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GREEK ALPHABET

Alpha A ~ Nu N v
Be ta B 8 XI E
Gamma F y Omicron 0 o

Delta 6 Pi IT iT

Epsilon E c Rho P p •
Ze ta Z ç Sigma E a S

Eta H n Tau T T

Theta 0 0 ~ Upsilon T u
Io ta I t Phi ~ ~
Kappa K )t K Chi X x
Lambda A A Psi
Mu M ji Omega w
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cos cos
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’
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I

INVESTIGATION OF AERODYNAMIC CHAR ACTERISTICS OF V—WI N GS NUN

SOLID SURF ACE

(Reported at Scientific—Technical Confere nce of LU (Leningrad

Sh ip—Building Institute) in Nay of 1967)

N. B. P lisov and P. F. Latypo v

Determi ned in this study are the position and rotary derivatives

of a V—wing moving above a solid screen. This problem is interesti ng

for a number of problems in the dynamics of vehic les which use the

screen effect during motion. Studied is a thi n V—wing of rectangular 

_ _ _ _ _ _ _ _ _  

-
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plan shape above a solid wall. The 0HZ coordinat e system boun d to

the wing is shown in the figure. The planes of the wing a re

designated as I and II. The direction in which the V—angl e is

reckoned (shown in the figure) is considered positive. We assume that

impose d on the translationa l motion of the wing along the wall with

velocity 
~~0 

are harmon ic oscillations of low relative freq ue nc y in

the pitch and roll planes. The induced velocities are conside red low ,

while the vorticit y beyond the win g lies in planes corresponding to

the planes of the wing. These assu.pt ions are realized at small

angles of attack , relativel y great dist ances betw een the w ing and

surface , an d when the amplitudes of the harmo n ic oscillations are

small. The condition of equality to zero of the nor mal velocity

component of liquid particles should be satisfied on th e solid

screen.

The solution to the problem is obt aine d by the method of S. N.

Belotserk ovskiy [1 , 2, 3]. According to this method th e wi ng surface

is replaced by nonstat ionary discrete vor tices, and the

integ r o—di ffere ntial equations describi ng the problem are reduced to

systems of linear alge braic equations r elat iv, to vortex

circulations. To satisfy the boundary equation on the scr sen we must

introd uce a hypothetical wing, which consists of the mirror image of

the boundary of the main wing and has a vorte x circu lation of the

opposit. sign. The planes of the mirror—image wing are des igna ted as



- --- ----- — 5- -. ,——! -- - - -.-- - - - - . —

£ — --a _._ -- -. ... .... .... -.. .~~~~. — —. — — S.- ~~~~~ — .

