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to the downwash
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At the present date, very little information exists a

iles and air-
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and sidewash in the wake of 1ifting surfaces for supersoni
nlanes. To the author's knowledse, Heference 1 1s the first paper to develop
the theory and carry out numerical calculations for the downwash and sidewash
behind wings of practical interest. However, the paper only contained brief
indications of how to treat the very interesting triangular planform know

N

s the delta wing.
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It is the purpose of this paper.- to extend the basic idea for the deter-
mination of downwash as used in heference 1, to the delta wing, and to carry
out numerical calculations for a specific case. Although it is possible to
develop expressions for the downwash and the sidewash at all points within

the lkiach cone and in the wake of the wing, see Reference 1, it was not carried

out nere. This paper applies only to the downwash field in the plane of the
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In Part ITI, the notation to be used 1s presented and explained.
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In Part IV, the method of superposition is discussed in detail. Various
assumptions of linearization pertaining to the delta wing and the conditions
of pressure and velocity on the wing are presented. From this, the under-
lying boundary condition for superposition is discussed. This boundary con-
dition is that the pressure perturbation must be zero behind the delta wing
in the plane of the wing. Two basic types of constant 1ift distribution
wings are discussed, and from them, the auxiliary constant 1ift distribution
wing 1s developed. An iufinite number of awxiliary wings of various shapes
are superimposed upon a delta wing of infinite chord in such a manner as
to satisfy the above basic boundary condition. Since the downwash field

1 ]

of' each superimposed wing 1s known, bthe Tield for the resulting finite delta

wing may be computed. The resulting expression contains the 1ift distribution
and the slope of the 1ift distributicn on the original delta wing.
Part V presents the expressions for the 1ift distribution and slope of

the 1ift distribution on the original delta wing. They are then substituted

in the general expression for the downwash developed in part IV.

In Part VI, the expression for the downwash at the trailing edge is
developed. ﬁere, an entirely different approach to the vroblem 1s used.

The boundary condition is satisfied by means of velocity change through the
Hach waves from the trailing edge of the delta wing, and not by the subteriuge
of adding and subtracting an infinite number of constant 1ift wings as was

22

done in Part IV.



Part VII contains the development of the expression for the downwash
at infinity from the complete general expression developed in Part V and
another more simple form developed iﬁ Reference 1 by complex variables.
In Part VIII, the downwash is determined for the following special case:
Mach number = /2

; . . o
Delta wing half angle = 30

The downwash distribution in a spanwise direction was determined for three
chordwise stations, viz. the trailing edge, one chord length behind the trail-~
ing edge, and at infinity. The lack of time prevented calculation of the
downwash at other chordwise stations. The stations chosen were considered

the most significant. Calculations for stetions between the trailing edge
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and infi involve graphical integrations in which the function goes to

in definite points on the span. A method of evaluating these infinities

is ! in this section.

Part I contains the results of the calculations. A table of nunmerical
calculations and the corresponding integral plot for a sinpgle ray angle is
given for illustrative purposes. Three graphs of the downwash parameter at
the selected chordwise stations are given in this section.

In Part X, the results of the numerical calculations are discussed. It
is pointed out that the results were somewhat qloanu01nt1nw,(As the downwash
distribution at cne chord length behind the trailing edge does not avpear to
be compatible with the distribution at the trailing edge and at infinity. There
is need for calculations at other chordwise stations in order that a more complete
picture of the downwash in the wake be obbtained. An experimental survey of the

wake characteristics of this particular wing would be very desirable as & zeans

N
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NOTATION

The system of coordinates and symbols is to be the same as that used

55

in Reference 1 wherever po
was cnosen because cf its adap

It can be seen in Figure

X2,

y
X3

Figure 1

Basic Coordinate System,

In the theory, the wing

lie in the X, -plane; but as
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is negligible.
The
tan B

)

ibl

is actually at an anglse

e. ALs pointed out in Reference 1, this svstem

bability to conlcal flow problems.

that the delta wing, defined by the semi-vertex

;,..J

n that the
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eﬂfo, lies in the x,x.,-plane, and
1737

free stream velocity, Uy is directed along the

S

The

X =3X1S .

3

wie X

X, -axis is vertically upwards from

x.~plane. The semi~vertex angle M is

>

3

the kach angle, and the angle 1 is the angle
of an arbitrary ray emanating from the vertex

and lying in the plane of the wing.

could not

linearization holds throughout, this difference
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IV EETHOD OF

The problem at hand is to determine the downwash at an arbitrary opoint

under consideration

in the plane of and in the wake of a delta wing. Tne wi

is one of triangular planform and finite chord length C. (See Figure 7).

tod

Since this is a linearized theory, the delta wing is assumed to be of zero

3

lat, i.e. the angle of attack « is assumed to be constant

thickness and f

evervwhere on the wing, This theoretical wing moving at a velocity Uy and

at a small angle of utuack will induce a Tlow fleld which will produce &
1ift force on tne wing. Tnls induced field also produces a aownwash.
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The 1ifting force is the result of a pressure differentia
by the induced velocity ;. (See Heference 1, Chapter L, for a discussion

tion velocity («3)
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the antisymetric vroperties of «3.) This perturb
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conical in nature and will be

