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INVESTIGATION OF VELOCITY FIELD BEHIND LOW-FLYING WING WITH FUSELAGE

(Presented at Scientific and Technical Conference of Lenin Ship

Euilding Institute (LKI), Cctolker 19¢9)

M. K. Bochin, pept. of Hydromechanics; L. G. TIsvetkov, Dept. of

Applied and Computer Mathematics

In this article we prcocpose a methcd cf investigating the
velocity field behind a low-flying wing with fuselage. The valuc cf
the velocity field 1s necessary in calculating the aerodynaric
characteristics of the tail assembly of aircraft which use tho screen

ceffect.
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Numerical Calculaticn Methecd of Velocity Field

We investigate the uniform movement of a wing of tinite span
with a fuselage above a solid screen. Tle steet of solid vortices
which is formed twist, acccrding tc [1], into two vortex tip
filaments, which lie upstream frcm the wing. The intensity anc
arrangement of the vortices are determined in tle main velccity field
tehind the wing. Therefcore, in our study we will ignore the strear
causec¢ by the attached wing vortex. Cccrdirate system Ox'y'z',

attached tc the wing (Fig. 1), 1s selected such that the attacte

o

vortex of the supporting wing lies within fplane y'oz'; the cx' axi:
lies dcwnstream trom the fuselage; the cy' axis vertically above it.
The fuselage is assumed to have the shape cf a circular finit:
cylinder with a zero angle cf attack. Cur symbcls are: u, - velocity
cf undisturbed oncominyg flcw parallel tc ox' axis and plane ot
screen; Ty - intoensity of vortex tip filaments; { - their distanc
frocm diametrical plane; € - elevation cf free vcrtices above tuselaye
axis; h - distance of fuselage axis frcm Screen; FE - radius of
cylindrical fuselage. work [3] should ke used as a guide in selecting

the arrangement of the free vcritex filaments.
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In order to satisfy the conditicn cf ncnleakage on the fuselage
frcm vortices 1 and 2 (Fig. 1) in the case cf a wing and fuselage
roving in an intinite fluid, according to [<] we place vortices 3 and
4 at the points of inversicn inside the fuselage. In order to satisfy
the bcundary condition cof ncnpenetraticn in the case of a syster
rocving near a solid screen, we map on it ir mirror image relative tc
the plane of the screen the preceding vcrtex system, thus oktaining a
hyrothetical vortex system (vortices 5-€) . In crder to eliminate *he
viclated condition cf nonpenetration on the fuselage while preserving
it on the screen, we use the method cf successive inversion of
vertices, in which each vcrtex of the hypothetical system (vertoex Ag,
Fig. 2z) is mapped in relaticn tc the surface of the fuselage, placing
at the pcint of inversicn vcrtex B,, which is mapped relative tc the
screen - vortex A;. Then, we perform a seccnd agproximation - veortex
A, is mapped on B, and E; - on A,, etc. AS a result of this chains of
vortices are formed inside the main and hypcthetical fuselages, and
in the presence of vortex A*,, which is symmetrical relative the
diametric plane of vortex Ay, the same chains are fcrmed, althcugh
this time symmetrical in relation to MM with circulation of th=
Cfrosite sign. After the j-crder of approximaticn the "residual
leakage" of the fuseclaye is the result cf vecrtices ﬂ, and g;, which,
as the approximaticn crder increases, mcve closer together, reducing
the velocities induced Lty them and thus assurirg necessary accuracy

in satisfying the boundary ccnaition on the tuselage. The ccmplcte
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vortex system corresponding to the studied grctlem is shown ir Fig.
1, where dashed lines represent the chains cf vcrtices.
O¢

Let us determine vertical downwash w = o, at point M (x', y*.
°

2'), after introducing the dimensionless quantity

G 5. R @ = § x £
M= uﬂ[ 1 R= T e—Ty h=‘?, I=—(—‘ E=— etc. (M)
After applying the Bict-Savart formula tc the elements or the

vcrtex system of Fig. 1, we get:

r [& RS E I x o, ""4 =
_G [n- ("") . 1; <'+ ] ’-—.11+1';>+;;6') (_li)‘l(' liflt‘(*‘:? L (2)

where

4w V(i‘-cn)z+ (y- %) & 1;= V(!-c:)\‘(y— 2:7; (3)

7, and &, are the coordinates cf vertices 1-8, where n is the nuwier

cf the vortex according tc Fig. 1.

The values of the coordinates have the fcrm of

1
6= Ge=—Gy=—8&=1: &= C'I-—¢3=-Cl=%i'; U4==8

1]

- EL; 2= 2=-(th+8): 7= 'l,=—<zﬁ+ E—E-;) (4)

1+€ 148
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1‘ and §, are the coordinates of the vortices ir the chain, where A

is the number of the chain (according tc Fig. 1); 7y - the nuamber oz

the vertex in the chain (cr crder of apfroximation).

