower , necessary for

providing the a ssigned/prescribed level of accelerations, is

decreased with an increase in the ]inear measurements of SIP, it is

fr.p
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possible to design the power of fans which would be requ ired for

ai r—cus h ion crafts. This power will comprise for SRW6 abou t 60 hp/t,

and for SRW4 — about 50 h p/t.

Howe ver , this essential decrease of t h e  actuallj  avai lable

specific power on of floating SIP in cc.parisc n with calculated for

providing the accelerations WEO.5 g will not lead to a considerable

deterioration in seaworthiness S R N 6  and S884. In connect ion with this

the dependences, give n to Fig. 190—191, can be considered as

desirable maximum.

Utilizing the law of similarity and being lased on test data of

models of SIP during irregular agitatio n, it is possible to predict

the seaworth iness of promising air cushion vehicles. Such

in ves tigat ions were carried out in England , and they will  make it

possible to establ ish/install the  depe n dence of the seaworthiness of

SIP on displacement and the runn in g speeds on t he  tolerance level of

vertical accelerat ions .0.5 g and of power— weigh t  ra ti o of

approximatel y 100 hp/t (Pig.. 192).

The examination of these dependences makes it possible to make

the following conclusions:

on the assigned/prescribed level of t he  allowabl e accelerations
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of law court on the air cushion by displaCement to 120 t t hey can

emerge in sea during agitation to 14 point-s inclusi vely; during more

intense agitation (5 points) their determ ination in sea is admissible

accord ing to safety  condi tions , but the le vel of vertical

accelerations in this case will exceed 0.5 g;.
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Pig . 191. Specific power of fan drives for SIP, necessar y for

providing the assigned/prescribed level of ncnial ac~elern tions

during motion 100 knots in a rate cf.

acceleration W~ O.1 g;

— — — — acceleration W~ 0.5 g.

Key: (1). Specific driving power of fans, hpvt. (2). knots. (3).

Wavelength, m.

Page ~42.
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vessels with displacemen t 250—500 t can move wit h speed to 60—80

knots during the agitation of 5 points, and accelerat ions in this

case will not exceed 0.5 g;

only large vessels with displaceme nt Cf approximately 2000 t

capable they will be of moving at a high speed cf course in the hi gh

sea under storm conditicns.

Let us note that the giver dependences are constrix~ted for  t h e

vertical accelerations cf tossing C.5 g and do not c~ar~cterize

entirely the seaworthiness of ships and air cushion v ehicles. The

lim its of the safe floating of SIP lie/ rest ccnsideribly curve s given

higher than; therefore vith certain digression from the level of the

permissible accelerations (to 1—2 g) of the character istic of

seaworthiness, the y can be substantially improved. As confirmation of

this can serve the graphs of the seaworthiness cf SIP, given to Pig.

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

constructed for the most adverse state of mcticn against wave. During

motion at other heading,course angles of the charactaristic of

seaworthiness, the y will be considerably best.
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Pig. 192. S avorthin.as of promising SIP (normal accelerat ions W.~O.5

9) .

Key: (1) . SIP seaworthiness. (2). i~eight/altitude of wav e. (3). Speed

of running, knots.
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Page 443.
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pig. 193. Change of power—weight ratio of SIP depending on’

displacement and running speed on calm water and during ag itat ion.

Key: (1). Height/altitude. (2). flexible. (3). enclosure/protection.

(IS) .  Speed during agitation. (5). Speed on calm water, knots. (Sa)

hp/t. (6). SIP with complete b reakaw ay from water , knots. (7). SIP

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

Page 4144.
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The mo re total characteristic of the expected saavorthiness of

pr omising SIP give the give n in B. Stanton—Jones ’ known work (75)

dependences of sea worthiness (by characterizable wave he ight of the

*e/o secwr tty, wit h which it i. possible motion of SIP 50 knot s in a
veloc ity of) on displacement and power—weight ratio (FIg. 193) and

also a graph of the power—weight ratio of SVP with an
Aicrease in the displacement (Fig. 194) . During the conmtrnct ion of

these grap hs, was accepted the assuipticn that SIP wi th air motors

they can be created with displacement to 40C t; with larger

d isplacement to SIP, must be provided for the setting up of water

motors (screw/propellers, jets).

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

ccnclusions:

for SVP with displacement to 1400 t the increase of power—weight

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

seaworthiness;

for the increase of the running speed durirg agitation from 50

to 60 knots it is necessary to increase power—weight ratio of SIP 1.5

times’.
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rig. 194. Seaworthiness of prcmisirg SIP.