=
w

distribution, l.e. tribution,

determined later from deference 2. The downwash, l.e. - ¢, on the wing,

equal to x U,

Behind the the conditions zre quite different. oSince

4 ~
1

ort a pressure differential, then

there is no ical surfece to sup

Us

his is the boundary conditlon that must be satisfled in order that any

il

0

expression for the downwash behind the wing be valid. On the other hand,
Uis completely unrestricted, and it is the object of this investigationto

N

determine an expression for the downwash distribution beh:

in the plane

of the wing. (i.e., for x, = 0 and for C=2 X3= 00 , See
- 4

As in ieferernce 1, wiil be done by the superposition of an inlinite
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of the llach number and the geometry. From Reference 1, eguation (8b), the

basic expression for the &, perturbation within the liach cone is as follows:

mm 2B /18T
= ng.s_é(—é, %) | (2)

where A:.#%ﬁl, B:lLﬂiE_, Til:ﬂlﬁ_,b:ﬁﬂi
b %4 e

Uy = Sl L ’ /h/7'/ + 2 arctan T + 1-8% )n[T1B ___71)

It follows from ejuation 2 that as 4 is not constant on the surface of

The wing within the lach cone the local angle of attack must vary. Therefore,

for #3 = a constant, the surface within the iach cone must be curved in order
that equations (1b) and (2) are compatibles.

11,

he auxiliery wings can now be formed by the supernosition of these

3 1is a diagram of -the supernosition to ve use

(as shown, both angles ( P ) are negative; whereas, ¢ and ¥ are both nositive)

Hioure 3
Auvxiliary Constant Lift wing
ding I is the first type, two-dimensicnal, with constant 1ift ( &3= xU,m)

constant upwasi
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Wing IT is the second type and extends from the apex at & to X, =~

This wing has the same constant 1ift as wing I, i.e. ¥y = x Uy pm . Jing

¢y ]

I1T extends from the apex at B to X, = »e0 and is a : of Wing II.

If wings IT and IIT are subtracted from wing I, it is easily seen that

U;= 0 gverywhere exceplt on the uncovered portion of wing I. In this region

it is still constant and = « Ugm ,

except in The

It 1s also seen that dy= O every

region bounded by the left trace of the Mach cone emanating from apex 4, the
right trace of the lach cone emanating from apex B, and the triangular area
4ABD.  The velocity ¢z in this region is obtained by subtracting the u, velocities
due to wings II and III from that due to wing I. For an arbitrary point (P),
u’"‘(f’) is thained as follows:

u.\(P)Idue to wing I = — X a,.,

uz(',)lz 1 H oIl = 51‘5_36(_6} ?-¢)

“py" NN III = Rag-b ,2y)

nence
Gy = ™ S “‘(f)m:Z: o= 2 GLosty) 25 G(h3%) >

where

G(h,2g) and G(b, 2,) are both zero; so, ()= ~x Uy
Plaso

bisects it,.

The distence AR is arbitrar

Hdow that Wz and #, are known for any point on the auxiliary wing of

15 possible to superimpose a number ol these wings in such a

page) =

manner as to satisfy the boundary condition for &zand obtain the downwash

fal

behing a delta wing of chord C.

First, consider a delta wing with infinite chord which has conical
3
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distribution of 1ift, i.e. 4;. The cross-section of the Uydistribution for

s

any leg—plame is shown in Fizure ;. The actual distribution across the

delta wing will be determined later, but for the purpose of presenting the

osition principle, this simpiified distribution will be used.
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(x, ;= plare) T Delfa Wing

X,

Y

Figure 4
dfied Lift Distribution on Delta Win

i}

at a distance C

By superimocsing a single auxiliary
A3

from the vertex of this infinite delta wing, the 1ift distribution immediately

behind C and extending toe in the x, direction will be as shown in Figure &.
- >
It is clear that adding a wing of «;= -« is the same as subtracting one
of a, =+ H3 .
Xa
(X, X3 - plane) . Delfa Wing — |Aux. Win
b o et X/

u4;<0

Simplified Lift Distribution of Delta ¥Wing Minus Cne Auxiliary Wing

This remaining 1ift can be cancelled by adding two, and In the general

increasing angles (@ ).

case (# ), auwxiliary wings of = Adand havin
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X. DISCUSSION OF THE RESULTS

The results of the calculations are somewhat disappointing. Although the
downwash distribution was determined by three different mathematical approaches
for the three different chordwise stationsy it seems that the results should
be a little more consistent. Graph II shows that the distribution across the
trailing edge is quite uniform. The same is true at infinity, see Graph IV.
The results at these two stations are quite logical and can be accepted as
being correct within the limitations of linearization. For the one chord
length station; however,'the‘results were quite different, see Graph III.

Here, the distribution is quite erratic and does not appear to be compatible
With the other stations. No particular reason for this behavior could be
found. The desirability of having other chordwise stations for a more complete
picture is quite evident. Qualitatively, the results for the one chord length
station are correct in that the values as a whole are of the right order of
magnitude and that the downwash approaches infinity at the wing tip ray.

It is entirely possible that to the first order, the results are correct.

The best means of validating an expression is to compare experimental
results with the predictions of the theory. The desirability of having the

results of an experimental wake survey for the specific case is also evident.
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