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STUDIES

SUPERSCNIC NCVEMENT ARCUND A CROSS-SHAPED TAIL HAVING
THE HORIZONTAL PLANE WITH SUPERSONIC LEADING EDGES,
CONSIDERING THE FALLING OFF OF FLOW AT THE SUBSONIC
LEADING EDGES OF THE PLATES.

by STEFAN STAICU

Bucharest Polytechnic Institute

In this work the supersonic flow around a thin cross-
shaped tail is studied, with the incident® of the vertical
plane antisimetrical, the horizontal plane having super-
sonic leading edges, taking into consideration the
separation of the flow at the leading edges of the plates.
As with the thin delta wing, with equal and oprposed
incident@ on both its halves, in the case of the cross-
shaped tall with three arms the flow separates at the edge
of the plates in the form of horn shaped conese.

Treating the problem indirectly, as with the simple delta
wing, here too we have succeeded in creating a theoretical
study model, through which the distribution of pressure
and the aerodynamic characteristics of the cross-shaped

tail are arrived at.
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1. INTRODUCTORY CONSIDERATIONS

In the following we will study the flow in a supersonic
system around a thin cross-shaped taill, having the incidente@
of the vertical plane antisymmetrical,the horizontal plane
having supersonic leading edges, taking into consideration
the separation of flow at the leading edges of the plates. We
will mark the inciden¢eof the horizontal wing with o, the
incidente of the higher' part of the plate with g, and the incidemee

for the lower with -g.

We will consider the cross-shaped tail referred to a
triangular axls system Ox1x2x3 (fige 1) with the origin in its
veak, having the axis Oxy, oriented behind the direction of

the undisturbed flow Use

As in the case of the delta wing (3,, the flow is
separated at the subsonic leading edges of the plates, giving
birth to a system of vortexes which are located on the left
and right of the plates, in the function of the signs of
incidente& 5 &nd 8, producing an antisymmetrichyhovement. Thus,
the flow is modified by the exlstence of two horn shaped
vortexes of the same intensity and sign, situated antlisimetrically

to the face of the axis of symmetpy. (fig, 1).
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We will mark with (-rf), t'o), in the physical plane yOz,.
the coordinates of the nucleus of the vortex under which the
horn 1s concentrated at the edge of the plate and we will

teke the effect of that vortex even on the surface of the tail.

X

Fig. 1

That will manifest itself through the modification of the }

o .

field by vertical and horizontzl speeds on the plate or wing
and through the avoidance of infinite speeds at the edge of 5

the vertical plane predicted by classical liniar theory.

Making these considerations, the flow remains conical
\égzgg;Jaway and can be treated using this method known from
the theory of wings in supersonic system (2) in the hypothesis
of negligent separation of flow at the edge of the plates.

For this we will consider that the cross-shaped tall 1is

™
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equivalent, from an aerodynamic point of view, with an
imaginary thin one, with a sultable variation of incidence.
To make the task easler, split the wing into three imaginary

wing componentss:

a) the thin cross-shaved wing, having the incidenC® on the
plate antisymmetrical and thus variable, such that it follows
somewnat the Wy\%?anges of pressure and disturbance
speeds on the plate near the leading edge. A thin imaginary
cross-shaped tall with finite speed at the subsonic edge cf
the plate, and equal and of opposed signs on two sides, which

does not agree with experimental indications,is obtained;

b) the "symmetrical thickness" of the cross-shaped wing,
having the slopes of the plate equal and of the same sign J
with the incidente of the first wing components. This wing A
combined with a) will create another cross-shaped wing, which

will have different pressures on the two halves of the plate,

-

approachirg somewhat the real situation;

c) the third wing will have "symmetrical thickness" with
variable slope, however in such a manner that, combined with
wing b), to obtain a nought mean slope, corresponds to a thin
tail. This wing will have the role of compensating for the

total aerodynamic effect from b) regarding the field of normel

disturbance speeds.
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Through the supermmposition of the three wings, we succeed
in totaling up their aerodynamic effects, obtaining in that way
& cross-shaped wing equivalent with the real one, in which the
phenomenon of the falling off of the flow at the edges is

considered.

2. DETERMINATICN OF THE AXIS OF DISTURBANCE VELOCITIES
In the following we will determine the axis of disturbance
velocities for the three imaginary wing components. For this

we will first indicate the flow and plane variables used.

Starting from the physical plane yOz (fig.l) by coordinates

@y @y
! et 2 = "
s 5 (1)
and making the transformation b
M | V1 — By 2 RAa
ook gy~ 5:“““ﬁ:3w’w’ (B=VMe—1), (2

the auxiliary plane is obtained {

® =+ i3 (3)
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Starting from these relations, we can deduce the height
of the plate and ordinate of the position of the nucleus of

the vortex created by the leadirg edge of the plate in plane x:

o h.
V1 — B2h?’

to

e ool l
Vi — B o

al
0

h

We will pass from plane x into the complex plane X
(fige 2) through the intermediate conforming transformations
X2 = a2 4 )2 (5)

in which we will write the expressions of the axis of disturbance

velocities.

