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METHOD OF CALCULATION OF NONSTATIONARY
AERODYNAMIC CHARACTERISTICS OF A LOW-FLYING
WING WITH A CYLINDRICAL FUSELAGE

L.G. Tsvetkov
Department of Anplied and €omputer Mathematics

The article gives an account of the method of calculation

of nonstationary aerodynamic characteristics of a low-flying

wing of complex configuration with a fuselage in the form of an

infinite cylinder taking into account the nonlinearity caused by
the effect of the setting angle of attack of the wing and the
movement of points of the surface of the wing with resvect to the

wing with nonstationary motion of the complex.

Let us examine the motion of a wing with a fuselage in a

nonviscous incompressible fluild with a constant speed uo in

parallel to the reference surface. Let us assume

that the com-

plex accomnlishes harmonic vibrations with low relative freqguency

made up from the translational vertical movement and rotation

around the OX and 0Z axes of the bound coordinate
(see the figure). Vibrations of the complex are
with respect to the average position at which the
fuselage 1s parallel t» Ehe reference surface and

system OXYZ
accomplished
axis of the

is distant from

it by the magnitude h=%* , where B is the root chord of the

wing.

Let us reoresent the thin, slightly curved wing of complex
configuration in the form of a combination of plates and plans,
and let us assign the geometry of the complex by means of a -

aspect ratio, 19¢,- taper, «,~ setting angle of attack, L




sweep angle of the leading edge, ¥,~ deadrise angle of the kth
plan of the wing, e:-%—- relative rise of the point of inter-
section of the root chord above the axis of the fuselage and

R={%- the relative radius of the fuselage. 1

Let us present the coefficients of aerodynamic force and
moments of the 1ifting wing by coefficients of rotating deriva-
tives in the form

= i = '..‘ v o °.
L=l *I LY, mMEMS G my, mEmuyemd, D
v=?vhvu'?!&"u,

where ¢=¢(t) 1is the small increase in the trim angle of the
complex, k=k(t increase in the flight altitude, v=®v(t) _
small increase in the bank angle.

The streamline flow around the fuselage, which has the form
of an infinite cylinder, vibrating above the screen, is modeled
by the system of dipoles with a constant (along the OX axis) in-
tensity with vertical vibrations and with an intensity changing
according to the linear law with rotating vibrations with resvect
to the 0Z axls. The position of the dipoles and their intensity
are determined by the principle of inversion with respect to the
cylindrical surface and the principle of mirror image with respect
to the screen, assuming in the first approximation the intensities
of the dipoles to be the same as those with vibrations of the
cylinder in an infinite medium.[1].

We find the speeds caused by vibrations of the inherent
fuselage above the screen at point Ei"l .C5 of the bound
coordinate system by the method of successive approximations
according to the following equations in which all the linear
dimensions belong to the root chord of the wing:
u'ﬂJ - with translatiomal vertical vibrations with velocity

',i--p . I‘fn‘lu‘(t) , W

'f"z""m’ (2)
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with rotational vibrations with the angular velocity ,(¢)

W, sh6,), W =s;lm,m, W, =5 8,0, (3)
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The quantities M and ﬂi entering into the velocity
expressions are connected by the dependences

T Tol_ Hr‘t ‘

m=-m, m —'T)‘a n=-(heql), 7/ T

In the first approximation (y = 1) we must assume that

m:‘ I. 'l‘.- 00'

We model the vortex surface of the wing by the system of
oblique horseshoe-shaped vortices, and we assume that the free

Miea o0 "

vortices are are first located in the plane of the wing and
behind the trailing edge according to the velocity of the non-
disturbing advancing flow in parallel to the reference surface.
According to recommendations of work [2], we produce the location
of the horseshoe-shaped vortices on each plan of the wing and the
selection of the check points in which the boundary conditions on
the wing are satisfied. The numbering of the check points is
continuous for the whole right half of the 1ift wing; the reading
is conducted in each plan, beginning from the first, along the
span from the root to the end chord of the plan and along the
chord from the leading edge to the trailing edge, where Nk is

the number of vortices located along the span of the plan, By, ~
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the number of vortices along the chord.

To fulfil the boundary condition of sealing on the reference
surface, the - vortex system of the wing is mirror reflected with
respect to the plane of the screen with opposite signs of the

vortices.