Key: (1). Height/altitude. (2). flexible. (3). enclosure/protection,

m. (4).. Air motors. (5) . Water motors. (6) . hp,t. (7) . Speed 50

-k Q ots. (8) . Speed 50 knctn . (9). 60 knots of 100 h p # ’t. (10). SIP

without G.O (max.). (11). Gross weig ht, t.

Page 445.

Figures 1914 gives the dependence of the required power—weight

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ratio of promi sing SIP on displacement and running speed. On gra ph

• are plotted/applied the points, wh ich correspon d to power-weight

ratio, the running speed and the seaworthiness of contem porary SIP.

Prom curve/graph it is evident that the required powar—veight ratio

of SIP sub stantially descez~ds with an increase in the displacement.

90, for providing the running speed cn calm water of 70 knots

pewer—weig ht ratio of SIP by displacement 20, 200 and 1000 t must

reach with respect 130, 80 and 60 bp/t. During •otioa against the

waves whose height/altitude is 3/Is height/altitudes 3f fle xible

eoclosure/protection 1k 4,, = 0.75 h,.0), will be provided speed to 20—30

kact s less than during •oticn on celm water.

~33. Swampi ng and spraying of SIP.

Swampi ng and spra y ing of the wa te r—dis p lac ing  vessels is caused

in essence by the keel tossing, accompanied by the impact/shocks of

forepart/nose tip against wave and by the incidence/im pin;eiient of

the masses of water to deck. Unlike swaipinç and sprayin g of the

water—displacing vessels the basic source of spray f3rmatibn during

the motion of air cushion vehicles is the outflow of air from the

zone of el evated pressure , which leads to icrua t ion  a round SIP of the

f i l m  (curtain) of sp ray .  In hover ing  of l aunch  on cushio n (without

course) this film is almost vertical. During motion in pre—svell

conditions,mod e, splash/spatter curtain in forepart/nose tip

_ _ _  
—I
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~radually disappea rs. In post— swel l conditions/mode with an increase

in speed of splash/spa t ter curtain is displace d into stern and

becomes ever flatter. At h i g h  r u n n in g  s peeds , splash/spa tte r f i lm  is

retained in the fo rm of the nar row tail , wh i ch  begins appr oximately

during midsection . Dur ing motion with cross wind , spl ash /spatter

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

SIP.

Spraying considerably grow/rises during the motion of SIP

against wave and wind by the low speeds o~ the course wh en intense

pitching 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 velocity of running speed during

agitation, spraying substantially is decreased.

At low temperature spray formation leads to the icing over of

bousiqg and protruding parts. Propellers, fans and flexible

enclosure/protections, as a rule , in this case do not become covered

wit h ice.

Page 446.

spray formation intensely grow/rises wi th  an increase of the

pressure in cushion. Let us note that the process of spray formation

- 
- ‘ - ,, - :t ... ..

______ -



I

CCC ~ 781 14701 PAGE 40

is not simulated; therefore it is not possible cn the data model

testings to deter.iae the intensit y of spray foraa t i3n.  In Fig . 12 it

is possible to see splash/spatter tail, which is formed during the

motion of SIP SRII3.

§34. Special feature/peculiarities of nautical model tests of SIP.

During the design of full— scale SIP tc simulation exper iment is

given the special importance, since model test makes it possible to

study their behavior during motion during regular and irregular

agitation with different speeds on different courses relative to

wave. During these testings is investigated the altitude affect and

wavelength on the parameters of the motiol! of model, and also the

dependence of seaworthiness of SIP on the iclumetric flow rate of

air , centering of vessel, cons truction, ma terial  an d size~dime nsions

of flexible enclosure/protection. turing model test, is ch ecke d also

the correctness in project cf the architectrra l solutions accepted

a~ d relationship/ratios of main measuremelits.

‘The scales of models can be different — trca 1/20 to 1/2. During

U~e creation of models they do not only observe geometric similarity,

but also they attempt to ensure the similarity of mass distribution,

air pressure in receiver and the air cushion, or the volumetric flow

rate of the air through fans.
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Testing s are conducted on the towe d or self—propelled models.

Sim ulation is prod uced by the observance o,f equ ality FEou d e nu mbers

model and full—scale vessel. Since resistarce is partially caused by

the f r ict ion of the fle ible enclosure,protecticn, which contac ts

with water, simulation according to Proude is uct precise.

During testings of the towed •ode]s, are provided three degrees

of freedom: is allow/assumed tbe possibility of

oscillation/vibration s on vertical line and around axle/axes OX and

OZ. Self—propelled models pcssess six degrees of freedom; therefore

their testings give the most reliable and complet e mater ial.

