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Summary.

Measurements have been made of the longitudinal characteristics of one plane and three cambered slen-ler
‘ogee wings (p = 0-45, s;/cy = 0-208) at two subsonic and eight supersonic Mach numbers up to 2-8. ‘i'he
tests also included measurements of the zero-lift pressure drag and support interference of the plane wing.
The results have been analysed to give data for estimating the performance of supersonic transport aircrar.
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1. Introduction.

The purpose of this report is to describe tests, in the 8 ft x 8 ft Tunnel at Bedford, on four
slender ogee wings. All four wings had the same planform (p = 0-45, sp/c, = 0-208); one w:s
plane and three were cambered to give varying amounts of centre-of-pressure shift at superson:c
speeds. Measurements of lift, drag and pitching moment were made at two subsonic and eight
supersonic speeds up to M = 2-8 and the tests also included pressure measurements to determinc
the zero-lift pressure drag and support interference for the plane wing at supersonic speeds.

The present tests contribute to an extensive investigation of the aerodynamics of slender shapes
and their suitability for long-range supersonic transport aircraft. As a result of carlier work in th:s
investigation it has been suggested that it should be possible to design an aircraft having a .
acceptable performance and flight characteristics, utilizing wing flows which are both computabl.
and physically realizable, provided that: (a) its planform is slender with streamwise tips (at all flight
speeds the leading edges are ‘subsonic’) and the trailing edge is either straight or only slightl,
swept; (b) it is integrated, in the sense that the wing and body are smoothly blended together ¢t
form a single smooth wing-like shape, capable of lifting over its entire length; and (¢) the leadin»
edges are sharp and if the wing is cambered (in order to bring the centre of lift at cruising conditions
near the position of the aecrodynamic centre at low speeds), the camber loading is zero at the leadin >
edges, so that the leading edges are attachment lines at the design incidence and at other incidences
the flow separations are either wholly above or wholly below the wing! 3. A fundamental teatur-
of the flow past these wings is that at all flight conditions there is primary separation from all edge:
and, under cruising conditions, the wing surface is free from shock waves. It should be noted that th:

3
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acrodynamic design point is not normally a flight condition. This is because, for wings with sharp
and highly swept leading edges, the existing mcthods of design are only valid when the leading
edges are attachment lines and it has been found that lower cruising drags are obtaincd by usir g design
lift coefficients lower than the cruise value.

Larlier work in the slender-wing programme concentrated on wings of simple shape (e r wings
with rhombic transverse cross-sections, having planforms and centre-line sections defined by simple
polynomials), and the principal object of the tests described here, was to determine to whast extent
changes towards what was considered to be a more realistic shape would affect the hish-speed
drag and the ability of a simply designed camber to trim the wing. Thus, although the present
wings conform to the restrictions of the preceding paragraph, considerations of an zircrait 's. stowage,
balance and structural requirements have influenced the choice of planform and thickness ¢ istribu-
tion. Consequently, they have much of their volume concentrated near the centre-line and. compared
with most of the earlier wings, the position of maximum cross-sectional area is farther aft, the mean
trailing-cdge angle and the minimum leading-edge angle are greater, and the planform natameter,
p = ¢/cy, has been reduced by ‘waisting’ the planform. For these wings the cruise concition is
assumed to be C,, = 0-075, M = 2-2.

2. Description of the Models.

Four shapes were tested, one plane, the others cambered; all four had the sarie planto-m and
thickness distribution.

The planform, which is defined by the equation

o " . A2 3 j

) ¥y gy® 22X 43X 37
S Cy Co o ° ot
T _ 0.208,

Co

is shown in Fig. 1, where it is compared with two gothic wings and two other o:ree wings of the
same slenderness parameter (s,/c,). It will be seen that the lower p-value for the present sh:pe has
been obtained by waisting the planform while maintaining an apex angle comparable with that of
the gothic wing with p = 7/12. This has resulted in a shape having two points of inflexion and an
uneven variation of leading-edge sweepback across the span (see Iig. 2).

