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Most worrz ~ :n the f ie ld  cf  tL~ t~ eo r r t i cal i v e : t c~~~t c o n  of ai r c u~~~~ r

vehicles ( A C V )  have been d e vc te~ t~ s t u d yin g  AJY fu n c t  rJ. r~ in the hover r - —

gine and only a few of ther~ i l lu r ina te  questions related t~ t ne  trans atiry

movement of ACV at hiz h velc’city . In this case , nar y of the works are ‘~x~eri-

nental and we or~ly encounter analytical me thods of investigation ir wor~ s

and 2].

-~ The effect of translational velocity on the aerc-iyrianio characteristics

of a nozzle type air cushion vehicle is investigated in th is article. As

before [3), the jet flowing out of the nozz le  of the AC . is assumed to be n o n -

viscous , incompressible and quite thin. A plane—circularly shaped nozzle with

zero deflection and a certain angle 1 greater than zero is exaroined.

Obviously , in the former case the problem pertains to investigating flow—

around of a cylindrical jet flowing against a screen , and in the latter the

subject will be a conical , annular jet.

We take the coordinate system shown in Figure 1. We replace the jet with

its m idline and we shall characterize the edge of the jet in each cross—section

by radius value r and angle 0. We shall designate the discharge velocity from

— the nozzle W
0 

and the velocity components on the edge of the jet - y
r 

and V
0

respectively .

We shall assume that an incoming flow flows past the annular jet the same

as a solid body with the cross—sectional shape of the jet. Then the distri-

bution of pressure on the edge of the jet will coincide with the distribution

of pressure on the surface of a solid body whose shape is similar to that of

the  jet. Such a method of solution was developed by M. S. Volynskiy and G.

N . Abramovich and is widely used [for example , see ( 14) ]

Assuming flow in the j~ t and jet flow—around to be potential , the function

of’ the velocity potential is written in the following form :

(1)



Tho r f~ r c t i on  should s a t i s fy  t h e  c o n t i n u i ty  equ ~ t i~~m~
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Fro m ( 1)  and ( 2) , we obtai n
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Figure 1.

Finally we have

y (—W0 + Q, + a1r ~OS 0 + ~ 1i” Cos 26 + + a1~r
t
~ cos fO e). ( 3 )

For simplification , we omit value a
0
. We determine the other unknown

coefficients a
1 — ~~ 

having used the method of least disturbances .
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Th c~~rtine d horizontal velocity component during flow—around of an annular

j e t  ca~ b.: precented on the following form :

V V~ + v ,
where v is a certain low disturbed velocity in the direction of the OX axis.

n the a:cepted coordinate system

•V =  V.. — v, cos6+ u ~sj n o

or

V — V.. — cos 0 + ~~
- ~~

‘ sin 0.

We take the Bernoulli equation for the midline of the jet in the inooroin~
flow :

P.. ± p -
= P + -~~ 

~~~~~~ -+ 
~~~~

.

v is small according to the condition and value v2 can be ignored. Then /5

P—P ..- = p V..v and _ _ _ _

- 
— pV ,_ .- —

2 -

According to the accepted hypothesis , this latter value should coincide with

the value of’ static pressure established on the surface of an infinite solid

cylinder in the incoming flow .

One can represent the pressure distribution curve over the surface of the jet

~n the form of a set

P ) = ~~~~~~~~~~skO4

where ~ is the radius of the nozzle base and r is the distance from the

midline of the jet to the axis of the vehicle .

We determine the unknown coefficients Ak, 
having solved the system of

equations (3).

The experimental values P (0) of pressure distribution over the surface of

an infinite solid cylinder are substituted in the right—hand parts of the system .

Assumi ng tha t the d istribution of pressures will be simi lar in su b sequent
cross—sectio ns of the jet height—wise , and having limited ourselves to five

values of angle 0 (for examp le , 0 0; 145; 90; 135; 180°), we fin d the p ressure

coefficients p (®) in each cross—section according to the equation

~~j~~~~~+A4coso+As(~.)’cos2 +As (’cos3e+A 4(jr)’co$4e. ( 1 4 )
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P The relaticn ohip r that enters into the latter formula can be d’ ter-r•ine~
ucin~- the results of a work
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where h is the heigh t of the nozzle above the surface ;

y is a variable coordinate.

According to expression ~(6)=2 ~~ , we shall have the following for tre

arbitrary height-w ise cross—section of the jet

= .~~~~~ (a 1 cost O  + 2a2rcos 0 cos 20 + 3a3r3cos 6cos 30 +
+ + 10a~ r’cos0cos 100 +a 1 sin’O + 2a,r sin O sin 20 +

± 3a ar 2 sin 0 sin 30 + + 10a10r’ sin B sin 109), .
or

~ (O) =~~~~ (a~ + 2a~r cos 0 + 3a~r~cos 2 0+ .  ±~~ cz~~~cos98 i— (
~~

)
- • 

~~~~~~~~~~~~~~~~ ~~ - 1)0. 
-

By comparing the values P (0) according to (t4 ) and (5), we obtain the first

five equations for determining the unknowns a1 - lo~ 
We write the five lacking

equations on the basis of the following concepts . Velocity Wh 0 in each height—

wise cross—section of the jet is expressed by the relationship /6

~~~ 

-

W h. dl = 
~~~~ dl

Having written this condition for the five accepted values of angles h , we

obtain a closed system of algebraic equations for determining coefficients a, —

Enanr”~~cos (‘z — 1) ~ ~
=-

~~~ ~ (O);
10 • •

-
• ~ ::- .- - — - ( 6 )

~E an rl cosn0=~~W (0).
“ —I  - 

-

The sequence of writing the system of equations should be the following .

