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INVESTIGATION OF AERODYNAMIC CHARACTERISTICS OF V-WINGS NEAR

SOLID SURFACE

(Reported at Scientific-Technical Conference of LKI [Leningrad

Ship-Building Institute] in May of 1967)

y

N. B. Plisov and F. F. Latypov

Determined in this study are the position and rotary derivatives
of a V-ving moving above a solid screen. This problem is interesting
for a number of probleas in the dynamigs of vehicles vhich use the

screen effect during motion. Studied is a thin V-wing of rectangular
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plan shape above a solid wall. The OXYZ coordinate system bound to

the wing is shown in the figure. The planes of the wing are
designated as I and II. The direction in vhich the v-angle is
reckoned (shown in the figure) is considered positive. We assume that
imposed on the translational motion of the wing along the wall with
velocity U, are harmonic oscillations of low relative frequency in
the pitch and roll planes. The induced velocities are considered low,
vhile the vorticity beyond the wing lies in planes corresponding to
the planes of the wing. These assumptions are realized at small
angles of attack, relatively great distances between the wing and
surface , and vhen the amplitudes of the harmoric oscillations are
small. The condition of equality to zero of the normal velocity
component of liquid particles should be satisfied on the solid

screen.

The solution to the problem is obtained by the method of S. M.

Belotserkovskiy [1, 2, 3]). According to this method the wing surface

is replaced by nonstationary discrete vortices, and the

integro-differential equations describing the problem are reduced to
systems of linear algebraic equations relative to vortex

circulations. To satisfy the boundary equation on the screen ve must
introduce a hypothetical wing, which consists of the mirror image of

the boundary of the main wing and has a vortex circulation of the

opposite sign. The planes of the mirror-image wing are designated as
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III and IV (see figure). According to [1), dimensionaless vortex

circulations ( l}-—%ﬁ:—-"’. vhere (i- is the span of the horseshoe-shaped

vortex) can be represented in the form of:

&, _on i ws Wy,
(1) e[atfs s[oy + [ Oyt @+l iy

Rere q‘-gg; ri-'r__aag vee @tC.3

o A Qm - dimensionaless angular velocities;

o -

The coefficients of aerodynamic forces and moments are

determined [ 1)

o “. wy Wy .
c,-c, d"‘c’ da"'c' W’*C, w,‘*
2) m,-m:d +M, & +m:'m, +my, Gy g

Mg iy +m i

y . e o .
s I T O

c;; c;"; c:'; m: etc. in (2) represent the coefficient of the

position and rotary derivatives. These are expressed as
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dimensionaless circulations of attached vortices. The latter are
determined from the boundary condition of non-flow over the surface
of the wing, which, on the strength of the syametry of the
longitudinal axes can be satisfied at discrete points only on surface

I. In the linearized form this condition for the V-wing takes the

form of:

@) B = -dlcospe(@y T — @) cosp-wyfaing,

vhere W- is the induced velocity norsal to plane I.

By introducing the new coordinate systea 0zng (see figure), this

condition can be written in the following form:

() = — olcosp +a0, 2 cosp - 0z -

5

The solution to the analogous probleam for deteraining 5
characteristics in the longitudinal plane ( Gl=0) for certain

complex lifting systems in an unlimited fluid has been investigated q

-

in (4). The expressions below differ somevhat from those obtained in

2 (4] for the studied case. Moreover, in the present study the rotary

derivatives in the roll plane are also determined.
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If ve assume that the kinematic parameters change according to a

lavw in the form of of = o?,.iinpt, and ve introduce the dimensionless

velocities induced by the i-th vortex at the j-th point
; pb
( wufﬂj:-'ﬁ-%}), then at low relative frequencies ( §= "!L"'O) we can

obtain from (3) the following system of equations:

L ] e
(%) 2; r "-[w;q- w%?(%—»,fﬁcos%{u}@-%},)anz}a] o

vhere ;“'. - 2%cosp
#% 25w cosp -%1 :

B o o o -

) =-i ,21:“[%?;" ‘ %?"U+(_aa§.,_ %,50)‘”‘3“(%.”' %?.v) ’i"”] ’

AT AT YT ST YT S LA T e

vhere Ao-i- is the aspect ratio of the wing; N - the number of

vortices for the half-span. Load r* is antisymsmetical relative to

the longitudinal axes, and thus the system for it takes the foram of:

(6) ZH*HV*%*(-Q;U-&;‘I) cos 2 ’6;’1.%71) 4in 2’]- -2n -? .

oo
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The systen for l'iu‘ is written analogously.

