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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCT IONS
Russian English

sin sin
cos eQs
tg tan
ctg cot
sec sec
cosec csc

sh slnh
ch cosh
th tanh
cth coth
sch sech
csch csch

arc sin sin~~
arc cos cos~

1

arc tg tan~~
arc ctg cot~~
arc sec sec~~
arc cosec csc~

l

arc sh sinh~~
arc ch cosh~~
arc th tanh~~
arc cth coth~~
arc sch seàh~~
arc csch csch~~

rot curl
].g log

GRAPHICS DISCLAIMER
All figures , graphics, tables , equitions , etc.
merged into this tran slation were extracted
from the best quality copy available. ~
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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration
A a A a A , a P p p p R, r
B ~ 5 5 B , b C c C c S, s
B e  B a  V , v T i  T m  T , t
r r  t a  G , g  Y y  Y y  U , u -

)3, ,q 8 D , d ~ F , ~
E e E • Ye , ye; E , e~ X x X x Kb , kh

~H s ~~ Zh , zh L~ ~ LI z~ Ts , ts
3 3 3 3 Z, z ‘-I ‘-i V ‘i Ch , ch
ki ii H U I , I W w ill w Sh , Sb

R 17 Y , y 114 u.~ ill .q Shch , shc h
H H  X x  K , k b b  H

f i n  R i  L , l bi b’ M v  Y , y
M M  M , m ‘

H H  H U N , n 3 3  9 ’  E , e
O o  0 .  O , o iO~ o ~ Yu ,yu
fl n 17 P , p A ~ N a Ya , ya

‘y~ in i t i a l ly ,  af ter  vowels , and after b, ~ ; e elsewhere .
W~ien written as ë In Rus sian , transliterate as ye or ë.
The use of diacritical marks is preferred , but such marks
may be omitted when expediency dictates.

GREEK ALPHABET
Alpha A a Nu N v
Beta B B Xi E
Gamma r y Omicron 0 o
Delta ~ Pi ri •it

Epsilon E £ ~ Rho P p p

Zeta Z ~ Sigma E a c

Eta H n Tau T it

Theta 0 0 $ Upsilon T u
Iota I ~ Phi • ~
Kappa K ~t K ~ Chi X x
Lambda A A Psi ‘I)

• Mu M i Omega 12

I
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Page 32d. 
.

The required relative power of engines depending on the speed of

uotion for are different tyçes transpcrt aEFaratilseS.
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Key: (1). Powe r of engines the weight of appa ratus .
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-

without exaggeration it is possible to skaat’, that the transport

of the future is equal for the aviation: to avtcstroiteli create the

flying hovercrafts, railvaymaces — the expresses, skl’zyashchiy e on

aerolubrication. But especially vividly this succession of views is

• . visible in an example of the water tranEror t for which the proble. of

an increase in the velocity is a question “life and to mert i”.

Ect for whom it is no secret that under onset more the

skorostnykhsopernikov of vodny the transçort gradually loses bygone

çositicns. It suffices to say that even on the tratoscontinenta l

lines, where still recently he was considered monopolist, today almost

65o/o of the passengers give the preference of aviation and only

remain 35o/o travel aboard of oceanic liners. This is the regular

• phenc.enon: while jet aircraft will bear pasairov with a velocity of

800—900 kilometers an hour, mighty ships they measure the ocean at the

“tortoise” velocities into 50—60 kilometers an hour. And to entire by

fault the enormous resistance which experience/tests the immersed in

water ships hulls.

with an increase in the velocity, this  resistance increa ses f irst

proportiona l to its square , but then rapidly gathers  rat e — increases

proportional to the velocity in the thi rd , fou r th  and even f i f t h

degree. Here no longer is necessary to speak about f ight  for

skorost ’putem increases in the power of the engines: for t h i s  into

engin, plant , it was necessary to povra t i t ’  ent ire  ship. This is why

----- -- •--rn—-—- - - • -.~-.-~~~ ----- • ~~.- - -~- - —----~ _ -_ m___  - ~~~~~~~~~~— ----- 
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only with  the advent of hydro foil s , which  bui l t  up ships hul ls  above

waves crest, ship-builders could overcome the cherished border of the

commercia l velocity on water into 100 kilometers an hour.

But hydrofoil ships not to end are released from contact with

water, but iain, wit h an increase in the size/dimensions of law

courts, they noticeably lcse their high quality. Therefore their

- 

: nearest achievement s on water routes ship—builders  today l ink with

aerokhcda wi — to ships on air cushion , s imi la r  levered recent ly to

water to pyatidesyatiiestnom u “Sorno vichu ”. Th ese fly ing expresses,

capabl e of developing velocities to 180 and more kilometers in hour ,

another  tol ’k enter the life. Mid nevertheless in them already

appeared terrible rival — the winge d apparatuses, whi ch obtaine d the

name of ekranoplano v..

• Najority of those which are develop/processed today in the

different countries of the world of ekranoplano~ at first glance

d i f f e r s  little from the aerokhodov: will hold them above water all

the same air cushion. but the principle of the creation of thi s

cushion already entirely another. And in this the major advantage of

the new means for water transport. Here it is appropriate to recall

the differences between the helicopter and the aircraft: while the

first it is held in air on the thrust/rod of its screw/propeller,

which lust be equal or more than to the weight of the apparatus

itself , aircraft holds in air the lift of wings, and engines they

provide only for ward motion and their th rus t~ rod is equal 
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approximately the eO—evesa of machine.