The thickness distribution (Figs. 3, 4 and 3) is a ‘lofted’ shape without a defining eq.tion,
It is an example of how a smooth integrated fairing could enclose a realistic pressure cshin and
outboard fuel tanks. For these wings it was proposed that the engines should be enclosed in
under-wing boxes whose shapes followed those of the clean-aircraft streamlines. T'he streamwige
variation of cross-sectional area is less smooth than those of earlier wings, the position of maximum
area is farther back, and hoth the slope and curvature at the trailing cdge arc larger (see fig 6).

‘The camber surfaces for these wings were designed by the slender-wing-theory methed of
Ref. 4*. Inboard of the ‘shoulder lines’ the streamwise slope of the mean surface i:: consta along
the span but outboard of the shoulders it varies parabolically with the spanwise ¢r-ordinate. The

* A computing programme for calculating the camber shape by linearized thin-wing theory was not
available at the time. Slender-wing theory was chosen in preference to not-so-slender theor17 21. 22 Ferguse
of its simplicity.
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ratio between the values of the slope at the leading edge and at the centre is chosen such that the
load vanishes at the leading edge. The ordinates of the mean surfaces have been obtaincd by
integrating the surface slopes from a straight hinge-line at 95%, root chord. The equation of the
shoulder position is

nolx) = 0-5 0<x<
x  1\2 T
- 0- i 2<xg
0-5+ (Co 2) 5 S %<6

The shoulder position was chosen to be well inboard near the apex in order to avoid large ac verse
pressure gradients; it was chosen to be farther outboard near the trailing edge to obtain a low yortex
drag?. The wings were cambered to give the following lift and pitching-moment coefhicients:

Wi ng Cl,rl Cmd g 6 AC mn
15 (plane wing) 0 0 0 0 0
16 0 0-00853 0 30° 0-00853
17 0-025 0-00800 1° 50° 0-00853
18 0-025 0-00435 1° 40° 0-00487

The design incidence «y is the inclination of the central part of the mean surface at the trailing
edge (¢ = 0 corresponds to the no-lift attitude according to slender-wing theory). 'The values of
6 quoted are the maximum angles of leading-edge droop. At a lift coefficient of 0-075 the cambered
wings are intended to have their centres of lift either 4%, ¢, (wing 18) or 79%, ¢, (wings 16 ard 18}
forward of that of the plane wing.

In order to be able to use slender-wing (i.e. M = 1) theory to design a camber surface to zive a
prescribed shift of centre of pressure at a cruise Mach number of 2+2, it has been assumed that.
even though the centre-of-pressure positions of the wings may change with Mach number, the
difference in C,, between the plane and cambered wings, at the cruise Cy, will not change and wil:
be equal to the difference, at the design lift coefficient. To decide the centre-of-pressure movement
needed, it was also assumed that the aerodynamic centre at low speeds would not be affected by
wing camber. With these assumptions it was expected that the AC,, required for this planferm a
C; = 0-075 would fall between the two values chosen (i.e. between 0-00487 and 0-00853)
Details of the camber loadings and the shapes of the cambered wings are shown in Figs. 7, 8 and 9

Except for the nose scctions, wings 15 and 16 were machined from steel, whereas wings 17 ana
18 were fabricated from glass-cloth bonded with Araldite. For the force tests the models were
supported by a sting of 2+ 1 in. diameter and included a six-component strain-gauge balance (Fi:. 10)
On all the models the cylindrical sting shroud was symmetrically disposed at the trailing cdge
An additional model of wing 15 was used for the pressure measurements; this was connecte i to a
cranked sting by a thin yoke near the trailing edge (Fig. 10), which was designed to leave the apper
surface of the wing free from support influence for M > 1-4. The pressure holes (100 in nu nber}
were distributed along five chordwise stations, located so that they represented equal amounts of
frontal area, i.e. at y/s;, = 0-032, 0-096, 0-176, 0-336 and 0-656. A dummy sting shroud was
available for the tests to investigate the shroud effect on zcro-lift drag.