DOC = 1237 PAGE 3

III and IV (see figure) . According to [1], dimeusiona less vor tex

circulations ~ ~— ‘
~/~~

“, whete 
~~~ 

is the span of the horseshoe—sh a ped

vortex) can be represented in the for. of:

I ‘au :.
(1) F ÷ r ÷ + r L a)Z ÷,14)X +r~ ~~~~~~~~

.

Ncr. if.~$; I;~
W
ii ~~~ •.. etc.;

Q~.6 1
~ I — limensionaless angular velocities;

etc.

The coe fficie nts of aerodynam ic forces and moments are

determined (1)

c,—c;~+c;~.c,”~,+c~~ , 1
(2) m,—tn c*’+tn~a ’+m?wa+~n~~&, j ’

J

.~~~t• c,_~~L.~; ~~~~~~~~~~ 
flX ’ TL

’
~ V

c; Cr; 4’; ~~ etc. in (2) represent the coefficient of the

position and rotar y derivatives. These ar. expressed as

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S - - S _______
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dimensiona less circula tions of attached vortices . The latter are

determined from the boundary condition of non—flo w over the surface

of the wing, which , on the strength of the symme try of the

longitud in al ax es can be satisf ied at d iscrete points only on surface

I. In the linearized form this conditio n for the V—wing takes the

form of:

(3)

wh ere W ,~ is the in duced vel ocity norma l to plane I.

By introducing the new coordinate system o~ ç (see figure), this

condition can be wr i t t en  in the following form:

(3’)

~h. solution to the analogous problem for determining

characterist ics ii the longitudinal plane ( C*~ .O) for certain

complex li ft ing systems in an unlimited fieLd h been investigated

in (II ]. The expression s below di f fer  somewhat from those obtained in

(;J for the studied case. Moreover, in the presen t study the rotary

derivatives in the roll plane are also determined .

- - . .--- . 5 ., - . . .- - . -~~~~- 5 --- . -.- . -  —~~~ - -- —_ _

- —~~~~~~~ -~~~~~~ - 5— — - —  5— —~~~~~- —
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If we assume t hat the kinematic parameters change acc ording to a

law in the form of d . c~ Siit pt , aad we introduce the dimens ionless
5 

~~5. S

velocities induced by the i—tb vortex at the j —th point

C ~~ 
Wy), then at low relative frequencies C 911 4l~~

ut 0) ,~ can

obtain from (3) the following syst em of equations:

~ f r;”~[u~1- ~~ (k~~
- ,~~co3 t & ~~—W~~)Jt ~~ ~j_ç’ ~~~

where - 2zco~p ;
f’. ~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2flJ -

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

wher is the aspect ratio of the wing; N — the numbe r of
vortIces for the half—span. Load is antisymmetical relative to

the longitudinal a xes, and thus the system for it takes the  form of:

~

- 
~~r~~~~~~~~~~

__. -~~~ ~~~~~~~~ 5~~ S ~~~~~~~~~ .S55_.~~~~ __ 5- - -~~~~~~~ . 5 ,

- S ~~~~~~~~~~~~~ -.-~~~~~~~~~ 5 - ~~~~~~~~~~~
!
---- -
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The system for  is written analogously.

In (14), (5) , and (6) j  = 1. 2 , 3 ... a , wher e a is the  number of

vortices on half of the wing:

and ~~~ (14 ~~~~ represent, respectively, th e nor ma l

component of plan. ~ and the parallel component of plane N

(transverse) of the  velocit y induced by the i—tb vortex be long ing to

plane N at the j—th  paint on surface I; 3
~ ’IU and

derivatives of the indicated velocities for dimensionless freq ency q

wh en q = 0.

Formulas for ; 
~~~~ 

and ~J
!!411 were obtained in (2 j .

They are written in a coordinate m yste. bound to the vortex , and t hus

we must know the expressions for the coordinates of the j—th  point on

I which re fer to the ha l f—s c a n of the vortex in all the systems

related to the i—t h vortex on different  planes. These expressions are

ptovided by formulas:

z,t s,a 4iii. 
-

~4I ~~~~~~~~~~~~~~

I ,

(7)
ç~--’A1cos 2ft -A1
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tj ~~—8/ (~~cosj ÷A1sin2f t

~ f18N/iSifl ~ø 1~,, COS2ft+fi ~

171—8. v/z cos/

Sr -8K~ sinfi-A1 
-

~~~~~ 
-

where

A1 2JV—(2 Kj —I) .

Af ter solvin g the systems for circulations, the coefficients of

rotary derivatives are found through formulas

~~~~~~~~~~ .kcosf l  ~C,

(8)

m~~”~~-— “

~

‘

~~~~~

For a negative dihedral wing — ~ should be substituted

everywhere for ~~.

Series of wings with aspect ratios ).. = 1—4 were calcu lated from

the above formulas on high—speed digital computer ~—2O .

~~~~~ L - _ -- . ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ .
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The V—angles were varied from zero to~tissi; the relative

distance of the wings from the screen was • 0,2, ~~~~~. A system with 140

vortices (iii IS O) was selected as the calculation system: 8 — over

the half—span (N 8) and 5 — over chord (n 5). The work of the

machine was monitored by a m anua l ly  checked control varia t ion an d by

the values of the rotary derivatives when ~ = 0, the data on which

can be found in (31. Results of the calculations are presented in

Tables 1—14*.