It follow s to consider tha t  if durin g testing of self—propelled

models the vector of detent  changes direct ion with keel tossing, then

during testing of the towed models this vector retains its direction.

Thus, during towing tests substantially are disrupted the conditions

of simulation . But if we consider that dur ing  motion d u ri ng  ag it at ion

the resistance of SIP it is change d w i t h  the  passage of wa ves, and

cossequently it is changed and speed, thee it w ill become obvious ,

tI~at during tow in g tests wi th  constant velocity are disrupted the

ccmdttions of simulation for the value of detent and its d irection

relative to model .

— — —,—
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Page 4I$ 7~

All this leads to the essential difference for kinematics of the

motion of the towed and self—propelled models u nder identical test

conditions. So, the spread/scopes of keel and vertical tossing during

towing tests prove to be considerably greater than dur in g

self—propelle d testings.

Therefore in order to obtain the s u f f i c i en t l y  r al iab l e  da ta  on

the tossing of SIP and to evaluate its seawcrtbiness, it is necessary

to carry out self— propelled model tests during irregular agitation.

When conducting of seaworthiness trials of large—scale

self—propelled models, appe ar the specific pro blems whose solution

requires the creation of special metering equipment and development

by the person of the measuring technique.

First t h i s  pr o b l e m  — measurement of speeds. The rates of the

motion of SIP relative to water and relative tc air ander actual

conditions are d i f fe ren t .  Tak ing into account that  the  act ing on S~~
aerodynamic forces (including the force of ~rlae resistance) depend

ce air velocity, and flow forces — from sp ed relat ive to water , for

- --- - 
- - -

~ 
— - - -~~~~ 
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the correct determinaticn of forces, it is necessary to kn ow the

val ues of these velocities. N etering equip.ent must record/ fix value

and sense of the vector of speed r ela t ive  tc iater and air .

In the practice of seaworthiness t r i a l s, the speed relati ve to

water is determined by the Doppler meter, which fixes the rate of the

forward .otion of SVP along axle/axes Ox and Ox. Speed can be

determined also durin g the use of a system of externa l measure ments —

coast notion picture theodclite posts, which lead  synchronous

photography of SIP in the trajectory of motion , or aar ia l

reconnaissance of the displacement,movemeats of SYP 3f 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, which effect on vessel, the
measurement of drift angle, equal to arctg~L , must be produced with

high accuracy/precision. In the  pract ice of roa d tests, it is

accepted that the drift angle must be .aintain,withst ood by drive r

within limits of t2—5° and the accuracy/precision of the

determination of those composing speeds along the axes Ox and Ox must

provide the determination of drift argle -with error not more than 10.

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

equipment , establish/installed on board SIP.

• 
- ..

___ - - -•Ni~~~
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Page 414 8.

The usual meters of the airspeed , used on a i rc raf t, fo r  determinin g

the speed of SIP do not befit, since they recotd/fix only composing

speeds along the a xis x and do not iake it Eossible to determine the

vector of airspeed. There fore during testings of SIP, it is necessary

to establish special equipment for the measurement of speed and

direction of incident in SIP air flow. Special attent ion must be

directed to the selection of place for the setting up of the

receivers of equip ment, which measures airspeed , since it is

necessary to eliminate the effect of bousinç and air flow in area of

screw/propellers and air intakes of fans op reveicers of this

equipment.

The increased requirements must be produce d to the

accuracy/precision of the measurements of the angle of t r im .  It is

known that during a ckam g. in the trim differeace on 10 resistance to

motion changes to value G$=0.C175G. If OqE considers that during

motion on cruising speed tie hydrodymamic q u a l i t y  of SIP :omprises

approximatel y 7—10 and, therefore , tesista p ce equall y to 0.14—0 .10 G,

then obviously that dur ing  a change in the t r i m  difference on 1°

resistance to motion can change to 12— 18o/o. Therefor e for
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determining the f3rces, acting on !VP , with accuracy/precision 1—2o/o

it is necessary th. t r im difference to measure wit h

accuracy/precision of 0.05—0.1°. Since to ensure  s imultaneousl y the

si mila r i ty  of hydrodyn a. ic  and aerodynamic forces is impossible, then

th e conditions of the equilibrium of the towed model differ from the

conditions of the equilibrium of self—propelled model and full—scale

SIP, and the  angles of running trim in positioq of eiuilibrium are

mat equal (effect of the thrust of motors is ccmpensated for by the

displacement of the center of g rav i ty  of model) .

L ~~
— — —  — - _ _ _ _
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Pages 449—454.
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