Table 1 lists all the model dimensions,
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3. Details of the Tests.

In the force tests, measurements of normal force, pitching moment and axial force were meade at
Mach numbers 0-3 (approximately), 0-8 (approximately) and 1-4 (0-2) 28, at a contant Revaolds
number of 107, based on root chord. The incidence range used was:

— 67(1°)0(4°)6°(1°)12°

If

A
except at M = 0-3 where
— 6°(19)20°,

The models were tested both right-way-up and inverted in order to isolate the ~ffects i tiow
deflections in the airstream (all the graphs in this Report refer to the mean of right-wav-up and

model-inverted results). All force coefficients are based on the plan area of the wings; the reference
length for C,, is ¢ (the sccond mean chord) and the moment reference point is at (- 5¢, i.c. at the

i

¢

centre of the plan area.

The pressure measurements on wing 15 were made at M = 1-4, 1-8, 2-2 and 2-6 oniv; the
Reynolds number again being 107, with an additional test at M = 2-2, R = 1-5 x 0. T'he
incidences tested werec o« = - 2°(4°)2° and « = 0 model inverted. The tests with the dummy shroud
fitted were done only at zero incidence.

At M = 2-0 additional force measurements were made at Reynolds numbers of 5 and 15 millions,
and the results were used to estimate the effects of model distortion under laad. The results fo- the
metal models showed no change with dynamic pressure (apart from the expected sh ft in the level
of the drag polars), whereas for models 17 and 18 there were measurable changes in pit-hing nisment

and lift. "The distortion corrections, at M = 2-0, for R = 107 were found to be: Aa/ o= - 1-5%
AC,[/Cy = — 0-010; thesc corrections have been applied to the results for all supersonic NMach
numbers.

‘The drag results in Iigs. 13, 16, 21 and 22 are not corrected for the prescnce of the sting =i rond,
except that the axial force has been corrected to free-stream static pressure at the shroud basc. The
correction to the zero-lift drag of the plane wing has been derived from the pressure nieasureracnts,
it is closely approximated by AC,,, = 0-00088 — 0-00053 log B8 and is taken into account n the
analysis of the zero-lift drag measurements on wing 15 in Section 4.3..Or1 the car:bered wings,
except at the trailing edges, the sting shroud protruded from the upper and lower surfaces by different
amounts, in-effect distorting the camber surface. The estimated corrections for this are (sre Appendix ]

for details):
Wing 16 AC,, = 0-0003/8

17 0-0008/8
18 0-0005/8

these are included in all the plotted results for supersonic speeds.
"The following tunnel-constraint corrections were applied to the results for subson: - specas:

M =20-3 M == 0-8

Ae/C, 0-72° 0-82°
AC, o/C,2 0-056 0-093
AC,IC,2 0-010 0-010

where « is measured from the no-lift attitude. These figures were derived by applyin: the metnod
of Ref. 5 to this planform. The small blockage cffect of these wings was allowed for 1y correciing
. the values of p, and }p{/® given to the computer.

6
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Estimates of the accuracy of the tests suggest that the errors in the plotted results are within the

following limits:

Cp: £0-001 +0-01C,
C,: +0:0002 + 0-01C,,

Cp: + 0-0003 + 0-008C,2
except for M = 03, where, due to the low dynamic pressure, the errors may be three times these
values. For the pressure coefficients the random scatter, due to errors in pressurc measurement.
is thought to be less than 0-004; an additional crror, due to uncertainty in the measurement of the
true static pressure in the tunnel, is probably about + 0-005 (this would affect all the readings at
one Mach number by the same amount and would not affect the measured pressure drag).
An additional error in pitching moment may arise from the unaccounted-for variation with Mach
number of the distortion correction.