2.1« Antisymmetrical thin cross-shaped tail with
variable incidence on the surface of the plate. We will consider
that, due to the existance of the vortexes, the vertical velocity
on the wing with the supersonic'édge is not modified, and the
lateral one on the plate v/will have the variation
(20, — WO h 0
[e =0, ye(—h —t) U(h, )1 “’i.

Ty = —pOUQ
v =v'(2) = — p'(2) Ua

in such a manner that at the edge of plate we obtain the welocity

Oy = = ﬂlvn’ (1)

Due to the variation of lateral velocities on the plate,
we will consider a distribution of elementary edges which will
induce in tre fixed point x from the complex plane x, obtained

through the intermediate conforming transformations

6.
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the following expression of the axis of disturbance velocitys: r
AU, = g I * TR — gyt Ay o 1
Lt t Rl
in which
i Bh+1 . |f[BH-T) 10
X = ?’-V‘l'—‘m‘ B Sak V 14 BT »
in order to obtain simpler results we will adopt a
slmpler distribution of sources in the work plane X
q(T) = -+ q, (=T PL T (1
Starting form this relation of divisions of intensities
of sources, we will be able to deduce the axls velocity of the
first wing components if we consider the contributions of the
subsonic leading edges of the plate and of the supersonic )
horizontal plane: %

VX +pa "'9”)4 i K, cos™! Bk B R ({"‘-’)+

XV = (L — X) (1 4 Bbh)

2 (o p s X ENT=FT) .
"n"osz-. COSETN (X =1y B ‘

(/(1 £ Alo

<«

— cos h

meeET yf/}"l')) . (12
Vx4 m o+ ap)th '

which, in the following calculations, becomes
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_4 VX +p(t—-3BX) 2 (L + bh)(L = BX)
(ul - Am S o | b
xXV» ~ (L — X) (1 + Bh)

+ i q [(X — Ty) cos h™! V%; i ',71,“ ;—h,()’_io) 1

: G /X +h) (4 BT, il X HH
X 4 T,) cos k 'V(—,~- 09 .l B
+ (X 4 To) cos h 2X cos h™! X(1 -+ Bh)

_—
= 5
i
&
—_
-
= =
T
~
~

_VX-+h) 0 —BX) (c(,s-l V_i ~ BT, |

VB 1+ Bl
= i;L;ij -1 1—3h
+ cos 'V s T ‘+‘3’))]. (13)

2.2. Cross-shaped tall having the plate of symmetrical
thickness with equal slopes with the incident® of the first
wing components. We will introduce the second cross-shaped
tail, having t%he plate of symmetrical thickness in order tc
eliminate the accentuated peaks of pressure om its lower side.
Proceeding in the same manner as with the simple delta wing
(3), we will obtain in plane X the following expression of
the axis of disturbance velocity:

X+h
X(1 + Bh)

2 ( LS X 4 (=BT -~.V§"‘ff—f’-))ﬁ£7’_”
o "'ST,("’”‘ 'V(',i”"; 7y agan T Xy (1+73;))) a5
(14)

U, —= 2 Q0 cO8h™?
©

which becomes

2 LGV X+y
(u| = pee (l)lﬂ COS8 h 'V“.( i‘»!* (/")) t

(X b (1 =BTy _

2 r _ #s son b=t I 12 =
+ ﬁq,[(,\ — T,) cos h |l(:\' Ty (1 1 Bh)

; (X + h(0 BT,
- " 1 o e —
(X 4 T,) cosh V(l‘. Ty (1 1 Bh)

VX ');(ml = ﬁﬁ;i(m“-, Vr_:.'jﬂn. 4 cos“Vi:E-:@;)]- (15)

1 4 Bh 1+ Bbh




2.3. The ce@Bdss-shaped tall of symmetrical thickness with
the role of compensating the slope of the plate from 2.2, To
this goal we will introduce a new distribution of source on the
surface of the wing, which will reduce the wing at the average

nought tnickness corresponding to a thin wing.

