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HYDROMFCHANICAL PROPERTIES OF AN ISOLATED WING MOVING ABOVE A SCREEN

Se V. Koval'chuk and I. P. Tkachenko

(Hydrcmechanics Institute of the Academy of Sciences UKCSSR)

Wwhen a wing moves near the interface of twe mediums, its
hydromechanical characteristics change relative to those in an
unbcunded fluid. It is impossible to crecate devices which use the
effect ot a solid or ligquid wall without considering these changes.
Increasing litt, decreasing drag, and displacing the center of
pressure alony the wingy chord are all factors which are considered
when ccnstructing airfoil systems and determine the approach to the

problem of the stability of the device.
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we will start with the general differential integral equation

for a hydrofoil [2]. The boundary ccnditicn

Jo!
o = (.
9y y=0

coritesponds to small Froude numbers ¢(Fr,—0)
!

(1)

We can replace the fluid for a solid wall!, 1.e., return to

condit*ion (1), during movement at high speeds

[Fcotnote: 1See the correct derivation cf the

A. N. Panchenkov®s article in this collection.

atove the interface.

bcundary conditions in

End footnote]

Thus, there is complete correspondence between the movement of a

hydrofoii at Fr,»0

Fry,—o0 The soluticn to eguation

+1

and that of a wing above a fluid surface at

"= a0 x{" P0G

2(y)

for Fr,—0

determines the value of circulation over

wing moving at a high speed above a fluid surface.
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The procedure f£or

the calculated

solving eguation (2)

formulae for finding the

Y 24

circulation

at

ki (1,9142-,—0,1464k,) + &, (0,1464%,—1,9142k,)

points on the span
TS I
a,
i '."’k‘__k_'ﬁ

kR, — Ryk,

8 L

a,

a, (kyky—Ryky)

|
|
|
{
|
{
!
l

o %5 (0,9142k,—0,8536k,) + &, (0,8536%, —0,9142%,) |

a; (kR —kyk,)

|

vorked out in [ 1] ygives

several nodal

v (3)

r,_li,_k,,—ksk,
kik, — kyky
vhere
1,9831-  1,0921
kl= s a o a ]
1 3
0,2144 1,4421 2% 2
ky= — - : i =) 4
a, a, a, Slnt,
0,1517 1,0196 | 2%, 2
Ry=2 ~ o : g=
a, a, a, sint,
A
o, o 00164 11,3465 : a,=2—’+ 2
a, a, a, sinrt,
1 3
ky=f + 1,036/ +1,1945f ; a‘_§‘+ 2
a, a? a, sint,
0,112f 1,5774f°
- ’ . .
kl f + a| + as ’
Here f[(y) describes the change in the angle of zero-lift under the

free surface:

0u(7) 4

A o A —
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(At  f(¥) the subscript desiguates the order of approximation and ths

Superscript - the Cross section number.) These formulae consider the
lanfcrm of the wing and the state of motion.
I '
Fr,—0 : h go -
At Fr,—0 gg,=—1. Function 57—, which considers the

eftect of tune interface on the angular coefficient of dependence
Cop=f@)-—~ and is part of the formula for tinding C,- and C, , has a

large value.

It we know the circulation distribution, we can find the

function with the formula

—}z — 28re0u X
& E( b )(1-{»—1,) A.+A112+A,‘!‘+A,1'+m o ;; y (5)

where

3
Ap=T4+2 Y Ty sind,

n=\

Ty 15 the Glauert correction.

This formpula was nsed to calculate corrections § for several

series of wings with different geometric parameters.
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ectangular wing (Fig. 1). A series of wings with the following

ios was selected for the calculation

In this case, R,-)\‘=L,

lTapered wing (Fig. 2). Given a constant aspect ratio of Ag =
e 45, we will change the planform of the wing by changing the angle

i more precisely, by the value

et Rl
o < .
. 9=0,9; 0,75; 0,5; 0,25; —0,25, —0,5.

In this case,

b it il gl (6)

1— qcosb,’ 2—gq




Pig. 1.

Fig.

02

correction §(l+1)

No= 5,45,

04 H

tor a rectangular wing:

o
— = 0.
T

2. Correction f(l+1)

for a tapered wvwing:

&-5.45; ’: -
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| Double-tapered wing (Fig. 3). Its form can be changed by the
S12 t rectangular portion of the wing, as well as by the angle
of taper. As 1n the previous case, Ag = 5.45; g = 0. 75 0.5z

For a double-tapered wing

e ".‘)\_ 2

: % i s i e
{ 1 — (cos8,—X) - 1——% 2+q‘(X—1)

where x--j. and we will assign different 1y,

fcrmula (7)

=
i

A=kg; A Ay At

=
1

N=hy=hyi by, Ay

l‘-xl.-xt.-)‘o'v LS

=
]

als 0= w|—
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KEY:
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1.

0,00

0.33
0,364
0,997
0.427
0,456
0,482
0,464
0517
0,314
0,2i2
0,093
0,028
0,458
0.557
0,308
0,217
0,135
0,105
0,473
0,545
0.319
0.244
0,184
0,169
0,450
504
0,316
0.3
0,263
0,248

0,05

0,515
0,556
0,592
0,625
0,654
0,68

U,(f,ﬁ
0,709
0514
0,422
0,329
0,301
0671
0.743
0,508
0,425
0.361
0,353
0.666
0.737
0,518
0,460
0,403
04 -
0,644
0.696
0,543
0,5

0,466
0,454

0,10

0,651
0,613
0./29
0,761
0,79
0,516
0,791
0,813
0,654
0,569
0,194
0,191
0,806
0.877
0,619
0,572
0,521
0,528
0,801
0,870
0,658
0,595
0557
0.504
0,78
0,831

0,682

0,64
0,609
0,599

(1) Wing No.