Approximately so they diffe; the friend of otdruga and aerokhod y

with the ekranoplanami: of the first the air cushion is created by

the continuously working fans, and of the second the power of engines

is expend/consumed only on the overcoming of aercdynaiic drag , and

cushion (is more precise — lift) it is provided by wing. Hence the

same advantages that and of the aircraft before the helicopter: less

powerful and heavy dvigatel’ya is insta llaticn , the lowered/reduced

fuel consumption s. more vysokayapoleznaya lead and finally the

possibility with other ravsloviyakh to obtain higher flight speeds

(see curve/graph n4—y page of colcred inset). The design/projected

-
, - already segod o ekr anoplay ,  f igure  of cue of which is given there, will

spsobn y accept on board severa l hundred s of pasaihirov or dozen tone

of the load and supply them through the ocean wi th  speeds to -

kilometers an hour. But in the future cf the  speed of s imi la r

machines in pr intspe they  can grow to 300 and  even 450 kilometers an

hcur.

The phenomenon , placed as the basis ot the principle of the

dvizheiya of ekranop lanov , is know n  a l ready more than fo r ty  yea rs.

Even at the glow of aviation , in the middle of the twentieth years,

the specialists focused at tent ion on the s t r ange  beha vior of the wings

of aircraft  during the motion of the uzen l i :  in spite of all laws of

classical aerodynamics , th ey created large l i f t , than at remain ing

height/alti tudes pole/

I

- -  •~~ ___.~ _ _ _ .fl_s~ _s____- 
~~~~~~~~~ -



- - - ;—~ ~~~~-~~ -- - - -~~ -- - - -~~~-- --- - •—
~~~ -- 

- 
- -.

— - - - —. _•____,--_I ~
__

,
__ 

~— -•-- - -

10—09— 76 hzhz h 7

Page 31$. To perceive entire significance of this phenomenon it was

necessary almost immediately: it served as cne of the reasons for the

emergency of the heavy aircraft of the “lerent cf Tripleyn”. But
-

- 

- later a l i ttle t ime in almost so unp leasan t  a s i tuat ion wit h it

- 
- clashed the designers of the English aircraft tc “Suollou”.

Light/lung monoplane to the “Suolicu” of pednaznachalsya for a

sale to the pilot—amateurs and for the sake cf simplicity in the

• piloting is bygone is equi pped by sufficiently large wing. This

machine possessed fair flight characteristics, but already during

tests in it, was reveal/detected disadvantag e — it thrust did not

desire to sake a landing. It is more precise, to make a land ing

according to rules. Accomplishing technique landing at that time in

principle differed little from the contemporary: after

maintain/withstanding aircraft in gliding flight in two—three meters

from the Earth, pilot gradually geared down to the value by which the

l i f t  of wings staovilas’ less than the weight of machine, but still it

made it possible for it to smoothly s p a r a s h yn t i r o v a t ’  to la ndin g

strip. Aircraft  “Suollou” continue d to plan/glide almost to the total

lcss of speed . Here lift , it is natura l , in s t an t l y  fell almost to

zero, and aircraft roughly slapped itself tc the earth, causing in the

pilct cf perception in any way from pleasant.

