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. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

.

Transliteration Block ftalic Transliteration
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¢ G, g YN Yy y U
d )y G g ® ¢ By
¢ Yo, ve: E, e® N X X «x Kh, kh
E74 bhis S lu u y i R
’ L Yoy Yy v Ch, ch
u e W w W w Sh, sh
hi N el Ul w uw Sheh, shceh
x K. K b D » i
a Ly 1 S AN w Yy
“ , m bt b » !
N Ny, n } 3 5 E, e
0 B O W W O » Yu, yu
n P, p Hon A a Ya, ya

*ve initlally, after vowels, and after wv, b; € elsewhere.
When written as & In Russian, transliterate as yé&€ or 8.

Russian

RUSGIAN AND SNGLISH TRIGONOMETRIC FUNCTIONS

Engllsh Russian English Russlan English
-1
sin sh sinh arc sh sinh_
cos ch cosh arc c¢h uosh_l
tan 374 tanh arc th t :mh__1
cot (i o coth are oth \‘\‘th_
sec sch sech arc sch sech
A
e8¢ ¢sch ¢sch arc csch csch

Russian English

rot curl
1g log
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METHOD OF APPROXIMATE CALCULATION OF AERODYNAMIC CHARACTERISTICS OF

CAMBERED WINGS WITH VARIABLE SWEEP

A. I. Pastukhov, Department of Hydromechanics

The wing is replaced by a system of attached vortices of
variable intensity cver the span, distributed continuously over its
middle surface. Emerging from each point on the vortex sur face are
free rectilinear vortices with variable angles c¢f decalage over the
chords and span and arranged in the vertical plane parallel to the

root section.

In calculating inductive velocities the system of attached

vortices is assumed to be equivalent to the vortex system of the
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projection of the middle surface onto the plane vhich passes through

its root chord in a direction parallel to the span.

The angle of sweep of the i-th portion of the attached vortex

{(Pig. 1) is determined by the expression

t, l'(:z) =tg l; -Ilg l:' =

vhere

; ol o
g7, = 7 (92 19%,) 95 = (9% 45,

= X ; : el ;
I== is the relative coordinate of an elementary lifting vortex in

the root section.

Assuming that the vortex density I(I..'d) at section point I,, and

in the root section J(Z,9) are related by distributing function X( %)

in the form of

I(Iav 'd) - Y(In'd) I('!'d) (M

for the intensity of the elementary lifting and free vortices we can

get, accordingly,

r(x, d)]( 4y +%) @,, €03 2, dT

J(3.«) I( - )a + J(a,,. ) " o)X drdx
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vhere local narrowing of the wing projection is determined by

expressions
a -&L=5_az_§z)t £ =% 7ol fab.gat
ol ' e ! %, &=3 ' I=1: L=3" a’

For calculating inductive velocities the V-th segment of the
span is broken down into M, bands of wvidth Ly/n . Quantities
oy o2 .Q,= 9. P are assused to be constant and equal to their values
in the middle ( of the bands. In this case, after swvitching to

angular coordinate

for the normal velocity component of the downwash, caused by the free

vortices at the point with coordinates
e L
[ ' ¥ & + e B
1, =-ac0b, J"-'Z‘L' (% *0.3) n,

ve get, approximately:

Wea 7 5 fx,"""“= ﬂl..im Ttr &01 u(rr)mf] @

vhere

N L@,*3) " 0cosp, o o
7(,)-0'31':."“.[{(1“35;.)‘]" A R ZL @, as) ne (3)

1=0

EERE R TS tsx.)(zn):,x"tuw(ﬂ)zsx (®)
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The velocity component of the downwash N;" is calculated by
(2)-(4), replacing cop. in (2) by ﬁl’“: the cosgoaent hdz is
calculated by replacing (f'f')c‘”h by(y'o,"):inp_i o vhere

dcorp,;

) e T

o e L T
P(P)=TLIDL* (008 7 F(xr 0972
10 tee ] [

By using the same assumptions for the velocity caused by the

attached vortices, we can get

T Ll
v [ e o T e Fur oo
vhere
0 y(y)t, l:_‘
[0'* ,.("‘).J F

In compiling the integral egquation the velccities which are

q(H)=

normal to the wing projection are considered to be directed along the
local normals (n, in Pig. 2) to the middle surface. Then, the

condition of impermeability is written in the fcrm of

A

where

d:l (..' d) e "u’ dcu(..) ’
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o {is the angle of attack of the plane of the ving

projection;

% - amgle of twist of the middle section of the

K. -th plane in relaticn to the root section:
«.(6) - angle of curvature of middle line of section:

(3) - angle between local normal and plane 0,7, Y.