1]

In (4), (5), and (6) J 1 2¢ 3 ««o m, where m is the number of

vortices on half of the wvwing:

w.,z and "":I (M =1,0,8,1Iy) represent, respectively, the normal
cosponent of plane N and the parallel component of plane M
(transverse) of the velocity induced by the i-th vortex belonging to

o1 [
plane M at the j-th point on surface I3 .aa'.;_'ly and _aa'%‘y -

derivatives of the indicated velocities for disensionless frequency g

wvhen q = 0.

Formulas for ww 3 ww; ?;:'—V- and %’{'—“ were obtained in (2].

They are written in a coordinate system bound to the vortex, and thus

ve must knovw the expressions for the coordinates of the j-th point on
I which refer to the half-span of the vortex in all the systeas
related to the i-th vortex on different planes. These expressions are

provided by formulas:

=k (- )
"0
E’:j- =2(K=Kj)
qtq-‘ll"ly >
;'v--‘litulj"‘(

)

- ;nun-u-uu-l-ililI.lIiii:‘iiiiiillnﬁn-n-a-_nr PRp—
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'l;- =8N chwJp +4;9in2p
C:j"&l\fﬁjinja-/y C0328+4;
73984W6aqp
C;"&VZﬂqpﬁﬁﬂh ]

wvhere
.= A e | 3
A; = 2V (2K;=1)

A; = 20-(26=1) -

After solving the systems for circulations, the coefficients of

rotary derivatives are found through formulas

i, By _ Acosf ‘2'" o, ic, 0y, O i
K &l & 00y,
; Y Ac03B © o, Wy, i
m:v“-“'h“’lg- —.-”-T‘E .'[' o —%—L > - (8)
ﬁk,.* -‘ “‘a‘b (‘
4y 7 . 41T

.
Por a negative dihedral wing - B should be substituted

everyvhere for B.

Series of wings with aspect ratios A\ = 1-4 were calculated from

the above formulas on high-speed digital computer i-20.

RIS, o J"a

sidasame alho bl M, Loy o8 L

il Lo L L bal . _omandh ool den b

e

SR\
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The V-angles were varied from zero to-fIS‘: the relative
distance of the wings from the screen was 5-0.10 e=. A system with 40
vortices (m = 40) was selected as the calculation system: 8 -~ over
the half-span (N = 8) and S - over chord (n = S5). The work of the

machine was monitored by a manually checked control variation and by
the values of the rotary derivatives when 8 = 0, the data on which

can be found in [3]. Results of the calculations are presented in

Tables 1-4%,
- w, o« wy Wy
[ FOOTNOTE: Characteristics C,; C,ﬁ my, ™, Mx for wviag of \ = 3

given in [ S]. END FCOTNOTE.)

CONCLUSIONS

1. At the selected constant values of h for all wing span ratios

vwe see a significant dependence between the studied characteristics
and the V-angle. This is explained by the different distances between

the screen and wing sections at different P values.

2. In comparing positive and negative dihedral wings for the
same minimal distance from the screen (vhen p 20 ﬁ;,‘.-ﬂ'; vhen
p=<0 ﬁ_m-i;- -!'.;(”‘) vings with the negative dihedral (anhedral) have
characteristics and derivatives vith respect to ];m ehich are
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greater in absolute value than wvings with the positive dihedral for

the same value of pB. The maximal characteristics and h derivatives

with respect to absolute value are possessed by flat wings (B = 0).

3. For V-wings the shift in the pressure center when the height

above the screen changes is less significant than when g = 0.
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Table 1.
A=1
@ o ay (™ o Wy & )
F f. C’ u.- mgy my m_t Cy = m! m? My

»

0 [3,065 | 0,867 | -0,191(-0,0775 1,517 | -0,017% [-0,0471 |-0,0581
10 |2,307 | 0,683 | -0,165|-0,0682 1,227 | -0,0120 |-0,0815}-0,0511
20 |1,861) 0,565 -0,142|-0,0640 |I,102 | -0,0086 |-0,0364 |-0,0479
30 0
s

h =0,

1,498 | 0,462 | -0,I119|-0,0613[C,842 ,0066 |-0,0308 |-0,0457
1,006 | 0,315 | -0,084-0,0580(0,5680 { -0,005I {-0,02I3(-0,0430

0 |2,465 | 0,714 | -0,162|-0,06681,238 | -0,0063 [-0,0431 [-0,0507
2,057 | 0,617 | -0,149|-0,0617 1,091 | -0,0054 |-0,0400|-0,0477
-10 |3,329 | 0,903 | -0,175|-0,0779|1,456 | -0,0022 |-0,0492 |-0,0588
2 1,736 | 0,531 | -0,133|-0,0605 0,949 | -0,0086 |-0,0357|-0,0459
30 {1,432 | 0,444 | -0,IIa(-0,0587/0,800 | -0,0041 |-0,0300|-0,0444
5 |0,983 | 0,308 | -0,082|-0,05620,564 | -0,0039 |-0,0213|-0,0422