The “insidious” behavior of a i rcraf t  was expla ined whole  by tbat

phenomenon of a unforeseen increase in fle l i f t  Cf the Earth. This 

_• • ~~~~—- —~~
---------

~~~_ — - - - -. -— — • - -
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force held machine in air even when , acccr d ing to all calcu la tions,

speed was bygone by c lear ly  i n s u f f i c i e n t .  Is removed this defect is

bygone exactly as this is made on contemporary glider/airframes,

aircraft they supplied with the landing flaps, allowing for the pilot

at the nece ssary torque /moment was sharp  to impai r  aerodyna mics of

wi ng and thereby to force machine to be lowered .  But at t h e  same t ime

this preced ent forced the scientists and koruktorov more vin imate l ’ no

= -• to study this phenomenon , obtain the name of the “effect of the effect

of the Earth”, or the “effect of the effect cf screen” . m e  Tah the

• theoretical and exper imen ta l  s tudie s, car r i ed  out  at the end of the

tw ent ie th  — the beg inn ing  of t h i r t i et h  years , th ey show ed tha t  the

“effect  of the effect of the Ear th”  w as caused 1y three p i n a m i , by one

of the k t orykh  it is the  a pp e a r i r g  under  w i n g  a i r  cushion. The

driving above the earth/ground or any  knoy  sur face  (screen) wing

seemingly pressed hearth itself relative wind , and under wing is

formed high—pressure area (diagram 1 cn 4—1 page colored inset) . As a

result cii the force AT whose value depends on flight altitude N — the

distance between the wing and the screen. When height/altitude N is

equal to the half of wing chord V. lift increment composes a total of

2—30/0. But if wing is approached the cart b,grcund already to cnc

fourth of chord length, then increase will increase to lOo/o.

The given numerals can seem by those incomparable wit h the

size/dimensions of those “trcubles”, which  supp l ie d to the avia tors

the “effect of the effect of screen ”. But the fact is that along wit h

the formation/ education of air cushion screen causes even a change in = 

~~•~ - ~~~---- -~~~-~~- ~~ —- .- -~~ -- ~~ -~~~~~ ---~~~ ~~~~~~~~~~~~~~~~~~~~~~~ - • -- ~~~~~~~ -~~~~~~~~~ ~~~~~~~~~ -— --~~~~~~~~~~ -~~~~~~~- - -- ~~~~~~~~~~~~~~~~
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the entire f low pattern of wing of air flow. In this case, also

occurs certain uveicheniye of l i f t  and subs tan t ia l ly  descends d rag,

which is explained by the following two reasons.

It is known tha t  if the r zm akh of wing  is not infinite (but the

latter can exist only in theory) ,  then  at  it s  en ds unavoida bl y appear

!khvcsty ” from the strongly twisted air — the  so—called end visri.

The Istochnikm of the  emergence of the et ikhkh  of eddy/vort ices is

part of the air, which overflows through wing ti ps from under its

lcver surface where the pressure is higher , by upper (diagram 2 on 4—1

pages colored inset). Tip vertexes serve as one of the basic pichin

of a deterioration in the aerodynamic characteristics of real wings in

ccm parison with “ideal” infi nite—span wings. Screen, as is evident in

the diagram , partially “it destroys” these eddy/vortices, which wit h

respect gives to an improvement in the aeyacdinamiki of wing.

The second reason for an improvement in the aerodynamic wing

characteristics dur ing moticn of screen is ccnnected with the process

of lift formation — the latter is accompanied by drag divergence.

This part of total resistance x whose emergence is connected with the

formation/education of pod ’yeancy force, is called of the ind uctive

reactance of X ,1 .. The ver y “mechanism ” of lift formation,

figuratively speaking, lies in the fact that  the  wing  re jec t/throws

relative wind down, deflecting it to certain angle of ~~~~~~ -. •, called

the dcwnwash angle (diagram of 3 cii 4—1 pages colored inset).

on the value of this angle depends the inductive reactance: than it

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --•~~~~~~
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sore, that more and resistance.’. ‘t ., ~~~=~~~
-
~~

- Altitude effect of the

flight of ii TT~during the motion of win g near screen to the values

of the isdactive reactance of ~X~K ~ and lift—drag ratio of

Key: (1). indktivnoye resistance outside screen.

~-) (a)
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When the wing move s at screen , the latter seemingly reflected the

dovnwasb of air. In this  case, the rake angle  dec reases, and together

with it ind uctive reactance decreases to the value of .~‘v ...

The size/dimensions of an improvement in the aerodynam ic

characteristics in the last/latter twc cases just as value of

swp~lementary lift at obrazovani under the win g of air cush ion, depend

on flight altitude. Specifically, a reduction/descent in the

ind uctive reactance with a decrease in the clearance (distance)

between the wing and screen can be evaluated with the poso’ yu of the

curve/graph of A - to the right, On curve/graph it is evident

tha t if the flight altitude of H cospcs€s z ~‘Z.. from the

spread/scope of the win g of L. ~, then inductive reactance becomes

less almost to 3~’%. - Eve n more boshchim is the given t o . t he

right cur ve/graph of 
~~ 

, constructed tak ing  int o account the

formation/education of air cushion. On it the pckzano is the altitude

effect of the flight of /1 on value, the sc—called lift—d rag

ratio of ~~~ - is one of the fundamental characteristics of all

flight vehicles.fThe lift—drag ratio of . — this is its kind

the efficiency of the aerodynamic shape of flight vehicles. It

pedstavlyaet in itself the ratio of the od”yemncy (useful) force of

to the drag of X • for the overcoming ktorogo, strictly

speaking, and is expended entire work of the dvigate’noy setting up of

• machine. If we com pare, for example , tvc aircraft with identical

• weight, but the different values of quality, then better/best, it is

natural, will be that of them at whose quality is above: producunq

the necessary (equal to weight) lift of this aircraft will be 

•. - .~~~~~~~~~~~~~~~~~~~~ • , • • ~~~~~~~~~~~~~~~~~~~~~
_

~~~~~~ — . - ~~~~~
-•
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ccnnected with the overcc.ung of less drag, and therefore to this
= aircraft are necessary they will be the less powerful and heavy

engines, which expend less than the fuel/propellant. Rut furthermore,

pleznaya output/efficiency of aircraft with large lift—drag ratio will

be above. 3

Of contemporary passenger the samoletc lift—drag ratio on. the

average is equa l to 18. But if we now look to the curve/graph, of

5, - 
, then it is not d i f f i cu l t  to note tha t with the very low

vysotakhkh of flight, components less the O./ of the chord length

of wing, the effect of screen becomes sc ccnsiderable that  the

- 
•~- lift—drag ratio grows to 31Da$~~ • There is no need to expla in, how

large advantages would give aviation the use of this effect. but for

etogonuzhno to bygon e “learn” aircraft, which is called, “to pol~at’”

at Ear th itself. This “but” became that stumbling block, against

- 

- ktoryy were divide/marked off all attempts to run the “effect of the

-

~ :~ effect of screen” on aviation.