To promote boundary-layer transition necar the leading edges, bands of 60 grade carborundum in
Araldite were applied to the wings; these were % in. wide and were located % in. from the leading
edges. This size of roughness (approximately 0-010 in.) was that required to cause transition at
M = 2-8; it is estimated that at M = 1-4itis 1-7 times, and at M = 0-3 twice, the size needed.
It did not cause transition at M — 2-0, R = 5 x 109,

Further measurements of the zero-lift drag of wing 15 were made while this report was being
prepared, using a more sensitive balance which has recently become available. The conditions for
these tests were:

(@) R = 10", M = 1-4,1-8,2-2,2-4, 2-6, and
(b) R =1-5x10", M = 1-4(0-2) 2-2.

‘The errors in Cj, for these tests are thought to be less than 0-0002.

4. Presentation and Discussion of the Results.

4.1, Introductory Remarks.

"The results of the force measurements at subsonic speeds are plotted in Figs. 11 to 16; Figs. 17
to 22 contain a selection of the force results for supersonic speeds and Figs. 27 and 28 show the
measured pressure distributions for the plane wing.

Im the analysis of wind-tunnel results for performance estimation it is current practice to divide
the drag of the aircraft into three separate, and additive, components, viz.

Cp = Cpp + Cpop- + Cor, (1)

of which only one, the skin-friction drag C,,;., is sensitive to changes in Reynolds number*. Of the
remaining terms, Cp,yyp is the wave drag duc to thickness and Cy,; is the drag increment due to lift.
For the present series of tests, Cpor is the zero-lift wave drag as measured on the plane wing and

if this is expressed as
Cyone = 128 1 (2)

DoT 7 St 0

then K is the ratio of the zero-lift wave drag of a wing to that of the minimum-drag body of revolution
having the same length and volume. No distinction is made between zero-lift wave drag and zero-lift
pressure drag.

* The Reynolds number, based on length, for the full-scale aircraft at cruise is approximately 3-5 ¢ 10%,

7
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The lift-dependent drag, C,;, may be expressed in the forms*:

Cpr = 7:21 C2 i
G2 (1\-&—2}837']\) e
wA ((l
where, in theory, K, = 1 for an clliptic spanwise distribution of lift and K,. — linthe approximaticn

of not-so-slender-wing thcory for slender wings having an elliptic streamwise distribuion of !itt.
'L'he values of C),, for K, = 1 —= K, are sometimes known as R. T. Jones’s lower bound for thke
drag due to lift 26 In gencral, K, and K, will vary with Mach number and lift coefficient.

In the following sections we consider first the subsonic characteristics of the wing:., then the
breakdown of the drag, according to equation (1), and finally the lift and pitchirg-morazrt
characteristics.

4.2. Results for Subsonic Speeds.

In this section we consider those aspects of the results for subsonic speeds which are relevarnt t
the performance of the aircraft, particularly those which affect the interpretation of the resulrs for
supersonic specds. It should be noted that, for these wings: () the incidence corresponding to th:
landing-approach condition is about 14° and (b) the lift coefficient for ‘hold’ or ‘diversicn’ at high
subsonic speeds is approximately 0-10. _

The lift vs. incidence plots for M = 0-3 and M = 0-8 (Figs. 11 and 14) show an ncreas: n
lift-curve slope with incidence as is usual for slender wings, the curves for all four w ngs beingr
virtually parallel in the region of interest. The ‘approach’ incidence can be seen to corres spond ra i
lift coefficient of approximately 0-45. At M = 0-3 the lift curve of the plane wing is closciv
approximated by Cpja = 1-21 {1 + 1-454%3}, where « is in radians, a similar, but larger. variati>u
of lift with incidence is given by the slender-wing theories of Adams and Edwards (ci. Ref. 7).
The measured lift is approximately 7%/, more than that given by Peckham’s generalised curve for
flat-plate delta and gothic wings®, if a small allowance for Mach number is made by replaciag
Cy by BCy, o by B'w and s, /e, by B'spleg; B = /(1 — M?).