First one writes a system of equations for the cross—section closest to the

nozzle edge , for example , for y = 0.9 h. Obviously, in this case one can

assume that velocity W in the jet in the region from the cross-section of the

nozzle to the cross— section y 0.9 h does not change and remains equal to W

along the entire edge of’ the jet , i.e., (~~)~~~=w0 and the right—hand parts of’

_ ._ 1~ 
— 
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e4~ 3tocnc (C ) - (iJ) will be zero .

transferring to the next cross—section , one already takes into accoun t

~~ cha~• g- of velocity in the  region from the cross—section of the nozzle to t r e

pr’ vious cr- -es-section. In the cross—section y 0.7 h ~W(~J ) 0 7 ~ WO9M U 0

This se~ uer.ce of writing the equations makes it possible approximato y to

ta~:e irt: account the change of velocity in the jet proportional to height and

to fond the n:st accurate solution.

Having solved the system of equations (6) for the selected cross—sections

and havir.~ obtained the expression for the function of the velocity potentoal ,

one car aeterroire the characteristics of flow in the jet for each cross—section ,

i.e., velocit y in the midline of the jet and deformation of the jet in the in—

coning flow . And one can find the component of resistance to moveme nt of the

as well as the displacement of the center of pressure and change of the

nonentun characteristics of the vehicle according to the value of defo rmation

of the jet by known methods [for example , see (5)].

Deformation of the jet in any cross-section along the height of the jet

shall be determined according to the change of the velocity value in the region

of the jet between the calculated cross—sections . For the selected coordinate

system , we shall characterize deformation of the edge of the jet in. two direc-

tions : as the radial Ar and circumferential AS. Radial deformation is cal-

culated according to the formula

-

where Ah is the minor- edge of the jet — the distance between the calculated

cross—sections

.lt is the interval of time .

The local velocity of flow In the jet is characteri zed by the relationship

whence 1
~
t=

~~~
• But Wh8 ’( ~~)~~ then finally

- / ö’ç \ (~~~)2

~~ ) •  
~~

_-

~
- ) .  

~~~~~~ ( 7 )
- 

~ - 
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Similarly, on e can wri te the circumferen tial deformat ion of the jet edge /7

as follows : i ~~ _____

- • 
• T~dYJ,.., 

• (8)

j  -~~~
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Figure 2.

Deformation of the jet contour along the height and edge of the jet is

determined according to formulas (7) and (8).

Figure 2 gives the results of calculating the effect of the incoming flow

on characteristics of a nozzle type ACV with the following parameters , as an

example : nozzle radius R 2500 mm , hovering height h 1000 mm , discharge

velocity of the jet from the nozzle W
0 

60 m/sec, velocity of the incoming

stream V = 20 rn/sec.

As is apparent from the cited data, the results of the calculat ion do not

contradict the physical nature of the phenomenon . The shape of the midline of

the jet in the central cross—section corresponds in appearance to the data of

visual investigations [6]

— 6 —
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:r. pract ice , deflection of the jet from the vertical at a cc-rb-am angle

toward th~ axis of the vehicle is employed in ACV and the shape of the jet

changes woth respect to height : it is conical in the initial region and thor /~
changer int : a cylindrical one and flows over a screen. The method of calcula-

tion exaroined abov~ can also be used in this case, It is nc-rely necessary to

introduce the values of pressure coefficients for the cone and the corresponding

values ~ and r into the systero of equations . The latter can be deterroined accor-

ding to the data of a work [3] . When t < h , value r is determined according to
tr .e fo rm ula

r R {i_ ~~~~~ [1 +-.~- i + sin-,~j 
_

~~~ ~ 
cost). 

( 9 )
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The f un c t i o n  of the ve l : - c oty  p :tem toal f o r  tJ~~
- corc~cai re~~:- ,r uf the ~et

also acquires  a some what  a l t e r e d  app earar c~
=- y (—W 0 cos ~ + a1r cos 0 + a3r5 cos 2~i +‘ + a 10r’° cos 100 ) + ( l  0)

+ W0r sin Ic.

Figure  gov oc -  the  r e su l t s  of c a l c u l a t in g  a c o n i c a l  t fo r  tee  same or , i t i a l

pa rameters :  2~ 00 r:., h 1000 mro , C ,, Y- n / s - - c , - 20 n/sc-c and ‘c
He n ce , when th e r e l a t ionsh ip  of ve loc i ty  o f  th~ onc :-r~~ng flow V and tre /9

V
discharge velocity of the jet from the no::1o W is 0.E~~~, no sigr.oficar.t

change in the edge shape of either the cylindrical or the conical jets occurs .

Thc- distribution of flow velocities in the jet along its edge changc-z slightly,

and consequently the aerodynamic characteristics of the air cushion vehicle also

do not change . ~‘nen the velocity of tre incoming flow is equal tc the discnargc-

velocity , the parameters of the je’ .e shape of its edge change more . The

midline of the jet in cr-oss-sectir ~He screen is bent beneath the bottom

of the vehicle.

A redistribution o~ ve lo c :t-u ~l :.g the edge of the jet is also observed:

the flow velocity in the jet decreases on the high pressure side and increases

in rarefaction zones . The latter obviously leads to a change in the distribution

of pressure in the region of the air cushion and to the appearance of diving

momentum . This conclusion is confirmed by full—scale and experimental tests

The comparative evaluation of the results of the calculation shows that the coni--

cal jet screen is most resistant to deformations and change of aerodynamic

characteristics in flight.
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