Even today, when high—altitude aircraft “changed” the fourth ten

kilometers, and rockets are fixed to the moon, the layer of the

atmosphere, which lies in immediate ptoximity of the Earth, still

remains not tc end the subjugated zone. Of course, helicopters and

aircraft successfully overcome it during takeoffs and landings. But

cnly overcome, the prolonged low—level flight (flight on low vysoye)

requires of the pilots of maximum of attention, resourcefulness,

skill, the courages: is too capricious and cut the dandshaft of our
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planet, are too insidious iziennivy the raging of its surface

descending and up drafts, too few instants it remains here in the

plicts to the restraint flvzbryknuvshikhu machines.

And nevertheless these difficulties could not eliminat e the

• attempts to utilize an “effect of the effect of screen”; are very

tempting tale promised tc them prospects. one of such attempts, true,

only with the partial use of an effect, undertook into /M~ 
- to

year the German aviation specialists.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -,~J
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- Page 36,
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Aircratt split to— x during the experimental flight above North Sea

Ua~ 
- -

~~~
-
~ are year) .

- 
- _~~~~~~~I~~~’

Diagram of the ar.osleigh—3kranoplana of construction Finnish engineer

T. Kaariyu.
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On the curve/graph of - -4~~P~ the flight altitud e of j~~~2~ not is

randomly compared not  wi th  wing chord , but  w i th  its spread/scope;

whole the fact is that the “destruction” of tip vortexes, but main, a

decrease in the dovawash angles are observed at height/altitudes

• - considerably greater than necessary for forsaticu/education under the

- . wing of vozdshnoy cushion, this circumstance and blo used during the

experimental flights of heavy German seaplane f Cr Dorn’ye to— i:

aircraft flew above North Sea at height/altitude of approximate ly ten

meters, and in this case the fuel consurpticn prcved to be less than

• durin g flights outside screen (pbot c abc-ye).

- In spite of this success, the “effect of the effect of screen” so

and not “got accustomed ” in aviation. Fut already then, to the

- - vseredine of thirtieth years, it accepted “uçor armament” the

designers of ground— based cross—country machines . By pioneers in this

• area became our compatriot, inventor Eavel Grokbcvskiy, who proposed

to utilize this effect in apparatus—amphibia ns, and Finnish engineer

-
• 

- 
T. kaario, that developed a series of the ccnstructions of the flying

ateosleighs. These machines and tales by the prototype of those

flying ships, ktorye obtaine d today the sonorous name of ekranoplanov .

The first  a reosleigh—3kranop lan , ost royenny e Kaario into ~,f?jS~

to year, were enguneless apparatus with wing—shaped korgusom and

“chassis/la nding gear ” in the fo rm of skis. First in vrey a testing

tb. apparatus moved yua buksireye after special areosleighs. Then to
- . machine ii bygone is established/installed small piston engine with

pusher propeller, and it obtained possibility tc move independently.

4

~ 

—  -~—-• -,— - -~~~~~~~~~~~~ - • , ~~~~~~~~~



- -  

10—09—76 hzhzh 16

This appa ratus began acceleration/dispersal ca skis, and then , when

the l i f t  of housing became sufficiently large, it blew away from the

Earth and slipped above snow cover on air cushion. During the

subsequent years of T.. ~aaric, constructed another a series of similar

machines whose by basic aggregate/unit is bygone “wing—ram ” — the

wing, using velocity head of relative wind (diagram be
’
ibw).

— It cannot be said that following twenty five years would pass

without leaving a trace lya the developments of the idea of

ekranoplanov — for these years the different designers in the

different countries would create a whole series cf the already more

• advanceed machines. Would ~e undertaken the attempts at least to

partially utilize an “effect of the effect of screen”: for example

the inventors G. Lipsan and a. Norozov proposed project azrosaney with

wing, the lift ktorogo mus t was bygone unload rear ski (Fig-c on page

of *~37 t ) .  But already then it is bygone it is clear that the

necessary f fek t  wing can give only when it mcves above the screen with

sufficiently high speed — -~~~~ ISO and more ki lometers  in hour. For a

dry land these •ange in any way it is not possible to name safe: the

inequality of relief, the stumps, hidder under snow stones and

hummocks can lead to the emergency of the sliding of the Earth
- 

- 
machine. Perhaps of all developed during many years ground—based

-= • appara tuses, which use during motion aerodynamic lifts, only

areosleigh—amphibian, created into 
~~~~~~~~ 

, headed by design project

leader a. N. Tupolev , poluchli univ ersal acclaim are constructed

seriyao (photo in 4—i pages coloted inset). This is why “originated 

---— - - - - —-—,- — —~~~~ - ~—- • — —-----~---~~• - - -—-- -- —a-—— — ~~~~~~~~~~ ._ -
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in air” the idea of ekranoplanov again replaced “registration”: from
dry land — to water

Approximately at the end fiftieth — the beginning of the sixtieth

years a series of f i rms  and scientific organizat ions approached toward

serious investigations in the field of prod ucing ekranoplanQv~—

cceanic liners.

- - • -— -a-— - ~~~~~~~~~~ ...~~~~~ a — ______ ~~~
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Page 37.