= 0,I5
(5

0|I,886( 0,577 | -0,138(~0,0577{0,988 { -0,0034 (-0,04I0(-0,0449
10 11,745 | 0,542 -0,134|-0,057110,938 | -0,0024 |-0,0392|-0,0443

“+}-10 |1,9% | 0,595 | -0,137|-0,0585|1,002 | -0,0046 |-0,0409|-0,0455
- |20 |1,558 | 0,488 | -0,124-0,0565(0,855 | -0,0013 |-0,0357(-0,0437
| [-20 |2,09 | 0,606 | -0,128/-0,0602[0,985 | 0,007 |-0,0398 (-0,0465
30 |1,331 | 0,820 | -0,708|-0,0557|0,743 | -0,0008 | -0,0307 |-G,0430
45 0,94 | 0,299 | -0,080(-0,0540]0,540 | -0,0002
o)1, | 0,506 | -0,134}-0,0549|0,860 | -0,0126 | -0,0427|-0,0434
10 |1,52 | 0,493 | -0,131|-0,0548|0,839 | -0,0117 |-0,0414 |-0,0433
w10 1,52 | 0,495 | -0,131|-0,0548(0,840 | —0,0118 [-0,0415 |-0,0433
ol 201,40 | 0,457 | -0,122|-0,0545)0,782 | -0,0095 | -0,0378 |-0,0430
wl-20 |1,82 | 0,459 | -0,122|-0,0585|0,785 | -0,0097 |-0,0379|-0,0430
I~=|30{1,12 | 0,400 | -0,107{-0,0539(0,695 | -0,0063 {-0,0324 {-0,0425
-30 |1,25 | 0,408 | -0,107|-0,0540|0,6% | -0,0066 | -0,0326 |-0,0425
45 |0,903 | 0,291 | -0,0786/-0,0526|0,516 | -0,0015 | -0,0224 |-0,0412
45 |0,920 | 0,295 | -0,0786 |-0,0527|0,520 | -0,0017 | -0,0226 |-0,0413
01,543 | 0,504 |-0,I34 |-0,0548]|0,854 | -0,0130 | -0,0429 |-0,0433
; : 3| 101,506 | 0,801 |-0,131 |-0,0547[0,835 | -0,0122 | -0,0416 |-0,0833
W] 201,398 | 0,455 |-0,122 |-0,0544/{0,779 | -0,0100 | -0,0380 |-0,0430
| § 30 |1,230 | 0,399 |-0,107 |-0,0538/0,6% | -0,0067 | -0,0325 |-0,0425
: as 0,900 | 0,29 |-0,079 |-0,0525|0,514 | -0,0017 | -0,0224 |-0,0812
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Table 2.

o Wx & "Ry
( 3 ﬁ C; C:’=m’ m:' m_: Cy Cf-m, m, . mg

&

=N

0| 4,507 | 1,109 |-0,125 |-0,585 |0,958 | -0,129 |-0,0777|-0,336
103,575 | 0,922 | -0,122 |-0,515 |0,982 | -0,0938 | -0,0671 {0,300
20| 2,96 | 0,783 | 0,113 |-0,883 |0,853 | -0,0757 | -0,0588 0,282
p ;
s

Ao

2,412 | 0,689 |-0,0977|-0,863 |0,733 | —0,0601 | -0,0492|-0,268
1,661 | 0,883 | -0,0689|-0,840 |0,525 | -0,0365 | -0,0327|-0,252

0|3,725 | 0,99 | -0,118 |-0,507 |0,843 | 0,128 |-0,0755]-0,302
10| 3,219 | 0,855 |-0,118 |-0,476 |0,850 | -0,099% | -0,0682)-0,286
10| 8,635 | 1,129 |-0,108 |-0,591 |0,656 | 0,189 |-0,0900 |-0,343
2,770 | 0,749 | -0,110 |-0,460 {0,791 | -0,0820 | -0,0603|-0,275
30 | 2,313 | 0,631 |-0,096I{-0,847 {0,694 | -0,0650 { -0,0504 (-0,266
85| 1,608 | 0,436 |-0,0683(-0,429 |0,508 | -0,03% | -0,0333(-0,252

k=015
2

R TN Y PRI TNy .