An important feature of the results for M = ()-3 is the severe pitch-up (Figs. 12 and 2Z). For tae
plane wing the aerodynamic-centre position moves forward about 49, ¢ with an increase 11 C, frow
zero to the approach value; the movements are greater for the cambered wings and inciease with
increasing amounts of leading-edge droop. The aerodynamic centre of the non-linear Iift on the
plane wing has been estimated by assuming that the aerodynamic centre of the linear litt remains
fixed at 0-5¢, its position at C, = 0, and the linear and non-linear lift components are given by
121« (rad) and 1+76a 5%(rad) respectively. This shows, Fig. 24, that the aerodynamic cer tre of the
non-linear lift is always ahead of that of the linear lift and moves forward rapidly with .ncreasing
lift coeflicient. At M = 0-8, camber again has a destabilizing effect, but the pitch-up is less thun
at M == 0-3 and only occurs at lift cocflicients greater than the flight value.

At both subsonic Mach numbers camber has little effect on drag due to lift; at M = 0-3 ihe
cambered wings have slightly more drag than the plane wing, at M = 0-8 slightly less. At M = §- 5,
the drag polar for the plane wing is a parabola with K, = 1-54. The cambered wings have voricx
drag factors, at C;, = 0-1, based on the C,,, of the plane wing, of 1-44 (wings 16 ard 18) or
1-36 (wmg 17)

® hroughout the analysis (', is the difference between C, of the c1mbered wing and C';,, of the ylane winz.

S
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4.3." Zevo-Lift Drag of the Plane Wing.

In this scction we consider the first two terms in the drag breakdown {equation (1)}, ie. we
consider the division of the zero-lift drag of the plane wing into the skin-friction and pressurc-drag
components. The pressure tests on the plane wing were specifically designed to facilitatc this analysis
by providing measurcments of the cffects of the sting shroud and a direct nicasurement of the
zero-lift pressure drag. A comparison of the measured pressure distributions with thosc given by
slender-wing theory and linearised thin-wing theory was also intended.

Earlier tests in the slender-wing programme, mainly those on delta wings with rhombic cross
sections and Newby or Lord V area distributions (cf. Fig. 6), have shown that the friction drag of
these wings can be accurately estimated by calculating the drag of a flat plate of the same planform,
assuming the boundary layer is locally two-dimensional, and multiplying this value by the ratio of
the wetted area of the model to that of the flat plate. This method of estimating the skin friction has
also been used here. The pressure drags of these carlier models are in close agreement with both

linear-theory and slender-body-theory estimates of wave drag at low values of Bsy/c,, where the
results from the two theories agree; but at higher values of the slenderness parameter, where the
theoretical values diverge, the experimental drags followed the lower (i.e. slender-body) estimate.

The breakdown of the zero-lift drag of wing 15 is shown in Fig. 25. The measured total-drag
cocfficients are increased by the correction for the masking effect and pressure field of the sting
shroud. The difference between this corrected C)e and the estimated friction-drag coefficient should

be equal to the measured pressure drag but it is, in fact, 0-0003 to 00006 higher. The errors in the
various measurements are thought to be within the following ranges:

Cro £ 0-0003 (+0-0002 for later tests)
Shroud correction + 0-0001 |
Pressure drag + 0-0001 !

so that the most adverse combination of these errors cannot entirely account for the discrepancies.
It must be concluded therefore, that the friction drag is at least 5% higher than estimated.*