The coordinates of the vortices in the chains in shifting frerm

aprroximation y to apprcximatico y ¢+ 1 sher X\ = 6 and A = 7 are

calculated according to the forrulas:

&L e e RR+7%) :
L R 0T G (B et

Then, the coordinates of the vortices in tte chains for the
; ; . ¥
given crder of approximaticn (y = const) are related to C: ;c:; 26

and 77 by relationships:

¥ aF v SIS Ve ol b ¥l
L= 22"—(2}."" )i U= Gy= &=—5="5¢} (6)
o= '3 ¥ ¥ ¥ 3 1
B=T=—(h+0) T=7 &=0b=—C,=—8 |
The ccordinates of the first vortices in the chains (y = 1) when

AN =6 and N = 7 are determined by formulas (5) through coordinates
with cortesponding indices n = 6 and n = 7, which are calculated

according to formula (4).
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By using the DBernoulli equation and applyirg the Biot-Savart
formula to the elements of the vortex system cf Fig. 1, we get a4

formula for calculating the distributicn cf the pressure coeff{iciont

cver the surface of a cylindrical fuselege:

2
n" R- 0098~ 7,5in8 B¢ o8- 7" sin x
| ————,——" (~| —A L AL hﬁ b {1
5312 ( 'i? 3)" '."., ’ (E)'L ( 11‘_(&1 ( )
where
A= V(ﬁ-me—cn)‘ﬂhns 2fs g V(Fane-c:)‘f(foine A (8)

6 - is the polar angle of the studied pcint on the fuselage surface,

reckoned from the heorizcntal plane.

In calculating guantities W and P acccrding to formulas (z) and
(7) we should limit ourselves to approximation 3 = k, where the
increment in the sum with respect toc y beccmes lower than the

required accuracy of calculating quantities w cr f.

According to thnis methcd a calculation was performed fcor a
secticn of infinite distance dcwnstreanr for the distribution of the

reduced coefficient of fressure 7§-ovet the surface of the fuselag>
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(Fig. 3) and the reducceu vertical downwash along the wing span

8
T
(Fig. 4) for the following calculated parameters:

R =%=o.zo; Fs—'tl-ao,zs; g=0.

Investigation ot Velocity Field con EGDA Device

For a section of infinite distance alcng the stream the
investigation of the velocity field tehind & lcw-£flying wing with a
cylindrical fuselage can be done or a rlane electrohydrodynaumsic

analogy device [the EGDA], as shcwn 1in Fig. 5.

The symrceols in Fig. 5: 1 - sheet cf electrcconductive paper, 2 -
tus, 3 - electrode which simulates vortex, 4 - sheet of
elect 1cconductive paper which simulates plare urdisturbed tlow, S -

direct current source, 6 - galvancmeter, 7 - fprcbe. :

Simulation of the free vortex flowing cff cf the wing tip is

dcne Lty an electrode (scurce ot electrical fielc). Observance cf the=

toundary conditions requires that the ccntcur (ct fuselage and
screer) in this analogy be made from a conductcr. The symmetry cif tne
flow in relation to the diametric plane is assured by installing a
tus in this plane. In this case the fcrce lines of the electrical

field will correspond tc the equipctential lires in the stream cf




fluid, the equipotential lines of the electrical field - tc tue flcw

lines in the fluid.

The posed problem fcr a secticn cf intinite length was modeled
cn the EGDA. The following was c¢btained: the field of vertical
downwashes over the span of the wing (ccmpered with calculatiors cno
Fig. 4), field of vertical downwashes at lccaticn of tail assemtly
(Fig. 6) , and pattern of flow lines (Fig. 7) fcr fcllowing

rarameters: R =0,20; h = 0,25 ang € = 0.

CCNCLUSIONS 1. The experiments performed cn the
electrchydrodynamic analogy device verified the proposed methol zor
calculating the velocity field tehind a low-flying wing with

cylindrical fuselage both qualitatively and quantitatively.

2. The cylindrical fuselage substantially affects the velccity
field near the fuselage, within a regicn of 2-2.5 times its radius,
decreasing or increasing the vertical dcwnwésh éependinyg orn tue

locaticn of the studied pcint.

3. When the system of wing and fuselage apgrcach the screen, the
rarefaction curve on the surface ot the fuselage, which is causcd hy

the vecrtex sheet flcwing cff of the wing, decreases on one hand,
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while on the other there cccurs a redistrituticn in this curve, as

result of wnich additional lifting fcrce develcgs cn the fuselage.
This deduction must alsc gqualitatively lte verified by the fpatterr

flcw lines oktained on the FGDA.
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Fig. 5e

Key: (1) Screen.

T M w

7T 7277 222272727

P

o~

FTD=-ID(RS)I-0531-T77




Lec = 0531 s
Fig. 6.
Key: (1) without fuselage, (2) with fuselage.
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