0}2,9%2 | 0,823 |-0,II8 |-0,442 | 0,757 | -0,II9 |-0,0750|-0,279
10| 2,810 | 0,781 |-0,I17? |-0,438 |0,?761 | 0,106 |-0,0707|-0,275
-I0| 3,088 | 0,836 |-0,II2 |-0,449 | 0,699 | -0,I30 |-0,0764)-0,282
20( 2,533 | 0,707 | -0,II0 |-0,433 {0,721 | -0,091 |-0,0631}|-0,270
3,135 | 0,825 |-0,0972{-0,462 {0,570 | -0,Ia6 | -0,0770}-0,286
0,607
0

F=0,3
8

30| 2,180 -0,0957|-0,428 | 0,644 | -0,0725 | -0,0527-0,264
45 | 1,552 42?7 | -0,068I|-0,416 | 0,484 | -0,043I { -0,0345(-0,253

0| 2,75 | 0,779 | -0,121
10| 2,658 | 0,752 | -0,120
-10} 2,732 | 0,768 | 0,117
202,435 | 0,689 |-0,III
-20| 2,500 | 0,720 | -0,106
2,120 | 0,5% {-0,095
-30| 2,32 | 0,639 |-0,0898
as| 1,528 | 0,823 |-0,0684
45| 1,777 | 0,478 | -0,0608

0,737 | 0,118 |-0,0757{-0,275
0,733 | -0,110 |-0,0722|-0,273
0,704 | 0,120 |-0,0746|-0,275
0,6% | -0,0954 | -0,0647]-0,270
0,638 | -0,II8 |-0,0693|-0,273
0,623 | -0,0766 | -0,0541]-0,265
0,54 | -0,7102 |-0,0604|-0,268
0,472 | -0,0456 | -0,0353|-0,254
0,879 | -0,0757 | 0,0427 |-0,257

f=0,5
8

sEERGRRE

LLLLLLL5E

zl=
| =

2,600 | 0,7 | -0,128
2,5% | 0,727 | -0,128
2,350 | 0,671 | -0,IIs
2,063 | 0,58 | -0,0986
1,508 | 0,818 | -0,0693

0,728 | -0,118 |-0,0763(-0,275
0,713 | 0,118 |-0,0737|-0,27
0,670 | 0,101 |-0,0665|-0,272
0,601 | -0,0818 | -0,0557]-0,269
0,459 | -0,0489 | -0,0363]-0,260

B e
&§888o
IYYYY
8556

’.—"wasuwu- T L T —
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Table 3.
A-3
et o« o« o, &

F p. Cy“ C;’,- my Tn:’ 771;)8 C, C, .-m:] my mf‘-
0 [5,0a4 |I,21 |-0,088I|-I,789 |0,I34 |-0,3I4 |-0,II9 |-O,
~ | 10 |&,175 | 1,050 |-0,0932}-1,588 |0,319 |-0,249 |-0,IO% |-0,7I5
o| 20 |3,5% |0,9%7 |-0,089I|-1,50 |0,356 [-0,208 |-0,09I7(-0,674
"130}|2,915 |0,756 |-0,0784[-1,45 |0,338 |-0,168 | -0,0765(-0,640
"<l as [1,99 [0,516 |-0,0550]-1,38° |0,268 |-0,107 | -0,0502]|-0,594

ols31 |1,09 |-0,0%1}|-1,57? |0,152 |-0,298 |-0,II8 |-0,738
w| 10|38 |0,91 |-0,0939|-1,485 0,278 (-0,253 |-0,107 {0,703
o |-10 |5,068 | 1,22 |-0,0746[-1,81 |-0,238 |-0,391 |-0,I% |-0,8I2
«]20]3,3 Jo,87? |-0,089%|-I,44 | 0,315 |-0,2I5 | -0,0944|-0,676
k=| 30 |2,82 |o0o,741 |-0,0785|-1,40 |0,30? |-0,I75 |-0,0786|-0,650
45 |1,95 |o0,510 |-0,0550{-I,3% [0,248 [-0,II0 | -0,05I2|-0,607
o)s,6s |0,972 |-0,0983|-1,40 |0,187 |-0,28¢ |-0,1I8 |-0,71I
| 103,86 | 0,926 |-0,0986(-I,384 |0,243 |-0,260 | -0,III |-0,700
o |-10|3,71 |o0,9% |-0,0906|-1,41 |0,0877 |-0,301 |-0,I20 |-0,7I6
w|2|3I13 |o0,839 |-0,0922{-1,3? |0,267 |-0,226 | -0,0986|-0,684
k= |-20 |3,66 |0,946 |-0,0756|-1,45 |-0,0818|-0,318 |-0,I20 |-0,718
BB |00 |ORITE 038 3R | BRI
0[3,43 (0,931 |-0,104 |-1,36 |0,206 |-0,279 | -0,1I8 |-0,7I2
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