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1636

APPR OZI PIATE P~ETH OD OF CALCULATIN G AE R O DY N AN I C W IN G CHARA CTER ISTICS IN

THE PRESEN CE OF A CYLI NDR ICAL BODY

V. A. Gray voronskiy

The continuous flow of a steady perfect incoipressible fluid

abou t the combina t ion of a wing with a small aspect ratio and a

cylindrica l bod y is considered in the nonlinear formulation.

The wing is :onsidered to be thin , slightly curved , and its

surface is near the plane of the meridian.

In order to solve the problem , wing cantilevers are simulated by

a system of oblique horses hoe vort ices. It is assumed that the bound
lifting vort ices are arr anged like those of an isolated wi ng [13 .  The

-. 
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free vortices converge with the wing surface [2.3. The cylin drical

body is replaced by a flat dipole and a system of vortices which are

the reflection of the wing vortex system . The free vortices of the

wing are ass ume d to be stepped with sufficiently siall spacing t

(Fig. 1) when constructing the reflected vortex system . The position

of the ref lected poin ts of the vortex syste. is determined fro . the

formula

(I)

where r* ~nd r are the distances from the axis of the cylinder to the

reflected poin t an d the point being reflected , respectively; a is the

radius of the cylinder. Here the value and direction of the sections

parallel to the axis of the cylinder do not change during reflection ,

while the sections perpendicular to the axis of the cylind er are

transforme d into peripheral arcs.

We will  introduc e the dimensionless coordinates

x zII=-
~’~~~=i—;,, 

C
~~~

_
~~
i

wher e

L is the wingspan : n is the number of elements into which the

—~~~~~ V V V _ V~~~~~ 
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cantileve r is brok en dow n in the direct io n of th e span;

Usi.g v to dsstqmate the horseshoe vortex in the lirection of
axis OC (I~~~~~*) mmd ~ — in the direction of axis

o~ (I~~ &~~ m), we will have the following geometric relationships
for the vortex system.

The angl e of swee p of th~ reflected boun d vorte x -

= — arc tg (.!! ~~s) (2)

wher• _ _ _ _

is the half—span of the ref lected horseshoe vortex.

The coordina tes of the breaking points of the reflected free
vortices are determined by the formulae :

_ _ _ _ _ _  _ _ _  _ _ _ _ _ _
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t~II4Is 
-

____ 

a’St tg 7..
— 

(at tg jWi ~a

a’(a -4- 2v)
‘~~~flj~~ +

Here s is the sequence n u m be of the stage of an arbitrary stepped

vortex (s = 0, 1, 2, ... , N ) ;  ~~ is the eagle of inclination of the

free vortex , vhi:~i is far away from th. axis of the cylinder. The

eagl. of t aclination of the free vorte x , which converges wi t h element

v — I  mmd is close to t he cylin der ’s axis , is assumed to be eq ual to

zero.

The boundary conditions of the inpenetrability of the wing at

points j , q are:

iI~~ I~~a, I~~ q~~ u), (4)

where

(V~) 1, IIJ~

La th. velocity from the vortex system in the direct ion of

axis o~ . ?h. eagles of incination of the free vortices to plan e ~oC

~~~~~~~~~~~ ~~~~~ • ‘~
• 
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are determined by the direction of the local velocity at point F,

whose projectio n on plane E0C is a certain distance 6b from the

trailing edge of the cantilever cross sect ion (Fig. 1 ) .  He re the

formula for determining the direction of a tree vortex with numbers

i. p is
ri

__ 
7

I + a’ ‘
~~ + ~ ~~ 

+ (V~)1,(~ ‘~ j  (l~~i s s , , I~~pEr4 (5)
ctg a + (V ~.)1,

where ~~~~~ (V~) 1, is the v.locity at point ~~ ~~~~ from the

vortex systems.

The velocity operator in direction k can be wr itten as:

= ± E Lr ,L( v*)~
L + (W~)~” +( V ~~~~~ (f *  )~~~L +  ( II

I_I p~ — I

~ I’~ (( V ,)~~ — ( V~)I’ I • .4.. ( P

~
)
~~~

’ ~( ~~~~~ (v: ,I)~!’~’—( 
~~~~~~~~ 

“La—

(6)

whet. La the intensi ty of the ~~, 1.—th vortex;

(V~’~”L , (Wh) ~~ mrs th. veloc ities from the correspoadiag ft.. mmd

bomad vorttc. s of id.atica l inten sity; (V ,.)~’L’.(V 1) V~’, (W W is

the velocity from the reflected horizontal , vertical , and bound

vortex seg ments , respectively.

V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Coeff ic ient f determines th. cantilever. In view of the

insignifican t effect of values (V ,)~~’ on the solution , they can

be disregarded .

