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STATIC STABILITY OF VEHICLES WHICH USE THE LIFTING PORCE OF AIRFOILS

Vo I. Koroley

In designing rapid transportation facilities which use the
lifting force of airfoils near a solid or liquid screem, one
important problem is that of providing stable motion of sufficient

duration.

A characteristic feature of the operating conditions of these
vehicles is that their effectiveness increases as the distance
betveen the airfoil and the screen decreases. Here the optinmal

operating clearances between the trailing edge of the airfoil and the

screea are no more 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.

In the present article we discuss the problem of static
stability in vehicles which have two airfoils - a leading and a
trailing ("tandea" system) - separated by a certain distance,

deterained by the length of the cabin body.

Here it is assumed that the main load is carried by tae trailing
wing, which has greater dimensions and elongation (aspect ratio) per
unit length; the leading wing serves to increase the arm of the

developing moment.

In the general case the wings may have different angles of
attack a;, aspect ratios - )\;, chords - b;, and relative distances
froa the screen h; = h; /b;. We must deteramine what combinations of
these elements, and also what position of the center of gravity along
the vehicle, will assure the greatest restoring moments in the case
vhere the vehicle steadily deviates by a small angle froa the

calculated position.

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

shift in the pressure centers of the ving can be ignored.
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The magnitude of the lifting force of the wing is determined as
follows [1]):

P=CKs,

0¥ (ag 4o, — bay)
A= 1ic T M

Bere a = 5.45; 1
: ay -~ is the edge angle of attack; b
5 - 078 . ;
3 P-'—:.-‘—".

4

P=oll —(s¢+a)c]; .
3 5
;q €= 1—0,5¢] — 0,25t} —0,0625t} —0,0469:2 — 0,0237z1° _ o.onsé:{*; i
. : T= 4’?-{-1-—25; :
| c,-l/c[{-x.]'-;-l-z[{-t.-]; iy
4-.-—?+¥;‘

— 0,625+ 4 0,3125<%,

i i el

Por the segmented wings which rectangular in pepective, studied
ia the given case, v, = 0.171; K = 1; &§ = 0.06; K = 1, ag = 2°.
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Prom statics conditions (FPig. 1) we can vrite

L
1 P, -o(n--})-ou—lo. s
3 Py D.-‘f--DI;.

The change in the lifting force on the trailing wing with the

change in angle of attack by guantity Aa

0P, =P e + P an =005 00 4 KWl 3

Bearing in mind that Ah = -],Aa, and also considering (2), we

AP, = D(1 -—i.)(l —git‘;)% ’

A get

(4)

where b, = §/b, and h = h/b,. |

Deteramined analogously is

: ¥ s
E, AP, -.DI.[' +¥“—I‘)"]s' ®)

i -hore';, = |/bse.

5
i
g

The restoring moment in this case is determined as follows:
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AM = LAP,— (J— 1) AP, (6)
or, in dimensionless fornm:

Woto-blo—cif} - +cd—RR]se o

Here
Qg
"

The moment derivative with respect to the angle, which

deteraines the measure of stability of the vehicle in the case of

angular slopes, is expressed in the form of

E.-—ul—%—i,(l —7|) {(‘ i CJI‘:)%—F;}-C.(I -—I.)S.]%}. (8)

Direct analysis of the obtained expression is difficult, since

the unknown guantity is a function of nine paramseters - the ara of

the lifting force of the trailing wing i;, the reverse chord values

of the wing iﬁ and ;,. angles of attack a,; and e, relative distances
betveen wvings and screen'I. and‘;,, and relative aspect ratios A\; and

e

It is true that pata-eters';, and ;; are not entirely

independent: there exist between them a connection which follows from
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the statics condition:

ELL:&-LT,B 9)

Hovever, realization of this equation for the elimination of one

of the parameters is difficult because of significant complication of

the main dependence (8).

Determining the extrema of function W, by the standard method,

by calculating the derivatives with respect to independent variables,
and particularly
is extremely avkward and complex, since quantiti.:"i and xtVai are

contained in expression (8) in iaplicit foram. Thus, the study is

conducted by the calculation-graphic method.

Pirst, the C; values are determined. For this derivatives %%-

and "{l are calculated within the following limits:
h==0,05—0.3; 182-—5; aaz—-lo'.

The indicated limits were selected from the conditiom of
optimality of the wings (assuring the highest quality value k =
Cy/Cx) and from design considerations (the leading wing must have a

sosevhat lover aspect ratio). Siace %. and, consequently, also C;,

have a linear dependence on a;,, it vas possible to approximate this

dependence by the simple formula
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Ci=a®EE. (10)

The values of a are given in Pig. 2.