Viagàd areos]eighs, proposed by the soviet irventors by G. Lipman and

A. Mcrczovs (project).

T._—’ — 
-

~~~~ 

-

a __
- ;_ — ~~~~~ ~~~~~~~~~~~

Experi mental boat—3kranoplan of the American firm “Lockheed” during

tests.

Radio—controlled model of the ekraaoplaea of the English firm

I
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The last/latter tales are selected as the most promising object of

study not randomly: large role here played the sad experiment of

aviation in mastery by flight of the Earth. In crder to simplify

piloting technique winged ships and tc avoid their “collisions” with

sea waves, the designers attempt to ensure the sufficiently hig h

altitudes of flight and at the same t ine to preserve the “effec t of

the effect of screen”. above has already been said that the effective

= flight altitudes depend on the size/dimersicus cf wing — its chord and

spread/scope. But this means that to kill those which were indicated

“two hares” possible only in one manner — by making large—size

ekranoplany .

But, holding course of producing the encrmous flying liners, the

designers and the scientists thus far ccnduct investigation and

experiments on models and small experimental launchhes. with one of

the first such investigations began tc carry out the American firm

“Lockheed ”. In /9t~.-’~ to year on it constructed that which fly
boat—catamaran, equipped with five— meter wing with the airfoil/profile

of large curvature (photc above). This wing is bygone

established/installed in such a way tha t its leading edge was

arrange/located highly above water, open/disclosing to air free

“inlet” under wing, and rear, on the contrary, almost concerned the

airface of water and thereby impeded the rapid discharge of air

cushion. From the side the outflow of air from under wing it was

restricted to two lowered down washers, threplenrymi on the kntsakh of

wing. Duri ng tests, the boat was accelerate,dispersed simi lar to

usual lamach, and when airfoil lift it became sufficiently large,

— a--——-— • -—- -----—, — ~— -.- ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ —~~~- &
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housing hea ved above water , leaving in it only the screw propeller of

suspension motor.

• The similar diagram of apparatus with the wing, equipped -with

kutsevyni washers , used in the model of ek re n op l an a  the English f i r m

“Collins” (Pig. below). This model prednanachalas’ for the stability

analysis of stability and controllability of vin~ed machines and

outwardly it reminded the aircraft of the diagra m of “weft” — on to

the nose of elongated fcrward from the wing of the fuselage of model

was bygone was established/installed rotary stabilizer. With the aid

of this stabilizer and the simplest uprvlyayusbclego device in the

form of pendulum , automatically was provided the so—called

longitudinal stability of the machine: in direction nose — tail.

When model nosed down down , pendulum it was deflect ed forward and in

this case it turned stabilizer n larger angle of attack.

-~
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- Page 38.

- Experimental ekranoplan of the Japa nese tim of “Navasaki”: to the

L left —vo the tine of apron , to the right — during road tests.

Photo and the diagram of T. Kaario ’s ar€osleigh—3kranoplana from

povorotnm by the supplementary wing, which ensures the emerge nce of

air cushion at the low speeds of motion.

Hypothetica l figure of transport ekranoplana with turbojet engines for

- the uskrenlya of acceleration/dispersaL 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • •~~~~~~~ 
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- : Lift on stabilizer increased snd returned t h e  ncse of appa ra tus  to
- 

normal position. But if ns, on the contrary, it was scored , then

pendulum automatically decreased the anq].e of attack of stabilizer.

- 
The “geography” of investigations in the field of producing

- ekranopl anov supplemented the Japanese designers of the firm of

“N avasaki” (photo abcve ) .  In ~~~~ to ye ar they in i t i a t ed  the
• tests of the dyadic/two—place winged appaata , executed by the diagram

of “trima rana” — during apron machine held on water three housing—

- floats, two of them tales are fastened on wing tips and played in

flight the role of the washers, preventing the discharge of air from

under wing. But in the third , central float was placed crew, and was

- 
bygone from behind was suspended the motcr of appa ratus. This

• ekranplan passed a series summer and winter tests both on calm water

and during certain sea rating and showed the maximum speed into 85

kilcieters an hour. ‘1? The enumeration of experimental models

and apparatuses it would be possible to cont inue  it is fur t her , if all

they not tales are connected by their ultimate purpose — in their

example the scientists and the designers attempted to trace way s to

• the resheiyu of basic to the poble cf prod ucing the ekranoplano v among

which to tsentral’ne place occupies the problem of start. Abov e has

already been said that the “effect of the vliniya of screen ” comes

into action with complete ou tpu t/ e f f i c i ency  cnly  at s u f f i c i e n t l y  hi gh

speeds. Slechovatel’no, thus far appa ratus not dignet these speeds,

its housing first completely, and then partially will be submerged in

water , ex perience/testing in th is case so high a resistance as and

housings vodoizn e shch ayusbchlkh law court s .  The ca lculations show

_____ _________________________ — - -- --a-— • 
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that for the overcoming cf this resistance tc ekranoplanam will be

required by power , several t imes  tha t  exceed thcse, that  are necessary