A comparison of the measured pressure drag with slender-body theory®t and linearized thin-wing
theory'®t estimates of the wave drag, Fig. 26, shows good agreement with linearized theory at all
Mach numbers, and poor agreement with slender-body theory, thus reversing the trend of earlicr
results. However, the general level of K is higher than that for wings with Newby or Lord V area

distributions. It should be noted that, for wing 15, the difference between linearized and slender-

body theories at the higher values of Bsy/eq is much larger than for Newby and Lord V area distribu-

tions and that Weber™® has shown that differences of this order are typical of wings with comparably ’ ‘
large values of — ¢,2S8(x)/V and — ¢o*S"(x)/V at the trailing edge. For these locally ‘non-slender’ ‘
wings one must expect the zero-lift wave drag to be much closer to the linearized-theory value than
to the slender-body-theory value. Recent calculations of the zero-lift wave drag of a family of delta
wings with rhombic cross-sections'®, using lincarized theory, have shown that, even for the

* In the light of more recent tests this conclusion should be modified. It now appears that the friction drag
is no greater than was estimated. The discrepancics noted are due to the drag of the bands of carborundum grit
used to fix transition (cf. Appendix I1).

T See Acknowledgements.
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‘optimum’* wings, the values of Kj increase when the position of maximum cross-sectional ara is
moved aft beyond 0-65¢,. ‘Thus, it can be expected that the relatively high drag of wing 15 is meinly
due to the relatively rearward position of the maximum cross-sectional area (see Fig. 6), which 1s
partly a result of the low p-value of the planform.

Further confirmation of the accuracy of linearized theory'® is given by the excellent agreement of
the theoretical pressure distribution with the measured values for M = 2-2, shown in Fig. 27.
The agreement here appears to be much better than, for example, that normally found betiveen
pressure distributions in two-dimensional flow over aerofoil sections at low specds and the
corresponding linearized approximations. By comparison, the slender-thin-wing-thcory'?® estiriate,
while giving reasonable accuracy over the front of the wing, is seriously in error over the rear
25%, ¢,, where the shapc becomes noun-slender. It should be noticed that the measured pressure
coefficients are quite small (Figs. 27 and 28) and therefore an important assumption in linearized

theory, viz. that the perturbations are small, is genuinely satisfied.

4.4. Drag-due-to-Lift at Supersonic Speeds.

We turn now to the last term in the drag breakdown and consider the lift-dependent drag »f all
four wings. :

In the absence of any theoretical method of estimating the lift-dependent drag for wings with
leading-edge separation we rely entirely on wind-tunnel measurements and their analysis in terins of
simple geometric parameters. Such an analysis of early measurements of the lift-dependent drag of
plane slender wings has been made by Courtney'*. He found that if he plotted K =7 A(C,,— C el C2
for C, = 0-1, against B4, all the points for sharp-edged plane wings with streamwise tips lay close
to the line

K =0-75+ 0-6484, 1:2 < B4 < 3-2.

These values of K, and also thosc for sharp-edged delta wings, are, in general, lower than those for
round-nosed delta wings collected and analysed by Cane and Collingbourne some years eurlier,
implying that the loss of leading-edge thrust due to sharpening the leading edge is more than
compensated by the resulting leading-edge flow separation, (a) increasing the lift for a given inci-lence
and (b) producing higher over-wing suctions than under-wing pressures on the forward-iacing
surfaces near the leading edges. For camber distributions with attached flow at a C, lower thin the
cruise C,, the high loadings near the leading cdges act on the drooped parts of the wing, with the
result that, although the minimum drag cocflicient may be increased slightly, the curvature of the
drag polar is reduced sufficiently to give a lower C,,, and hence K, at the cruising C,, (as in Figs. 21
and 22). Thus the values of K given by Courtney’s curve form an upper limit to the range of values
we would expect for cambered wings; a lower limit is given by R. T. Jones’s lower boun:db %8
although this is no real physical limit and lower values may, in principle, be obtainable.