~, w ~~~ ~~Z
[FOOTNOTE: Characteristics C1; C1 ; in1; fl?1 “z for wing of X = 3

given in [5]. END FOOTNOTE.]

CONCLUSIONS

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

we 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 ~ values.

2. In comparing positive an d negative dihedral wings for the

same minimal distanc. from the screen (whe n fl~~ O ‘t~,— A ;  when

,~ o ~~~~~~~~~~~ 
wings with the negative dihedral (ankedral) have

characteristics and derivative s with respect to ~~~~~, whic h are

-

~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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greater in absolute value than wings with the positive dihed ral for

the same value of ~. The maximal characteristics and It derivat ives

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

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

above the screen changes is less significant than when ~ = 0.
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Table 1.

~ 
. .

~~ ~7’ ) c1 ~ —sn~ m1 m~ C1 C~ —m, m~ m~
0 3,065 0,867 -0,191 -0,0775 1,51? —0,0I?6 -0,0471 -0,058!
20 2,307 0,683 -0,265 -0,0682 2,22? -0,0220 -0,0425 -0,0522

~ 20 1,861 0,565 -0,242 -0,0640 1,102 -0,0086 -0,0364 -0,0479
30 2,498 0 462 -0,119 -0,0623 ) ,842 -0,0066 -0,0308 -0,045?

— 
45 2,006 0,315 —0,0! -0,0580 ) ,580 -0,0052 -0,0223 -0,0430

0 2,465 0,724 -0,162 -.0,0668 1,238 —0,0063 —0,043! -0,0507
~ 10 2,05? 0,617 -0,149 -0,061? 1,091 . -0,0054 -0,01400 -0,04??
0 .10 3,329 0,903 -0,175 -0,0779 1,456 -0,0022 -0,0492 -0,0588
“ 20 2,736 0,53! -0,233 -0,0605 0,949 -0,0046 -0,0357 -0,0459

I’~~ 30 1,432 0,444 -0,114 -0,058? 0,800 -0 ,0042 —0,0300 -0,01444

— 
45 0,983 0,308 -0,082 -0,0562 0,564 —0,0039 -0,0223 -0,0422

0 1,886 0,577 -0,238 -0,05?? 0,988 -0,0034 -0,0410 -0,0449
20 1,745 0,542 -0,234 -.0,0571 0,938 -0,0024 —0,0392 -0,0443
-20 1,990 0,595 -0,237 -0,0585 1,002 -0,0046 -0,0409 -.0,0455

u~ 
20 1,558 0,488 -0,224 -.0,0565 0,855 -0,0013 -0,035? -0,043?

-20 2,096 0,606 -0,228 -0,0602 0,985 -0,00Pis -0,0398 -0,0465
30 1,331 0,1420 -0,208 -.0,0557 0,743 —0,0008 -0,030? —0 ,0430

• 45 0,944 0,299 -0,080 -0,0540 0 ,540 —0,0002

0 1,56 0,506 -0,234 -0,0549 0,860 -0,0226 -0,0427 -0,0434
20 2,52 0,493 -0,131 -0,0548 0,859 -0,0117 -0,0414 -0,0433
—20 2,52 0,495 -0,232 -0,0548 0,840 -0,0118 —0,0415 —0,0433

d 20 2,40 0,457 -0,222 -.0,0545 0,782 —0,0095 -0,0378 -0,0430
U 20 2,42 0,459 0,122 .0,0545 0 ,785 -0,0097 -0,0379 —0,0430

I’~ 30 1,12 0,400 -0,10? -0,0539 0,693 -0,0065 -0,0524 -0,0425
-30 1,25 0,404 -0,207 .0,0540 0,6% -0,0066 -.0,0326 -0,0425