for a cruise. The simplest solution to this problem lies in

• the f act that the engine plant of ekranoplana is divided by two is

freque nt — ma rch, that ensures cruise, and starting. Since the latter

-

- 

will wcrk only d uring comparat ively short bocster duration , in it can

- be used the engines wit h less reserves dolgcvechnsti  and , the re fore ,

more light/lung and cheaper , than the cruising “motors” of etranoplana

(Fig. below). After the apparatus will leave to the cruise setting of

slip, booster engines, it is natural, they will be turned off by i.

th ey will be converted into  the source of addi t icn a l drag. Thi s

citcumsta nce forces the designers to stop its selection of the type of

- starting “motors” at engines turbojet or turbofan: they do not have

screw/propellers wh ich after the engine shutdown create high

- - res istance. But f u r the rmore , these engines  more easily to make those

• which are being removing inside ship.

Of the method of start  with t he  aid of special engine plant ,

there is one disadvantage: in crder that the expenditure of the

- fue l/prcpellant of tale minimum , acceleraticn/dispersal must be

realized with high accelerations. ~rhere Are No ‘Iekhicheskikh

- 
difficult ies here, but to the passengers this start hardly will supply

pleasure. Therefore the designers of ekranoplancv search for the

today more comfortable and , it ~S n a t u r a l , more economical methods of

acceleration/dispersal, attempting in this case to utilize the

different auxiliary devices, which make it pcssible for ekranoplanu to

______________ —---- •~~~~~ --— —-~~ ~~-~~~~~~~~~— - -—~~~~~~~~~~~~~ - —~~~~ -~~~ -—~~ --~~~~ -~~~~~~- •~~~~~~~— - --
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build up housing above water earlier than it will achieve cruising

skrostey flight.

A similar device it used in one of T. Eaaric its last/latter

apparatuses (photo and diagram below to the left). Its machine with

the arranged/located in front tractcr prcpellor it supplied with two

supplementary wings cne of which bygone rotary. During

acceleration/dispersal, this wing overlapped the slot between the

upper supplementary and basic wings of ekranoplana , directing to under

the latter part of the power fu l  f low fr cm  screw/propeller. In this

case, the air cushion obrzovyvalas’ under wing at comparative ly low

speeds, and resistance from contact w i th  “r u n w a y ”  decreased . But

after the apparatus of vysodil on the aode/ccnditions of ekranoplana,

pivoting wing returned to horizontal position.

“pressurization/supercharging” from the screw/propelle rs of

engines for the acceleration of the formation/educat ion of the air

cushion of ispol’zoali in its apparatus and the students of the Odessa

• institute of marine fleet (diagram to the right).

_ _ _

_
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Diagra m of the launch—3kranoplana, created by the group of the
students of the Odessa institute of marine fleet under the
manage ment/manual of N. Sviridenko, V. Farvarshcbuka and in structor of
In. Budnitskiy.

Key: (1). Area of reduced pressures. (2). Air curtain.  (3) .
Plenum. (4). Contrary air flow.
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Transatlantic cargo and passenger ekranoplan of “Kolambiya”: below —

the general—arrangement diagram of apparatus; to the right — the

diagram of the flow of air flow about the housing—wing during motion

under the conditions of ekranop].ana.

Key: (1). Forepart/nose fan. (2). Code chopping. (3) /.

Passenger salon. (4). Air f in . (5). Peed fan. (6). Sustainer

engines. (7). the nozzle of the noscvci of curtain. (8). Booster

engines. (9) • the nozzle of the kormovoi of curtain. (10). float.)

(11). the nozzle of the bokovoi of curtain. (12). cargo

po.eshchniya. (13). to vczdusbne contrcls.
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They created light/ lung launcb—3 kran oplan which is dr iven by two

motorcycle motors of K. Notory ’s - “are cut into” to the

leading edge of the main wing of apparatus hearth which enters part of

the air , compre ssed by screw/propellers. Apparatus weighs a total of

350 kilograms and easily slips above water at a distance several dozen

centi mete rs.

Of all apparatuses examined above exists one common

deficiency/lack: to the discharge cf air frcm under wing in them

imped e zhestike devices either in the form of ficats or in the form of

endplates. In order to br ing  together the pcyeri of air to the

minimum , these “enclosure/protections ” they  must be arrange/located as

- 

- close as possible to the surface of water. Fut hence unavoidable

“collisions” with the waves whose impact/shocks will disturb the

comfort of the passengers. To avoid this it is possible only in one
- 

-. manner — to supply the underwing air chambers Cf ekranoplanov with

ela stic “enclosu re/protection ”. And here the locks of many designers

turn to the principle which found wide applicaticn during the design

of aerokhodov , to the principle of air curtain.

The tendency to organically connect up one machine the

better/best qualities of aerokhodov and ekranoplanov is most vi vidly

evident in an example of the transatlantic passenger apparatus of the

“K olambi ya ” whose project develop/processes the American f irm of the

“ V i ik l  of Rise rch” (diagram below) . Apparatus is performed by the

diagram of catamaran sn esushchim wing—sha ped housing , from ends of

whic h down depart narro w floats, housing—wing they pierce two

________________ a- I. — —
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circular tunnels, in which are established/installed the fans, which

feed air into circular slot cn the  permetru  of bcusing. Duri ng start

