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STATIC STA BI LITY OF VEHICLES WHICH USE THE LI F TING FO ECE OF AIRFOILS

V. I. Koro ley

In designing rapi d transportation facilities whic h use the

lift iflg fo rce of airfoils near a solid cr liquid screen , one

tipor tant prob lea is that of providing stable cation of suffic ient

duration.

A characteristic feature of the operating condit ions of these

vehicles is that their effectiveness increases as th e distance

between the airfoil and the screen decreases. Here the optical

operatin g cleatances between the trailing edge of the airfoil and the

screee ar. no core than 5—100/0 of the wing chord. This is the reason

\
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for the extremely rigid requirement for stability of motion in the

vehicles, which restricts the amplitude of vertical movement of

design elements to indicated limits.

La the present article we discuss the problem of static

stability in vehicles which have two airfoils — a leading and a

trailing (Utandemu system) — separ ated by a certain distance,

determined by the length of the cabin body.

Here it is assumed that the main load is carried by f*e trailing

win g, which has greater dimensions and elongation (aspect ratio) per

unit length; the leading wing serves to increase the ar m of the

developing moment.

In the general case the wings may have different angles of

attack a., aspect ratios — )
~~, chords — b~ • and relative d istances

from the screen h4 = h~/b~. We must detqrmine what combinations of

these elements, and also what position of the center of gravit y along

the vehicle, will assure the greatest restoring moments in the case

where the vehicle stead ily devia tes by a small angle from the

calculated position.

We wifl assume that the angle of deviation is so small that the

shift in the pressure centers of the wing can be ignored .

~~ 
_____________
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The m agatt ud. of the lift iag force of the wing i* determined as

follows [13 :

~ -c.çs.

where

~~~~~~~~~~~~~~ (1)

Were ~~~~ 5. 45 ;

- is the edge aagle of attack;

0,7Th

E = 1 —~~ 0,54 — 0,254 — 0,06254 —0,04694 — 0,023740 — 0,01884’;
- ~=v4c ’+I....2, i; -

- 

- ~
_ V4E44+1_2[.~z,I; -

. 

. .

— 0,~J5~$+0,3125~w.

For the segmented wings which rectai~gular in pep.ctive, studied

La th. given case, v~ 0.171; K a 1; 6 = 0.06; K1 1, a0 = 20 .

__ -S ~~~~~~~~ ——--5- - — - - -  
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Pro. statics conditions (Fig. 1) we can write

P1_ D(l _
~~~

_ D(l._7,~. (2)
P,~~D 4 _ D I1.

The chan g e in the lifting force on the trailing wing with the

change in angle of attack by quantity La

(3)

Beari ng in mind that Lb — l 1 aa, and also considering (2) , we

get

where b, = 1/b~ and h = b/b1.

I
Deter mined analogously is

(5)

where b2 = 1/b1.

The restoring moment in this ca se is determined as follows:

5-
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L — l ,1P1— — 11) AP, ( 6)

or, in d imensionless for.:

~~~~~~ —r~44i —C1I1f,)~ —~1 +C,(i_1,)~~~ 1M.
. (7)

‘-I Were

c’—~~—.

The m omen t derivative wit h respect to the angle, w hic h

determines the mea sure of stability of the vehicle in the case of

angular slopes, is expressed in the form of

~~~ 1~(1 
_1

~){(1 — C,i1~1)~. —fI +C.(1 _ 1~)~.J_~}. 
(8)

Direct analysis of the obtained expression is diff ‘cult, since

the unknown quantity is a function of -nine parameters — the arm of

the lifting force of the trailing wing 1~. the reverse chord values
of the wing b1 and b2 angles of attack ai~ and a2, relative distances

between wings and screen h 1 and h2, and relative aspect ratios X 1 and

it is true that parameters b, and b, are not entirely

independent: there exist between them a connection which follows from 

- -- --S— .- - - --- -S -S S _ _

— 
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the statics condition:

_ _ _  

(9)- co_~~ 4

However , real ization of this equation for the elimination of one

of the paramete rs is difficult because of significant complication of

the main dependence (8).

Deter mining the extrema of function ,~ by the standar d method ,

by calculating the derivatives with respect to independent variables,
~_~ id particu 1ar~~jis extreme ly awkward and complex, since quantitiss t4 aid are

contained in expression (8) in implicit form. Thus, the st udy is

conducted by the calculation—graphic method.

First , the C 1 values are determined. For this derivat ives

aid at. calculated within the following limits:

• h=0,05—0,3; A -=2—5; ~=2— 10°.

The indicated limits were selected from the condition of

opti.ality of the wings (assuring the highest quality value k =

C,/C5). and from design consideratio~s (th. leadin g wing must have a

somewhat l ower aspect ratio) . Simce ~~‘, aid, consequently , al so C~ ,

have a linear dependence on a~, it was possibl. to approx imate this

dependence by the simple formula

1 - ~~~--~~~~~
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(10)

The values of a are given in Pig. 2.

Depending on attack angles a~ and the values of 1~ the limits of

change in values C ,b1 and C1b2 (Tables 1—2) were determined. Here it

was assumed that h 1 0.05—0.2; A 1 = 2—5; a~ 4—10 ° ; h2 = 0.05—0.2;

= 2-4; a1 = 2—10 °.

Calculated in the range of j.
~ 

= 0.1—0 .6 and a~ = 4—10° were

quantities

i1(1—1~(1—CJ 51)~~,

Ji.,~~Ti(I—itfl1+CsO—l~)b.I;.

at two fixed values of C4 b~, equal to 1 and li

The straight lines passing throeg h tir, obtained point s on curves

with coordinates m.—C,~ and i.—C,~,, respectively (Figs. 3—14),

determine th. value ~~., and ~~u. at fixed engles of attack and different

values of 1~ or different values çb~.