If we seek the solution to (5) in the form of a series (3), (4],

(5] -
I = 1[‘« @)clg 3 ’Z"A_“(d)aian], (6)

we can get

1/ r's . -
‘ltl= f(j P!l )i" d'. €0 YQI da' -Rl’ljpv:. dc) ’
L}

T L
“2 - . . . - " gt
‘“':-‘—ﬂ-(f P':Jm o« 00y, coImEde -R"j Q:'coa m840),
.

s
J i:.(l-COJG') sin d:l s 'ru de’ . -p" = P:" " -ﬁ. = . &
Ree™ 5+ f 'E:. (1 - c028’) @’ sals. * Pe
L}

As our original values of P. and P,,. ve can use those calculated

for deteramining vortex density over the chord Ly the lav of the
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cotangent with an elliptical distributing function. The value of the
angle p, (8~°‘) can be assumed constant (according to [3] p'=d,

according to [1 ]P.‘%)'

Prom the obtained values of A,, and A, ve determine according
to (1) anfd (6) the distributing functicn of the first approximation
and also P:. and P,:, for distribution of vortex density (6) with the

variability of values p“(a,d) considered.

We know that the most intensive formation cf free vortices
occurs on the leading lateral edges. The angle cf slope of the
vortices to the lifting surface on these sections can be determined

apyroximately in the form of

. L]
nndg,

tgp (8'.) = (N

) . s ;
P 'zlt.cml"

" ee

< 1
o dn’ (An: 2 R

The boundaries of the sections vhere intensive vortex formation
cccurs are very difficult to define. Moreover, inside the boundary
layer, with the exception of the wing surface itself, the velocities
normal to it are generally equal to zero and the flow lines do not
adjoin the surface. On this basis we assume the possibility of
directing the axes of the free vortices along these flow lines and
consider the angles of slope of the free vortices not equal to zero

even beyond the limits of the section, where such a branching of the
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vortices is confirmed experimentally.

If we assume that the distributing functions differs little from
the elliptical and, consequently, the deciding role in the formation
of the downwvash is played by vortices of great intensity flowing off
the tip sections, then there can be no great error in "spreading"
angle B, determined by expression (7), over the entire wing surface.
This assusption does not contradict the condition of nonleakage,
since the vortex system is actually formed in the boundary layer and

only for the calculation schematic is it taken to the middle surface.

The second and subsequent approximations continue until the
values of the coefficients of the series coincide within the limits

of assigned calculation accuracy.

Por a small number of breaks in the leading and trailing edges
of the wing the calculation can be reduced to sclving a system of
algebraic equations, wvhich has definite advantages for digital
computer calculation. With this in mind, after introducing the

sysbols

-~ -
-

L a“ oy L' u'l + Hn
. e | ‘ . =% coIx_
n, Inl (pey)corp, cmx,; H 2n, i e

ve can write equation
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] [x (Men, )—X' n'n.]n'nad0=zﬂ:ind"co:y‘., (8)
". i vt
vhere

x . x...,. ’ xp-l.lz_zxﬂ’l_n-l.

If we substitute in (8) the value J’,: from (6) and confine
ourselves to the number of g terms of the series, we can get an
equation for (‘1")2:'% of coefficients A, andA,, (m=179), Given q + 1
by guantities 6* for each of the values of *,= 0 “7N1 (¢=0:p-1) yve can
also obtain the corresponding number of algebraic equations which are
linear with respect to the coefficients of series (6).

If we assume that the downwash velocity components W::, are
directed in planes tangent to the middle surface of the wing, then
for the component of total relative velccity normal to the axis of

the vortex, ve get

= vxu @ .
- = b
L (COJO( A )coa X~ W oin

e’

In this case the coefficients of the force cf the pressure of the

¢ -th section normal to the plane of the projection (direction 7,, in

Fig. 2) referred to an element of the projection surface 20,d%, is

found in the form of

lu ) 'JQ'
II..( cml (8) —— 9
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however, the expressions 0;)0 and O;Ju are found by multiplying the

integrand function (9) by

- . .
c0) d JKTIC‘
and g T ¢ respectively.
CDJ(d," d CDJ(d,"’ dt T

For the coefficient of the moment of hydrodynamic forces
relative to the axis running through the leading edge of the root

section parallel to the stand, ve get

0 oL i(Snnn s g )

10

4
. ' vxu(al'd) L ' a ' '
j X" (8, 0() -C_(J;"(—O') co)B +yg.(a)t9 [d"“' dm(e)]}unﬂ ds "
[ ]
If we assume that these coefficients are constant within the limits

of the X.-th band, then the integral characteristic can be obt ained

in the forna of

’,[....( Q)] 3 ["z"( hi]

= = m = Sl L

where 3,, represents the narrowing at the beginning of the ¢-th

section, d, - at the end.

The calculations of the first apprceximation, performed according

i
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to the discussed method for a plane triangular ng, are in good

agreement with the data of the experiment (Fig. 3).

Figure 4 gives us an idea of the distributing function and the

distributed hydrodynamic characteristics.
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Angles of sweep of wing and attached vortices.

‘.

Fig.
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Pig. 2. Coordinate system of wing section. KEY: (1) middle line

l&-tl\ section, (2) Projection plane.

of
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Fig. 3. Comparison of calculated results vith experimental. KEY: (1)

Calculation, (2) Sharp edges, (3) Round and elliptical edges, (4)

Bartlett and vidal, (5) Triangular wing A\ = 2.
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Fig. 4. Calculated values: a - of distributed hydrodynanmic

characteristics, b - of distributing function.

b)
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