this air  forms under ship the air cushion which heaves the floats

abo ve water . Then in “work” are included march propeller engines, and

ship it begins motion similar to usual aerokbodu . In this case, the

escape/ensuin g of circular slot vzdukb plays the role of curtain to

the preventing air lcsses from under wing.

With the acceleration/dispersal of appara tus , high—spe ed/velocity

naporvstrechnogo air  otoka gradual l y reaches th is  value , which makes

it possible “to turn  o f f”  the forward  secticn of the air zaesy. The

rear part of the cur ta in  is retained still fcr  a while, provid ing  the

accelerated fillinq of air chamber, b ut the vm c m en t  of output/yield to

cruise setting is disconnected and it. Aft et this the power of

ventilator setting up is expended only on the pcdderzhniye of the

lateral curtains , which prevent the disc harge of the compressed by

wing air into sides, and apparatus it holds above water only the lift

of its housing.

At first glance it can be shown tha t  t h e  ekranopla n of

“Kolambiya”, equipped with the special system of the

forsation/education of air cushion , d i f f e r s  l i t t le f rom its rivals —

aerckhodov. On the matter itself this not thus. The power of

ventilator setting up in this ship considerabl y less than it would be

req uired for the osushchest veniya of the  chistoaerokh~~ noq o pri nciple

of f l ight , in kre i serskcu node/conditions use of the lateral curtains

I 
— - —S_ ___ _~~~__ -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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makes it possible to reduce to a minimum of the loss of air and

thereby substantial to increase the thickness of the vozduy of the

poduki of odes by wing . and one additicral advantage of this d iagram :

because of that created by fans to the air cushion of the ekr anopla n
of “Kolambi ya” it will be able to emerge to dry land on inclined

concrete flooring and to accomplish “landing ” at those which were

arrange/located sufficiently far frcm water Cf loading “moorages”,
where to it they will be are not terrible voleneniya at sea (Fig.-on

page of 41-0 : ) .

The Ekranoplan of “K olambiya ” is design/pr cjected t aking  into

account transportation 150 passengers or 36 tons of the load th rough

the ocean with the speed of the I tS— ,t~.o of kilometers of hour.

I
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lkranoplan of “Kolambiya ” during loading of dry “moorage”. On the

seccnd plan/layout — “Kolambiya ” it enters in pcrt on the concreted

inclined flooring (project).

Above — traasc.s~~~~~~,~~, ~~o~Iet •t .yl .ndkraft” in f l igh t  above the
-: ocean (project) . ~ — t a diagram another  of the odmog of the

version of the flying ktaaarana of Veylanda (with the wings , which

protrude for hull designs) .

L - •~~~~~~~~~~~~ •~~~~~~~~~•~~~~~~ 
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• Apparatus by length about the $1 of meters and shirinoyu

approximately the £4~ - of meter will weigh wi th  load of

approximately 100 tons and i t  will be able to move abov e water at the

height/altitude of the ~.7 of meter . The specialists of the form

of the “Yiikl of Riserch” assum e that the latter can be increased to

the ~~~~ ~~~~ of meter , if by it ~t were possible to carry out new

principle of producing the lateral curtains. The engine plant of

ekranoplana will consist of the 6 of turboprop engines power on

the ,2 ~‘?O of horsepower each, two of whic h will rotate the tractor

propellors of apparatus, and four — the fans, which create cushion and

curtains. In the constr uction of machine , w ill be used light a luminum

alloys and fiberglass laminate .  To Dal ’ nosst ’ the “obesposad ochnogo ”

f l ight  of ekranoplana - the (00 of kilometers.

, until now , the discussion concerned the ekranoplanakh in which

the des igners attempted to m ax ima l ly  u t i l ize  prirciple of air cushion

and they abstract/removed to two remaining dynamic phenomena, causing

the “effect of the effect of screen”, only secondary role. On anot her

way went Swiss engineer Kb. Veyyland , known abroad as designer of a

series of high—speed/velocity machines on vzdu shnoy cushion . A s the

basis of his new machine , he placed the  p h e n o m e n a  of the - 
—

disturbance/brea kdown of t ip  vortexes and decrea se in the dovuvash of

the priizhe ni i of wing of screen , leading to a significant improvement • 
- -

in the aerodynamic characterist ics.
H

The proposed by Vey lan dcm intercontinental  cargo and passenger

apparatus of “Veylandkraft” is detayushcbiy catamaran whose floats are

I
S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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con nec ted vith two comparat ively narrow and long wing s (Pig. below) . 4

H The already appearance of apparatus indicates that during its

development the use of an air cushion was nct  provided for. This

machine in essence is the low—fly in g  aircraft and unlike winged

apparatuses on air cushion can be called ekranoletom. In difference

from aircraft it wil l  heave approx imate ly  five times more the load.

Remembering about the failures, connected with the flight of

aircraft of the Earth, Veyland focused special attention on the vprosy

of stabilit y and con t ro l lab il i ty .  It is k n c w n  tha t one of the

disadvantages in the wing,  which slides cf screen, is the excessive

“mo bility” of the point of the applicaticn/appendix of resulting lift.

During notion, this point can unexpectedly be displaced back/ago,

forcing machine to peck by nose, and the n just as unexpectedly it

returns fo rward , and machine begins to be socred. Noreove r all this

occurs so rapidly which requires constant stress from pilot , his