The fufilment of the condition of sealing on the cylindrical
fuselage with retention of the boundary condition on the refer-
ence surface 1s ensured by the successive inversion of each tth
transformed horseshoe-shaped vortex and its image relative to the
screen with respect to the cylindrical surface and mirror image
relative to the reference surface [3]. The transformed horseshoe-
shaped vortex 1s obtalned by the projection of the initial tth
vortex of the wing onto the plane which i1s parallel to the axis
of the fuselage and passes through the trailing edge of the plan.
As a result of a similar image within the fuselage, there is
avallable a number of horseshoe-shaped vortices of the same in-
tensity as that of the tth vortex of the wing but having dif-
ferent parameters. Replacement of the initial horseshoe-shaped
vortex by the transformed vortex with use of the method of suc-
cessive inversion is admissible in view of the small setting

angles of attack of the wing.

Parameters of the inherent tth transformed vortex ( U -
semispan, ‘Y1 - deadrise angle, Xi - sweep angle of the connected
vortex, 8 » It awd- §; - coordinates of the position of the vor-
tex in the bound coordinate system) are calculated in terms of

the initial geometric parameters of the complex in the following

way: ;'(‘, .)

#i=%a B Wy, » REmelyf,,

Bras- Sy, {us ()] -pte

nL=e ’!‘t""‘h’;‘."" o> ‘a“’l‘k““h’;‘p“‘ ¥
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{VR‘-:‘ whe |l =R,
T =

0 . whe |2]>R,

when k = 0 we must assume that ', =0 awd N, =0 { §} - operation of
the separation of the fraction part; (l - operation of the
separation of the whole part of the number.

The conformity between the number of the vortex { and the
number of the panel k, on which this vortex 1s located, is found
from the condition of the fulfilment of the equality

u-i : x
:L___-...“,", <i = gnpl’ .

For an accuunt of the change in velocities at the check
points 3 of the surface of the wing owing to movements of
the latter with resvmect to the vortices reflected relative to
the screen with nonstationary motion of the complex, the veloci-
ties induced by these vortices we expand in Taylor series with
respect to the small parameters of the movements Am{ and Atu
and let us be limited to terms of the first order of smallness,
so that in the case of the constant (in time) circulation of
the horseshoe-shaped vortex (I'.i(t) =u bl =const ) the value

of the veloclty 1s determined by the equation

' : " ol r. iﬁ; l'i;-
: W= T (B dny Ty o) - (s)

With the harmonic law of the change in the circulation of
the vortex with time, the lncrease in veloclties at points of

the surface of the wing owing to their small movements has a




higher order of smallness, and the value of velocities is deter-

mined by a well-known manner (at values of the Strouhal numbers
tending to zero, 13%;—4):
[ ]

- with the sinusoidal law of the change in circulation of
the vortex (rﬂzu.il'as'\.n pt)

r. A e,
uij:%l;k (""sj sin pt + QT'?cos pt); (6)

- with a change in the cireulation according to the cosine
law (F, (t)=ubF tos pt)

wljzulz—:i-(-q%i sin pl + @, t0s pt). - .0

With the harmonic law of the change in kinematic parameters

of motion of the complex
. . * y .
plb)=¢sinpt ~ h(t)=hsinpt, ot)=o'sin pt
the increase of the coordinates of the check point in the coordi- q

nate system connected with the horseshoe-shaped vor%gxfgng%g%ed

relative to the reference surface have the form

Y = a2 )
A'lij={? [2§3* g;.';--:('lr‘hﬁ Z’l.)qli \’.05.%0(;‘_-;.‘)19(‘ sin ?‘-]msqhsm pte

i +2htos @ sinp b~ Zv'[f,icns ‘T’i’(‘li sk )sing Jsinpticose; | |(8)

i

Agif?'(;i +T)sing sinpt+ 2k sin g sinp,t - : ;
-2e[Lsin g~ (7, +hws g Jsinp L.

J é
the increase in the coordinates of the cheek point in the

coordinate system of the vortices, which are a mirror image

with respect to the screen of the vortices located within the

fuselage, has a simple form

T - s . - - - -
By =g &;sinpl « 2k sinp )oos § - 0"(z cosl o g sin §T)sinp
A;{iz(v 25 sinp,t +2h sin plt)s'm i)f - n'(;é sun @:- 7, cos c‘pf) sin p‘t.

(9)




The coordinates of the check points entering into these
expressions are computed in terms of the initial geometric param-

eters of the complex

B =05~ Z’.tq&, {“'*5‘1‘,“ oy ﬁ, A

peo
peo L

p=e +§! Sing, + psing, ‘(gui'Ej)‘“‘Pjt‘i“;‘ i
L5 )

=t+) L c%y,oﬂjcns%. +(§'i- E)sing, ;.

p=8
In turn

; 2(1-9,
S05- Z‘p‘ﬂp .r-‘. J“:[“W 1£('*'13)]’

p=b

where A3 *#; and jj are computed according to equations (4)
with the replacement of { by }