- 45 0,903 0,291 -0,0786 .0,0526 0,516 -0,0025 -0,0224 -0,0422
—45 0,920 0,295 -0,0786 -0,052? 0,520 -0,0017 —0 ,0226 —0 ,0413

0 2,543 0,504 -0,234 -0,0548 0,854 -.0,0130 -0,0429 -0,0433
20 2,506 0,492 -0,131 -0,054? 0,835 -0,0222 .0,0426 -0,0433

,~ 20 2,398 0,455 -0,222 -0,0544 0,779 -0,0100 -0,0380 -0,0430
I 

- 
kc 50 2,230 0,399 -.0,107 -0,0538 0,690 -0,0067 -0 ,0325 -0,0425

45 0,900 0,2% -0,079 -.0,0525 0,524 -0,0027 -0,0224 0,0422

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 2.
A . z

f t  C~ C~ =m 7,7~~X m? cfr ~~~~~ m,~
1 

_ _ _ _

0 4,50? 1,209 -0,225 -0,585 0,958 -0,229 -0,0777 -0,336
— c~ 20 3,575 

0,922 -.0,222 -0,525 0,942 -0,0938 -0,0672 -0,300

~ 20 2,956 0,783 -0,113 -0,483 0,853 -.0,0757 -0,0588 -0,282
k~ 30 2,422 0,649 .0,0977 -0,463 0,733 -0,0601 -0,0492 -0,268

45 1,641 0,443 -0,0689 -0,440 0,525 -0,0365 -0,0327 .0,252

0 3,725 0,959 -0,118 -0,50? 0,843 -0,124 -.0,0755 -.0,302
20 3,219 0,855 -0,118 -0,476 0,850 -0,0996 -0,068~ —0 286

~~ —20 4,633 2,229 -0,208 -.0,59! 0,656 —0,289 —0,0900 -.0,343
n 20 2,770 0,949 —0,110 -0,460 0,79! -0,0820 -0,0603 -0,275

It-C 30 2,323 0,63! -0,096! -0,447 0,694 -0,0650 -0,0504 —0,266
• 45 1,604 0,436 —0,0683 —0 ,429 0,508 -0,0390 —0,0333 —0,252

0 2,992 0,823 -0,118 -0,442 0,757 —0,119 -0,0750 -0,279
ID 2,820 0,782 -0,11? -0,438 0,761 —0,206 —0,0707 -0,275

“~ —10 3,088 0,836 -0,212 -0,449 0,699 -0,230 -0,0764 -0,282
20 2,533 0,70? -0,210 —0,433 0,721 —0,09! -0 ,0632 -0,270

k: -20 5,255 0,825 -0,0972 -0,462 0,570 .0,146 —0,0770 -0,286
30 2,280 0,60? -0,0957 -0,428 0,644 —0,0725 -0,052? -0,264
45 2,552 0,42? -0,068! —0,416 0,484 -0,0431 -0,0345 -0,253

0 2,756 0,779 -0,121 -0,428 0,737 -0,228 -0,0757 -0,275
20 2,654 0,752 -0,220 -0,42? 0,733 -0,110 -0,0722 —0,273

—20 2,732 0,768 -0,11? -0,42? 0,704 0,220 -0,0746 -0,275
20 2,435 0,689 -0,111 -0,425 0,694 -0,0954 -0,0647 -0,270

~ 
-20 2,580 0,720 -0,106 -0,426 0,638 -0 114 -0,0693 -0,273

• j ,~~ 30 2,220 0,5% -0,0965 -0,42! 0,623 -0,0766 -0,054! -0,265
-30 2,324 0,639 -0,0898 —0,423 0,546 -0,102 -.0,0604 -0,268
45 2,528 0,423 -0,0684 -0,420 0,472 —0,0456 -0,0353 -0,254
-45 2,777 0~474 -0,0608 -0,428 0,879 -0,075? 0,0427 -0,25?