sverkhmgnovennogo interference.

Veyland attempted to solve this problem su f ficiently original,

after  placi ng the wing s of its machine one a f t e r  another ( d i a g r a m  to

the left) . In this  case , each wing seeming ly  had been the control

devic e, which parries the errors of its “neighbor ”. If as a result  of

the displacement of the point of the applicat ion/ appendix of resulting

l i f t  machine begins to nose down, then  f ront , leading wing approaches a

screen , and l i f t  on it increases , forcing a pp a r a t u s  to return to

norma l position. N ut  when machine is dumped on it zh vost , th e “effect 

----- —-5---- -- —---——-------- — -__-__ ___________S____ ~~—~~~ S-&-~~~- ~~~~~~~~ ~-~~- -~ -~ --~~~ — —— ---- -a---- -- ~~~~ S ~~~~~~~~~~~~~~~~~~~~~~
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of the effect of screen” increases l i f t  nz rear wing.

The heavy ekranoplan , proposed by Veylandcm , will weig h about the

of tons and it will be be able to mcved above the ocean at

the height/altitude of the 6 of meters with speed about tbe

/?f of kilometers in hour , having aboard of the ~~~ of the

passen gers. It is natura l  that  thus far  th is  machine exists only on

drawing plates, its less brothers a l r eady  a t t e m p t e d  to leave into

journey.

_ _ _
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Experimental ekranolet the Lippish of )(-//.z. On photo from

bottom to top: appara tus  du r in g  accelerat icn/disp er sal;  appa ra tus

during motion under the condition s of ekranoplana; apparatus in

f l i g h t .
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Key: (1). liypothetical. (2). the figure of ekranoleta. (3).

transport.
(I)

FflfloTe1•~t qe ci~I if l  l~flC yHoR ?p aHCflOp ?Ho r o
3hpaHo~ eTa.



- ~~— --~~~
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 

• — ,•- -. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ - - -  - --

10—09—76 h z h z h 4 7 ~~~
In /9~~3 - to the year of Veyland concluded contract with the

American firm “West It Kcust” for joint development and the

ccnstruction of ekranoplana. Is first bygone is constructed the small

model which was experience/tested in aeyaodinaaicbeskoy tube and in

free—air conditions above hollow hangar. Nodel flew on s traight  line

and in circle, retaining stability even with the gusts of “wind ” which

artificially were created in agar. Whe n on the sex/floor of tale are

established/installed the wooden racks, which imitate waves, model it

did not reveal/detect the wish to follow their  inequalities.

Soon after these tests the resea rchers constructed the

experimental apparatus, controlled by pilot, outwardly similar to

“large Veylandu ”. During Narch 1964 on the lake of Solton, in

California, the machine completed its first and , unfortunately the

last/latter f l ight .  The motion—picture  f rames , removed f rom

helicopter, show that first the machine Easily was built up above

• water and sufficiently confidently flew above the screen at

height/altitude about meter. But then the nose of machine H

unexpectedly began to tear upward , and it took cff to heigh t/altitude

about the 7,~ of meter, that it is considerably more the rated

altitude of flight. After the pilot discarded gas, apparatus fell to

water it broke. The reasons for emergency establish/install could

not , money of f i rm ended and thus  f a r  ccncern ing  the contin uat ion of

the investigations of this question thete is no . infor ma tion .

The use of an “aircraft ” principle of flight of screen, it is

natural ,  could not but  at t i ke  th e designers against  the idea of
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producing apparatuses, capable of combining in itself the advantages

of ekranoplana and aircraft. under the investigation of the problems

Cf producing this universal machine in the USA it is occupied firm

“Collins Reydio”. It constructed and ccnd ucted the test series of the

eksperimenta’nogo ekranoplaua of the Lippish of ~X / /,2. , capable

brief t ine to fly similar to aircraft (photc tc the right). This

appara tus and outwardly in by angom reminds it saolet . At the ends of

its om itted downward wing, are fastened the holding machine on water

floats, which play simultaneously the role Cf endplates. On these

floats the apparatus accomplishes acceleraticn/dispersal, then emerges

to mode/conditions ekranoplara and vzmyvae into air. With the aid of
S this mach in e the sc ientists and the designers study the possibilities

of designing of large apparatuses of this type, capable of

accomplishing the overland f l igh t s  of one water  bassseyna in  another

• or supply/del ivering the passengers and the loads of the places, 
U

arrange/located in certain removal/distance frcm the basic water

routes (Fig. below) .

It is bygone to erroneous confirm tha t  by its “reactivation” the

idea of ekranoplanov is due only to the  t endenc y  to reduce the t ime of —

the transport ation of the passengers and loads. The requirements for

• contemp orary sa ving takovy ,cbto force to  es t imate  in a new way pros

and cons in the cargo vehicles. With ecm the spee d becomes one of the

basic ind ices of high cost—effectiveness/efficiency,  kha r akte rzuy a  of

its kind the hig h labor prod uctivit y of the  cargo vehicles the

higher the speed , the  more the voyages it can complete appa ra tu s for
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one and the same tine. Pros these positions of ekranoplany and

ekranolety, capable of achieving the  spe eds Cf the order of zhzhzhzb

and even zh zhzhzh of kilometers in hour , are some of the ps pekt ivnykb

transport apparatuses.
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