PAGE

0,15

0,75
0,791
0,526
0,858
0,856
0911
0,887
0,037
0,754
0,675
0612
0623
0,902
0971
0,749
0,677
0,635
0,651
0,596
0,965
0,758
0,699
0,667
0.681
0,876
0,927
0,780
0,74
0,710
0,702

ﬂ

0.20

0,822
0,563
0,597
0,978
04955
0,48
0,957
1,00
0,827
0,751
0,69
0,787
0,970
1.04
0.521
0.753
0,717
0,74
0,566
1,03
0,831
0,774
0,747
0,765
0,946
0,997
0,851
0,812
0,784
0,777

7

‘ 0,25

0,876
0,916
0,919
0,98
1,01
0,03
1.01
1,06
0,581
0,808
0,757
0,785
1,02
1,09
0,875
0.809
0,777
0,504
1.02
1.08
0,854
0,83
0,806
0,827
0,998
1,05
0.904
0,566
0,839
0,832

0,30

0917
0,956
0,989
1,02
1,04
1,07
1.05
1,10
0,922
0,850
0,803
0,835
1,06
1,13
0,916
0,851
0,522
0,852
1,06
1,12
0,925
0,872
0,85
0,573
1,04
1,09
0.914
0,906
0,68
0,574

0,35

0,949
0,987
1,02
1,05
1,07
1,10
1,08
1,12
0,953
(1,883
0,538
0873
1,09
1,16
0,918
0,884
0,857
0,858
1,09
1,15
0,956
0,904
0,883
0,907
1,07
102
0,975
0,937
0,911
0,906

0,10

0,973
1,01
1,04
1,07
1,10
1,12
1,10
1,15
0,977
0,908
0,565
0,901
1,11
1,18
0,972
0,909
0,888
0,916
111
L7
0,981
0,998
0,909
0,934
1,09
1,14
(1,999
0,961
0,936
0,930

0,45

0,992
1,03
1,06
1,02
1,12
1,14
1,12
1.17
0,997
0,928
0,556
0,928
1.13
1,20
0,991
0,929
0,904
0,937
1.19
1.19
1.00
0.948
0,93
0,455
1,11
1,16
1,02
0,981
0,955
0,950

050 | 055 | 060
1ot | 1,02 1,03
.04 | 1.06 1.07
108 | 1.09 | 1.10
Lo | 114 1,19
s BT N T
L6 | 117 118
.43 L 115 | 108
118 | 1,19 1.20
1,00 | 1.02 1,03
0944 | 0966 | 0,967
0902 | 0916 | 0927
0,941 | 0955 | 0969
115 | 1,16 117
121 | 123 1,24
1.00 | 102 | 103
0,915 | 0957 | 0,968
0,920 | 0933 | 0944
0954 | 0,968 | 0979
Lia | 1,16 | 107
2 |12 ]| 1.8
o1 | 1,03 1.04
0.964 | 0977 | 0987
0,915 | 0,959 | 097
0972 | 0955 | 0996
L13 | 114 115
18 [ 119 | 1,20
1,03 | 105 1,06
0596 | 1,01 1.02
0971 | 0983 | 0994
0,066 | 0978 | 0989
|
4
g - s




Table 2.
0 T Mhwaseig 1
(1) & ' SIS | ;
Hanwmeno- (s ) i 2 ' .’:
Baite ®dopma Kpuina B niave 1 4] <l o
Kphina R~ 1 I b
:? o > .}
! 2,725 1
(3) 40545 2
Npsivo- I 540 0 ' 3
yroanioe ry 6,8!25 4
! 8,175 5
9,5705 6
; —~0,25 | 7
) | —0.5 8
Tpaneuon- - 0,25 9
Aaasnoe el i | 545 05 0 10
! | 0,75 11
0,9 12
--0,25 13
—0,5 1 14
0,25 = 15
0,5 3 16
0,75 17
: 0,9 18
e KY) —0,25 1 19
Asoakorpa- —0,5 P 20
neuomn- 5,45 0,25 21
Aaanhoe
0.5 | 22
t - 095 23
0,9 4 24
—0,25 3 25
0.5 2 26
\ 0.25 27
’ -5 28
| {075 | 29
l v 0.9 | “30

KEY: (1) Type of wing. (2) Fectangular. (3) Taper=d. (4)

Double-tapered. (5) Planfcrm of wing. (6) Wing No.
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Tables 1 and 2 show the results of the calculations for the

selected series. Tl above calculations make it possible to come to
certain conclusions about the selection of the planform of a wing

wCcrking near a screen.

The curves in Figures 1-3 should te corrected at small depths,

The small parameter metnod does not give us the correct solution at

P—DO,

It 15 necessary *o find further approximations which require
very cumbersome calculaticns in order to obtaln more accurate

results. In the limiting case, -Hw=0, functions &i=0, and

FTD=-ID(RS)I-0041=77
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Fig. 3. Correction §(1+v) for a doutle-tapered wing:
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o= 5,45; — - 0,
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induced drag disappears. Even a superficial analysis of the curves
shows that the chany:s »f the wing planform has
| on 1t hydromechanical preperties when moving near
the fres urface, nor the unbounded fluid are as
change 1in the wing planform as the screen. For example,
value ot function & can vary from 1.5-2 times
angle. This value changes very markedly for wings
drag in an unbounded fluid, depending cn the distance
screen, Therefore, the selection of the planfors of a wing
screen requires very careful study. The value cf §, and its first
% derivative, which expresses the slcope of the curve,

designing airfoil systems moving near a screen

their stability.
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