Depending on attack angles a, and the values of i, the limits of
change in values c,i. and CQE, (Tables 1-2) were determined. Here it
vas assumed that h, = 0.05-0.2; A\, = 2-5; a; = 4-10°; h, = 0.05-0. 2;

x: = 2‘“: Ay = 2-10°,

Calculated in the range of §, = 0.1-0.6 and a, = 4-10° were

guantities

A =h(—RO-GRRE.

ke (1)
M, =L =R +CO—TDBd L

at tvo fixed values of ciic. equal to 1 and 7.

rhé straight lines passing through the obtained points on curves
with coordinates M, —C,6, and M., —Ciby, respectively (Figs. 3-u),
detersine the value M, and M, at fixed engles of attack and different

values of 1, or different values czsc-

Here and henceforth the symbol ¥, denmotes relative values of the
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derivative of the restoring moment with respect to the angle or, in
cther words, the magnitude of increase in the relative recovery
moment during deviation of the vehicle by an angle equal to one
cadian. To determine the moment which develops during deviation of

the vehicle by 1° we must divide this quantity Lty 57.3.

The limiting values Cist for each value i; are determined on the
indicated straight beams of the points correspording to the upger and
lover limits /M., which can be obtained for the given a; and i,. In
this case we are not interested in the lower limits. The upper limits

are determined by the family of curves c¢f constant values of i,.

As we see from the curves (Pigs. 3-4), the component of the
restoring moment M., and m. attain their highest values at minimal
angles of attack of the trailing wings and the saximal angles of the
leading for completely determined values of C;b;. Here the limiting
values of M« are to a certain degree conditional, since generally
the angles of attack can exceed the limits of the selected
boundaries, which leads to a considerable decrease in the gquality of
the wings., Por this reason determining M. outside of the indicated

limits is not of practical interest.

However, the values of #mw, Which correspond to fixed values of

the angles of attack a; and relative aras i‘ are completely

¢
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N deterained 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
% i during deviation of the vehicle by 1° it is sufficient to plot curves
of the sum M, for the same values of i, and different angles a, and

dae

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

cf :a for a, = 4° and different values i‘ and as.

Por other a, values the magnitude of W4 cap be calculated with

sufficient accuracy by the following approximate formula

My = Mo me) + b (2] — 4°). (12)

Values of b for different values of {, are shown in Fig. 6.

It is obvious that quantity 'l',, have a maximum which is not very

pronounced at i, 2 0.35. At lover values f, the magnitude of .l-a

declines drastically with a decrease in {,, and at l-; = 0.4-0.6 is

[~k AR

virtually independeant of ara _i,. An increase in the angle of attack

H of the leading wing a; leads to a certain increase in quantity 'l".
i

)
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Pigure 7 shows the values of saximal msoment 'l',!hi.ch can be 3

obtained in the studied range. These correspond to the saxima of ¥
curves similar to those presented in FPig. 5. In all cases these

mazima correspond to values 1, = 0.35.

The obtained results perait us to solve the following protbleas:

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

provide maximum duration of vehicle stability at full speed;

0 P N — b il

b) deteraine the magnitude of restoring moments for a vehicle

vith known elements;

c) determine the values of restoring moments for the different 3
moving regimes of the vehicle. E
The first of these probleas can be conveniently solved in the b

following order: If ve must obtain the maximal values 'l",, and the

overall design allows us to do this, them quantity i‘ should be ;

selected equal to 0.35, while angles a; and a, should be minimal 1

(although ve must consider the possibility of a considerable l1lcss in

guality for very lov angles of attack). When, however, due to the

e e S R AR D R

i SO o1 ST R
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conditions of the overall arrangement, the optisal value of the arm

Ig cannot be perserved, them it can be increased if the angles of

o s

attack of the leading wing are relatively large.

CR L R

;; Decreasing i, leads to a considerable decline in the restoring

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

itk L R
e =
e et Sitn olbclil A B b L b b

o forsula (12) wve can easily estimate the magnitude of moment loss as a

result of deviation fros optismal ratios.

AT AN R T e,

Pros the values 1,, a;, and a, thus selected, on the curves

(Pigs. 3-4) the values of C‘S, and c,B, vhich correspond to them are

z
ig.
3
2

detersmined by interpolation.

These values in turn depend on the following factors: angles of

attack a, and a,, chord of wings b, and b, relative distances fronm

sctoen';‘ and h;, and relative aspect ratioc of the wings A\; and X,.

Since a; and a, are already deterained, then we nov select six

quantities - b,, b,, ;,, ;g. Ay and A\, - vhich are related by three

equations - the eguation of (9) and equations:

2 Cdy = Fitei, by, by, ). (13)
, i Ceby = Fy(ey, Bohs, Ao).
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Thus, three parameters resain undetersined and are selected by
design comsideration. Consequently, the designer still has a wide
range of possibilities for selecting the three independent parameters
without impairing static stability, since conditioms (13)

automatically assure the restoring moment.

Deteraining the values of restoring moments for a vehicle with
knovn elements of the lifting system is reduced to calculating values

C;b;. deteramining the ;¢ components frcms the curves om Pigs. 3 and 4,

and subsequent suasation of thea.

The third of these probless is solved in a similar manner,
provided wve have a diagram obtained through calculation or experiment
for the landing (distances fros screen and angles of trim) for the
vehicle at different rates of motion. Values :k and a; vwith the trias

and the trajectory of motion of the vehicle considered are introduced

into the calculation.
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