The function chosen as the distribution of the intensities
of the sources

q(T) = k : (—h<<TLh (16)
/

and we will obtain, similar to (15), the following expression

of the axls of disturbance velocity:

2 B el

U = Queosh I, ST TN
bl TN E -3,
e b S') ['[msh (X — 1) (1 + B)

te

_WHE BT e Ba e X4y
ook Gy (|07 =~ w Qe W  xaan

) o L)X A (L —Bh) _
-+ % l(X‘ — h?) cos h L (—X:_,))_(l*f‘@,))

EPNGaRs: g T
— 2X2co8h 'V_!,“ . % @'))+

_Mg%%; (V'.(;%"z [ym (V1 =Bh - V) +

y o Y =3\,
++ (1— Bh+ 2@.\)(005 '3 i (BZ- —cos i +Qil))]f (1

Through the superposition of the three cross-shaped talls

we realize a cross-shaped system with three arms, for which the

9
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axis of disturbence velocity will have the expression

(” - '/u‘ * "l{( i /”:' (lu’

3« The Determination of the Constants

Using the conditions at the 1limit for the disturbance
velocities on the surface of the cross-shaped tail, we will

determine the constants A10 and K10 which appear in the

exoression of the axis of disturbance velocity (13). Considering

some sources concentrated in the place of the distribution,

by intensity Qi and position Y = Tg ’

1 !
Q. =4¢Ty To= >«Z T,, (1)

we start from the compatibility relations of the disturbance
velocities:

Wl = e Y e

- W/ 08 20
Vi= Bt e

and we will write the ecuations of the conditions at the limit

of the normal disturbance velocities in plane X:

cercul Mach e i i
ll%z LY X2 ’ r
Re I{S"",n V-vbi ¥ ‘1‘.2 - (]7(, al

renl Mach 1 -

2

in which U; 1s the axis of disturbance velocity of the first

wing components in the case of the sources concentrated in

10.




A=s V“*b”"w"Lf?Kmmyq(L*bH'“W{h
XVB n (11 Bh (LX)

P X (=BT (X Fh(1 BT
+ YOS 1 — cos h ! - " - '
7‘0'0‘“” V}X Ty rap ~ " ¥ (v LTha

LP A

¢
From (21) and (21) we deduce, accomplishing the calculations,

_all,
VBz—1"

0 = (23)

o + | —- 7}2’) V(L — [)) (A= 7”})
= Y21+ Bh) V= ) 2h(1 + BL)

LU Vl »+_-Am>‘,_v|> — BT,
h — T4 b+ Ts

The condition of finite velocity at the edges of the plate
(X = 0) determinew the constant Aqg :

AlO'-:"' (2')

Furthermore, for the calculation of the constant At

we will start from the relation

P ey, D d'v"
40 =y e a ) .

known in the theory of conical motion, and we will write the

equations
dt

e k] = B”t’) V’.2 3 ‘2 (%)

—y = — q'V] - B‘hz

h h "
volg + V'L — S' tdo’ = vh, (26

lo o

from which we deduce the following relations:

11.
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0y — 7y = g,co8”" ;: Vl B (27

L= o
Bh(v — v;) = ¢, co8 .Vlﬂ;—'l}’lﬁ . (27)

From (19), (27) and (Zfs we deduce the .constent q;:

U, 0 A (7,2 A
'<L-~w_’<_1”-f~'?;’;'ﬁ]+ p;[ 1+ 3T V_l—_@'?é__
2h(1+BL) h—To h+Ts

V2pr+ B (o ]f1=BW _1 —xV"!".’f)] C28)
— =y e ST B 1B

We will calculate the constant kty from the expression of
axls velocity (13) starting from & similar relation with (263
for the lateral velocity of the plate of the third wing

components:

h h .
v’ I -—S tdv"’ = — oh, (29)
0

@

and we will deduce

5E*Y o, — v) = k1 — Bkt [1 (1 — B)™). (30)

That relation, together with (27), determines the constant kg:

.

5 BM | R V?—_‘_':‘ﬁﬁ'ﬁ. (31
Pir. T = BW[1 — (1 — B2 -
S =y e y B

12.
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4. THE DISTRIBUTION OF PRESSURE AND AERODYNAMIC
CHARACTERISTICS

The determination of the coefficient of pressure on the

wing and on the plate 1s made using the formulas

uw u
C,=—2-"4 C,,=—2-" (32)
: e U
010,10
[ | ‘
! Coa z/h o
| e
S 008 Zy =
|
\- 006 SR
M=202 4"
BL= ',I’
- - _ﬁo{‘ Bh=08/35 B 3°
\ Presiuni teorelice e0fe “t&
! sz:;;;’u!r e-per:.f,uwI:.'lwA 3“ 1
— — 002 A’gF&M%_‘! "“"ﬁ
008 op2 % : 08 010 -Cpp-0)?
i 0 0 1 y/L b
~—t—--002{-02 ———t
o \.
b} —-006 |-06 ——4—2 '\
“008{ (8
100110 7/" \LY eS|
'—‘ S + -
.
“44¢ LV. :

Fig. 3

in which the expressions of the axis of disturbance velocity

A el b b

given by (18) (fig. 3)# introduced.

i

e
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are
Coefficients of 1ift for the wing or half of the plate b#

obtained from the formulas

i u B - YayY
Cons S» el e - "

on U,

for the region (m) contalned in the interlior of the circle

Mach,
1 1 1 1 la
! s ! . ! — -
) (l u)('" 2 ( B) B "
for the outside,
o1 — B2 ch Yay h
¢ = W Y) - = :
VD e Yo — - 1

for the plate and

£ i, =

0]
-

1 ety 1 C - (3.
_(l_.B)Lm &-2“ ims

o |-

am for the whole horizontal winge.