Here and henceforth the symbol i
~ 

deqotes relative va lues of the

IT
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derivative of the restoring moment with respect to the ang le or , in

other words, the magnitude of increase in the relative recovery

moment dur ing deviation of the vehicle by an angle equal to one

:adian. To determine the moment vhich develops during deviation of

the vehicle by 1° we m ust divide this quant i ty  ~y 57.3.

The limiting values C~ bj  for each value 1* are determined on the

indicated straight beams of the points corresponding to the upp er and

lower limi ts iii.i, whic h can be obtained for the given a~ and 
~~~~~~~ 

In

th is case we are not interested in the lower limits. The u pper limits

are determined by the family of curves of constant values of 
~~~~~~~

As we see from the cur ves (Figs. 3—4), the conponent of the

restoring moment n~.. and ii., attain their highest values at  minima l

an gles of attack of the trailing wings and the maximal angles of the

leading for comple tely determined values of ~~~~~ Here the lim iting

values of ii ., are to a certain degree conditional, since gener ally

the a~glea of attack can exceed the limits of the selected

boundaries , which leads to a considerable decrease in the quality of

the wings. For this reason determining ~~ outside of the indicated

limits is not of practical interest.

However , the values of Th.g , which correspond to fixed values of

the a ngles of attack and relative arms are completel y

- :---s-~~~~ -~ - - -
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A

determined quantities which determine the restoring moment for

specific vehicle parameters.

In order to determine which combination of angles of attack of

the leading and trailing wing will give the  maximum restoring moment

during deviatiom -3f the vehicle by 1° it is sufficient to plot curves

of the sum L~ for the same values of t~ and different ang les a1 and
as.

As an example of the obtained dependence Pig. 5 shows the values

of rn~ for a~ = 140 - and different  values 1~ and 02.

For other 0* values the magnitude of L~ cauj be calculated with

suffic ient accuracy by the following approximate formula

= 
~~~~~~~~~~~ + b (

~ 
— 4°) (12)

Values of b for different values of t~ are shown in Fig. 6.

It is obvious that quantity ~~ have a maximum which is not very

pronounced at ~~ ~~ 0.35. At lover values ~~ the magnitude of .~
declines drastically with a decrease in 1~, and at L~ 0. 14—0. 6 is

virtually independent of arm 1~. An increase in the angle of at tack

of th. leading wing 0~ leads to a certain increw~e in quantity ~~.

ii.:: ~~ 
- - I
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F ig ure 7 shows the values of maximal moment 1Ir which can be

obtained in the studied range. These correspond to the max ima of

curves similar to those presented in Pig. 5. In all cases these

maxima cor respond to values 12 ~~~0.35.

-
~~ The obtained results permit us to solve the following problems: -

-

a) make a rational selection of the elements of the airfoils to

provide maximum duration of vehicle stability at full speed;

- - 
b) determine the magnitude of restoring moments for a vehicle

with known elements;

c) determine the values of restoring moments for the different

movin g regimes of the vehicle.

The first of these problems can be conveniently solved in the

following order : If we must obtain the maximal values ~~ and the

overall design all ows us to do this, then quantity 11 should be

selected equal to 0.35, while angles .
~ 

and 02 should be minimal

(although we must consider the possibility of a considerab le loss in

quality for very low angles of attack). When , howe ver, due to the

- —- -  -
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conditions of the overall arrangement, the optimal value of the arm

I~ ca*not be perserved , then it can be increased if the angles of

attack of the leading wing are relatively large.

Decreasing l~ leads to a considerable decline in the restoring
- 

- moment. In any case, according to the curves presented in Fig. 5 and

formula (12) we can easily est imate the magnitude of mo ment loss as a

result of deviation fro. optimal ratios.

Prom the values 1~, a~, and 0~ thus selected, on the curves

(Figs. 3~ t4) the values of C5b1 and C,b1 which correspond to them are

determined by interpolation.

These val ues in t u r n  depend on the following factors: ang les of

attack s~ and a~ , chord of wings b 1 and h,, relative dista nces from

sc reen h2 and b5, and relative aspect tatic of the wings X 1 and X2.
-

~~~ 

.

~

Since s~ and a~ are already determined , then we now select six

quantities — b 1, b 2, h ,, h 5, ) i and )~ — w hich are related by three

equations — the equation of (9) and equations:

I

C,)1—P, (.1, b,,k1, ) 4j, (13)

_____ --———- --- -~~~~~~~ —---- - - - 

-- 
-~~
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- ?hus, three parameters resain undetermined and are selected by

design consideration. Consequently , the designer still has a wide

- ra nge of possibilities for selecting the three independent parameters

without im pairing static stability, sinou conditions (13)

— automatically assure the restoring- moment.

- Determining the values of restoring moments for a vehicle wit h

k~ovn elements of the lifting system is reduced to calculating values —

-~ 
C~b &. determining the i~~ components from the curves on Pigs. .3 and 14 ,

an d subseq uent summation of them.
-

-

- the t hird of these proble ms is solved in a similar ma nner ,
provided we have a diagram obtained through calculation or experiment

for the landing (dista nces fr om sc reen and angles of trim) for the

vehicle at different rates of motion. Values k4 and a~ wit h the trim
- 

and the trajectory of motion of the vehicl, considered are introduced

- into the calculation.

r
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