Representing the dimensionless circulations of the vortices
In the form similar to the expansion of (1), using the devendences
€2)s (3)y (5)s (63, €71, (8}, and {9) sud satisfying at the
check points the boundary condition, which, taking into account
the nonlinearity according to the setting angle of attack, has

the form
. » 5 d
Wy, = W sine; —u g e, cas y, sin Pl *P.BA cosec; cos ; cosp b +

\ - g
+p'iy’(qisi.nujf B cose;cosp;)cospt - p b (5;rosy; + m; sing Joosa;rosp t

we obtaln a number of systems of linear algebraic equations for
determining the intensities of the horseshoe-shaved vortices of

the wing
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In turn
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We determine the quantities Figj-f;‘. .fﬁlr Uﬁ;j etc. by the

same equations (11), having replaced the parameters of the tth

vortex §‘i""j';‘i"%' i by parameters of the vortices

Bg.“_ .Ur}“. and so on.

F;‘Li ’ g"i ’

The parameters for the calculation of velocities induced
by the intrinsic é{th vortex of the right half of the wing, the
vortex symmetric to it relative to the wing, and also vortices
of the left half of the wing can be determined by coordinates of

the check point and parameters of the transformed vortex in the

following manner:




8= § FE F§ ~E-&;, L= -0y=-0y, Y= -§,= B =¥5,

TR v R,
fz;f[(‘lf‘h' 2h,)eosg;+(T;- 3, )sin g Juosa - 7, iif‘('b"Ia'z"o)51“‘?&'(§j‘§:)‘°5 9,
F'l.f[“lj"la)ws ?a'(C,-fEi)s'l“ p Jeose v x| B‘;i_:-(q‘.—m)stn Pt (&8 oy,
B[+ i 2k )eos 9o 8+ 5 )sin g Joos -z, BE (@ 1o 2 )singe (60 T )eos

-
b |

2={§,i— Ej)s'm ;.

Parameters for the calculation of velocities under the sum 2

sign with resvect to y are determined by equations

¥ _EF ¥ ¥ T ST I RS )

=B, =D& =0E =8, L= R == Tazt sin — 3

§s‘ EI.' E; §;} \-‘, l; il Kl ﬁftq‘\_‘*(tr)!
-T_

9 ==, --ﬁip“ﬁ'q;‘-i axc sin gx;['fl {r V(‘l 1y +(e%s +d’)’
i

T T s ' 'dr Tely
I L e e )‘“‘?‘a’(‘l;’“‘zi)““?fr
i BT d :l’ ) (12)
Tl T eyl (C--—)w'?., iz gty L pin?, (2

+ + g . Lol
L S E e, ‘§I=(§-*L3')m~rf- (g kine, 2

Tar

" Wz§=(’z,-ézﬁ)w #-{s Bl i, 0 g B sy - S Jin gt 7
where ?
. S L . SN o L S LS L. ]
RGN r)*.(m' @'’ RIRTTUE :

aT=-(2k +a?), T=c', B=-(2h,+8"), da'=d7. = |

We compute the quantities a', b'y, ¢', and d', which corres-

pond to the first aporoximation (Y = 1), according to equations

(13} having assumed here that
ﬁ.=1h¢!|si.ncp." i':ul..-e;sawi, E=g, ¢ ltosy, fl.zt-‘-!il:nsq:.t .

We compute the parameters for the calculation of velocitiles

10




under the sum sign with respect to A according to the same
equations (12), having assumed in the first approximation (A = 1)
that:

-.= -(l't.#'h)- tiﬁ“?& ] i.z 5 (z’lo"li)’ !is.‘“ "i y -.':;;’ !im?h a.=§;° tims'fi i

We compute the velocitles Wy.W¥W,, and derivatives of
velocities according to theStrouhal number according to equations
of work [4], producing preliminarily a demeasuring by means of

the root chord of the wing; derivatives of velocities %ﬁl.%%l.%FL
omd Wer/ L T K
can be obtained by means of differentiating with respect to n and

z of expressions for the appropriate velocities.,

After solving the system of algebraic equations (10), it is
vossible, by using the Zhukovskiy formulas, to determine the to-
tal aerodynamic characteristics of the lifting wing with a
cylindrical fuselage:

-~

v_ ZY' _A!:_ =, v v _ 2H' _!ﬁ_‘_ m_ e
C'- Pul.s g g;ritim'ﬂ» ml'w:gﬁ—‘ S grlcigimﬂ?ir

v lN:

2
W= Pt 5B = ’2 ;‘:—rfa‘ta(‘liﬂf“h’tam?a),
. -

where S 1s the area of the projection of the cantilevers onto

the plane XO0Z determined by equation

F bS]
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Division of the wing into plates and plans and the location of

horseshoe-

shaped vortices on them.
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