Equations (4) and (5) are solved by the method of successive

ap proximat ions. The nu m e r i c a l  calculations shoved tha t  the  nat ure of

the convergence of the solution due to the iteration process

corresponds to the case of an isolated wing [2]. The effect of val ues

Ab , t on the solution is insignificant.

Using N. Ye. Zhukovskiy ’s theorem on lift “on a small scale,”

after si.pl. traasforsmtioas we will obtain the following for

coefficisats C~~ and C ., in the j — t h  cros s sect ion:

2a~~
(_ 1_ .

~ i) s~n
2a

(c ,)1 = ,~
L..

1
_ 

~~~V~~~~~~~~V V  

~~ r;,i ctg — ( VW5, — ( V~ )1, tg /~J; (7)
.4 — I I —  -——1 (2i ——I )~~’\ ~a /

2:4La(.!~+l)sIn
2s

(c .,) 1 — — ~~ r;,~ctg a + ( V~,)1, 
—

m [~m_ (I
_ ._)~~1_I) ~

_s

— (~ ~~,tgZ,J (p — O ,7&). (8)

For the wing on th. whol.

-.  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~,= ~1~*4!’f~~ ~ I’t,~ctg * + ( V~)~,—( V~ ,,tg Z,J :
1.—I— (9)

m1 .= — !~~~~!!_!- 
~ ~ 

r;~ctg~ ± (V ~) 1, — (~ CL )Jp tg X~J >.
/.- I p~4

_____  

2 j — I  
tg7.,). (10)

where is tk. aspect ratio of the cantilever; b, is the root

chord; ~~~~~~~~~~~ is th. tip chord of the canti lever) .

The numerical calculations made by computer agree satisfactoril y

wi th  the  exper imenta l  data. Figure 2 show s the distribution of the
coefficient of nor mal forc. over the  stan — Z 2~~~

—
~~~~~~ for a

s t ra ight  wing (è., 2.00, • 0.185) which  is centrally located on
the cyl ind rica l body. Figmre 3 shows a graph of t he  depea d enos C,

f ( a )  of the combination of a wing and a cyl indrical  bod y (X, a 0.61,

• = 0. 39, ~~~~ 10) . Th. lift coefficient was determined from the

f o r m u l a

V (11)

CyN is th• l i f t  coeff ic ient  of isolated wing  cant i levers; k .  .~k.

at. the coefficients which consider the effect of the cylindrical

body on the cantilever , an d vice versa , respec tively; c .,., is the

‘
~~~~

- : .
~~~~~~~~ 

•

~~
‘

~
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lift coeff icient of the i4oiated body; S... S., ~r, th,  areas of

the mi dd le of the cy l i n drical bod y an d the w i n g  caatilev•r ; c,, k.

is the lif t coefficien t of the cantilever in the presence of the

cylin drical body, determined by this method. s~*~ was determi ned by

the theory of thin bodies.

The lift coefficient of an isolated housing was calculated fro.

the Allen formula (3]:

c,,, — 2i --c .,,,. sin2 a ,
(12)

~~~ was assumed to be equal to 0.35 , which agreed with the

experimental data for an isolated housing ; S..A.I, is th. area of

the housing in the plane.

Figure 4 shows the characterist ic distribution of the nor mal

velocities in the cross section of the cylinder calculated for a

vortex system with one free vortex (f’ Sin a— i; a—O.5) at y = 15°

and 
~ = 0°.

The value (Vt3),,~ wan disregarded in the theoretica l

calculations.

Bibliogra p hy

- 

—--



DOC a 1636 PAGE 9

I. S. ~~. Belotserkovskiy. Thin Supporting Surface in a

Subsonic Gas Flow. tad. “Nauka ,” 1965.

2. S. D. Yermolenko, A. V. Bovnykh. Nonlinear Theory of

Supporting Surfaces. “Izd. Vuzov, Aviatsionnaym tekhnika,” 1967, No.
2.

3. H. H. Kel ly .  Est imation of Norm al— Force , Drag, and
Pi tch ing— moment  Coeffic ients  for  Blunt—Based Solids of Revolu t ion  at
Large Angles  of A t t a c k , lAS , VIII , August 1954 , V. 21. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



DOC a 1636 PAGE ~~~~~

Fig. 1.

KEY: (1) Arbitrary stepped vortex.
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Fig. 2.

KEY: (1) Nnnlinear method. (2) Linear method. (3) Experiment.
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Fig. 3.

KEY: (1) Nonlinear method . (2) Linear method. (3) Experiment.
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Fig. 4.

KEY: (1) Normal velocity from tree vortex (1), with consid eration of

reflected (2) • complete vortex systen (3)
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