o 2,600 0,746 -0,228 -0,424 0,728 -0,118 -0,0763 -0,275

• 20 2,555 0,72? -0,224 -0,423 0,723 -0,114 -0,073? -.0,274
20 2,350 0,67! .0,114 -0,422 0,670 .0,101 -0,0665 -0,272
30 2,063 0,584 -0,0986 -0,427 0,60! -0,0818 -0,0557 -0,26~
45 2,504 0,421 -0,0895 -0,~~8 0,45, -0,04$~ .0,0963 -0,260

— ~~~~~~~~ ~~~~~~: - - 
-- - 

—____________
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Table 3.
A - s

W ~-‘2~~~ ~ N &~X è
F fi C~, C19 - m2 7n1 mx C19 C19 —m 7 tfl ~,

5,044 2,22 —0,0881 -2 ,789 0,234 —0,324 -0,119 -0,788
.-~ 10 4,275 2,050 -0,0932 —1,588 0,329 -0,249 -.0,204 -0,715
o 20 3,530 0,907 

• 

—0,089! -2,50 0,356 -0,208 -0,091? —0,674
“ 30 2,915 0,756 -.0,0784 —1,45 0,338 -0,168 —0,0765 -0~640

45 2,99 0,516 -0,0550 —1,38 0,264 -0,10? —0,0502 -0,594

0 4,32 2,09 -.0,0902 —1,5? 0,252 -0,298 —0,118 —0,738
,~~ 

20 3,83 0,991 -.0,0939 —2,485 0,278 -0,253 -0,207 -.0,703
-.20 5,068 2,22 -0,0746 —1,81 -0,238 -0,392 -0,236 -0,812
20 3,35 0,81? —0,08% —2,44 0,325 -0,225 -.0,0944 —0,676

~~ 30 2,82 0,742 -.0,0785 -2,40 0,307 -0,275 —0,0786 —0,650
45 2,95 0,520 -0,0550 —2,36 0,248 -0,110 -0,0512 -0,60?

0 364 0,912 -0,0983 —2,40 0,187 -0,284 -0,118 -0,711
20 3,46 0,926 —0,0986 —2,384 0,243 -0,260 —0,111 —0,700

—20 3,?! 0,976 -0,0906 —1,41 0,0877 -0,302 -0 120 -0,716
ii 20 3,23 0,839 —0,0922 —2,37 0,267 -0,226 -.0,0986 -0,684

~~ —20 3,66 0,946 —0,0756 -2,45 —0,0818 -0,328 -0,120 -0,728
30 2~,69 0,720 .0,0802 -1,36 0,265 -0,284 0,0 19 0,664

— 
45 ~~~ 0 502 -0,0556 -2.32 0,225 -0.116 -0.0529 -0,2?

0 3,43 0,931 —0,204 —2,36 0,206 —0,279 -0,228 -0,722
20 3,32 0,899 -0,203 —2 ,356 0,236 -0,262 —0,113 -0,705

—10 3,39 0,925 —0,099 —2,36 0,269 -0,280 -.0,12? -0,712
v~ 20 3,043 0,822 —0,0946 I,351 0,248 0,23~ -0,200 0,692
o• -20 3,28 0,852 -0,0887 —2,353 0,124 -0~264 -0,209 -0,704

30 2,64 0,710 —0,0826 -2,340 0,246 -0,290 -0,0835 -0,675
—30 2,83 0,750 -0,0736 —2 ,350 0,076 -0,235 -0,09147 —0,688
45 2,89 0,498 —0,0562 —1,31 0,224 -0,119 -0,0538 -0,642

-45 2,1! 0,545 -0,0473 —1,33 0,0229 —0,1?! -0,0665 ~0,644

0 3,29 0,898 -0,211 —1,35 0,236 -0,272 -0,117 -0,727
20 3,2! 0,874 -0,206 —2,345 0,236 -0,262 -0,113 -.0,715
20 ~,% 0,805 .0,098 —2,34 0,235 -0,235 -0,202 -.0,708
30 2,59 0,698 -0,0840 —I,~3 0,228 -0,295 —0,085! -0,69?
45 2,87 0,494 -0,0572 —1,31 0,200 .0,223 .0,0548 0,~72
—

~

- • 
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Table 4.