Coefficients of moment of roll will be given by the

following formulas:

8 L - -
T == TG S () L
}I(’.l 3(/. VLg__ ')2 S')
for the horizontal plane and
Vo MDY g TAE N
He,, = U S,_,,""‘ ) (L — Yy (3.

emd for the vertical plane, in which ula(Y) and ulp(Y)are

given by (18).




For the @efinition of the parameter tp we will notice
first that the position of maximum distrigution of pressure
coincides with that of the center of the nucleus of the vortex,
as 1s ascertained in another way from experience. However,
making the calculation on the base of the distribution of
chosen sources, it 1s ascertained that the pezk of depressions
on the higher side of the plate falls approximately to the right
of the center of gravity of the intensities of the sources,
having the position tp deduced from (19) in the form o7

L8k — B + G — B (39
ly = 31 — B3 + 1 — B2

We will use, through the following, the formula

'1'0 gl R 1 LAt ({0
¥ 14 LB - AR

for the definition of the position of the center of the nucleus

of the vortex, in which B is the incidenteof the plate, and &g
plementar

theVinc n created by the interference between the wing and

plate and which is proportional with e« Therefore, if a-»0,

then &840,
5 The case of concentrated sources

We will seek to solve the prcblem in a simplified way,

presupposing that the vertical velocity on the plate presents

T e d—"




a sudden drcp in the right of the nucleus of the vortex. This
werk 1s resolved from a hydrodynamic point of view tnrough the
introduction of concentrated sources in the points corresponding
to the positions of the centers.of the vortexes: t'o and -tg,

of intensities Qt and -Q¢.

The expressions of the axis of disturbance velocities

will be the following:

;s XVB x (1+Bh) (L= X)

7 i Q [ st [ Lot R =20 cosh-nV(X‘Hl)(l--l-’BT{,)

(X=T5) (A +Bh) X+ Ta+ay] D

for the wing 1ift power,

F: oo
X(1 + Bh)

2
i = Q1o COS B!

2 o0 lenen [ (XADA=BTY) | )(X+h(1+BT;) .
2ok 'V<x—mu+@m b xampasay)
for the wing of symmetricel thickness from 2.2 and

Uy == U, (43)

for the third wing component.

The distribution of pressure is obtained substituting in

(32) the expressionof U given in (18).

The aerodynamic coefficlents are deduced in the same way as

16.




in the case of sources of distribution, in which avpear the

constants AlO' KlO' Qts ky deduced from the equations

Ay =0, ‘ (41)

0ol -+ v (h — 1) = vh, (41)
(1, — o) bo "

v V1 — Bug? i

and from (ZjS, (30)

L 1—®%  |/(L—h) (I—Bh) }
; V22 +@b){u[v?jga‘1;r:bi— T2h(1 + BIL) +B
v ;_—i—}-@To 1—-(31'0 h—to 143 2 (1__(3 )
% RN (1 +®h) Y 2h(1 — B
K 5 B2h 1 — Bug,
d=]r:ﬁﬁmth1—BW, ' el

and the constant Kig 1s the same as that given by (23).
OBSERVATIONS

a) The existence and positions of the vortexes are in

function g as well as a.

b) For the case of plates without tncidence (8 = 0), the
wing however having the incidence a, llkewise obtains an

antisymmetrical flow wlth vortexes.

¢) Making Alo = 0, we obtain from the expression of

constant A1O' calculated from within the framework of liniar

17.
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theory (11):

PN TN | (S T e

n {1+ 3Bh 21+ 3L | BL -1

with the condition like the cross-shaved tail with
antisymmetrical plate to have finite velocities at the edges,

avolding the appearance of vortexes in the form of horns:

B Y1 =2 _][(L—h) (B, s
« BLE -1 2h(1 4- BL) :

In this relstion we can deduce the supplementary incident
&B. Induced by the wing on the plate whatever would be the real

incident g of the rlate of the tails

1— B Vl@?fﬁliEZ@i]a, (
A= W‘g;zjr:i—' 2h(1 + BL)

which we will introduce in (40) for the definition of the

nucleus of the vortexe.

Accepted at the editor's office July 3,1970
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