- WI ~~ 
-i
~~ e

Il ft C19 C19”in~ 7n~ m.~ C19 C19 -m2 in~ m2

0 5,273 2,27? -0,0673 —3,809 -0,562 -0,475 90,258 —2 ,256
20 4,505 2,129 -0,0749 -3,425 -0,290 -.0,400 —0,142 —2,260

, 20 3,874 0,987 —0,0733 —3,266 —0,270 —0,342 -0,225 —1,091
l~~ 30 3,226 0,82? -0,0650 —3~I72 -0,0992 -0,282 —0,104 —2,027

45 2,208 C,563 —0,0452 —3,055 —0,0308 —0,282 —0,0684 -0,939

0 4,644 1,170 —0,0724 —3 ,396 -0,502 -0,462 —0,259 —2,227,,
~ IC 4,20? 2,079 -0,0715 —3,237 -.0,316 —0,408 -0,146 —1,17?

~ - 2.0 5,250 2,274 —0 ,0562 -3,878 -0,948 -0,560 —0,277 —2,306

~ 20 3,715 0,96! -.0,074? —3,254 -0,20? —0,352 —0,229 —1,125
~~ 30 3,141 0,813 —0,0657 —3,095 -0,230 -0,290 -.0,2.07 —1,070

45 2,178 0,558 -0,0454 — 3,004 -0,0471 —0,286 -0,0697 —0,978

0 4,082 1,070 -0,0832 —3,073 -0,440 -0,452 -.0,161 —2,242
20 3,889 2,025 -0,0839 —3,052 -0,344 -0,428 —0,25! —2,228

~ .10 4,106 1,068 -0,0756 —3,106 —0,552 —0,470 -0,263 —2,248
° 20 3,531 0,928 -0,0784 —3,029 -0,25? -0,367 -0,234 —1,182

-20 3,992 2,023 —0,0625 —3,280 —0,722 —0,480 -0,2605 —1,232
30 3,037 0,795 -0,0679 —3,003 -.0,276 -0,302 -0,112 —1,134
45 2,138 0,552 -.0,0462 -2,940 —0,0725 -0,293 -0,0727 —2,050

0 3,900 2,033 —0,0894 —3,00 -0,405 -0,445 -0,161 —2,264
IC) 3,770 0,999 -0,0880 —3 ,00 -0,349 -0,421 -.0,253 —1,247
-10 3,835 1,014 -0,0848 —3,00 -0,440 -0,444 -0,259 —1,265
20 3,456 0,923 -0,0811 -2,98 -0,276 -0,373 -0,237 -2,225

d -20 3,580 0,941 -0,0751 —2,99 -0,448 -0,42? -0,247 —2,246
N 30 2,992 0,786 -0,0694 -2,9? • -~0,I9? -0,308 -0,213 —2,273

k -30 3,259 0,823 -.0,0625 -2,98 -0,429 -0,568 -0,228 —2,205
45 2,121 0,54? —0,0468 —2,923 -0,085? -0,2% -0,0727 —2 ,0%

• -45 2,325 0,590 —0,0382 —2,952 -0,352 .0,263 —0,0890 —2 ,092

0 3,766 2,003 -0,0962 -2,98 —0,355 -0,434 -0,258 —2,284
20 3,668 0,975 —0,0932 -2,98 -0,33? -0,429 -0,253 —2,279

N 20 3,385 0,897 -0,064? —2,97 -0,286 -0,37? -0,238 —1,265
30 2,946 0,775 -0,0728 —2,95 —0,225 -0,323 -0,225 -2,241
45 2,201 0,543 -0,0476 ‘0,0289 -0,200 -0,210 4,0731 -2,281
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