‘The values of K derived from a comparison of the drags of the cambered wings with the zero-lift
drag of the plane wing are shown in Fig. 29. It should be noted that although the potential errors in
these plots are quite Jarge (e.g. AK = + 0-045 + 0-0018/C,? for the worst combination of the errors
listed in Section 3) the actual uncertainty in the points plotted is thought to be no more thin the

* The ‘optimum’ wings are thosc members of the family having the smallest drag for a tixed position of

the maximum cross-sectional area, at a given sy /cq.
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scatter about the mean lines shown on the figures. For all the wings the variation of K with M ich
number is of the form K = K, + 2K, f%,2/c,? with the following values for K, and K,

Cy, = 0-075 C, = 0-100 C; =0-125
Wing ‘; T
K" Kll' Kl' KU? Kl' l<"'
15 1-28 2-10 1-44 1-94 1-48 1-94
16 1-33 1-70 1-39 . 1-57 1-41 1-64
17 1-18 2-04 1-22 1-76 1-22 1-78
18 1-23 1-74 1-22 1-76 1-30 1-56
i i

All the cambered wings have lower values of K, and K., and hence lower values of K, than :he
plane wing. For the range of leading-edge droop angle covered by the cambered wings (i.c. 30° to §.)°)
an increase in droop decreases K,, increases K. and, in general, decreases K. For C, = 0-10 it
is only the more highly cambered wings which have values of K lower than those of Courtne:’s
curve. The drag factors for the plane wing are at least 0+ 15 higher than his values but, nevertheless,
they are still 025 lower than the valuc for zero axial force (i.e. wAa/Cy, in Fig. 30), which is better
than averdge for wings of this V/Sc*, implying that the main reason for the high lift-dependent
drag of this family of wings is the low lift-curve slopc of the planform. This is a direct consequence
of the low value of p; as is shown in Fig. 31, where values of 7AafCy, for C;, = 0-1, obtained from
recent tests on plane gothic and ogec wings!®16.1%.18 arc compared with the value for wing 15 at the
same fsy/cy and the same BA4.

4.5. Lift and Pitching Moment at Supersonic Speeds.

In this section we discuss the supersonic lift and pitching-moment characteristics and assess the
effectiveness of the camber designs as means of trimming the wings at the cruise condition. In the
previous section it was shown that for lift coefficients greater than about 0-07 the cambered wir gs
have lower drags than the plane wing. It is also known that conventional trailing-edge controls may
be very inefficient trimming devices (e.g. wind-tunnel tests of a model of the F.D.2 delta-wing
research aircraft'® have shown that, at supersonic speeds, the lift-dependent drag factor of the
trimmed configuration is twice that for the fixed-elevator cases). Thus there is a considerable
incentive to trim a supersonic aircraft, at cruising conditions, using camber alone.

A comparison of the lift vs. incidence curves of the four wings shows that the cambers tested had
no significant effect on the development of lift with departures from the design incidence (to make
this comparison in Figs. 17 and 18 the curves for wings 17 and 18 should be displaced 1° to the
left). Similarly, if allowance is made for the possible errors in the distortion corrections for wings 17
and 18, it is found that the camber has very little effect on the aerodynamic-centre position at
supersonic speeds. 'T'he variations of 8C, /dx and - 9C, [dC,, for the planc wing, shown in Figs. 32
and 33, therefore may be regarded as representative of all four wings. At all Mach numbers the Iift
vs. incidence curves become straight for S(o— o) greater than about 3° and two values of 3C,; I
are plotted in Fig. 32. It is noticeable that, at the lower supersonic Mach numbers, where there is

*eg (mAo/Cr—K). . .4, varies from 0-10 to 0-30 for the wings of Refs. 16 to 19.
g L €y, 001 it
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more lift due to leading-edge separation, the C,, vs. C;, curves are quite straight, implyiny that the
centres of linear and non-lincar lift are virtually coincident. At the higher Mach numbers there .
less non-linear lift but the aerodynamic-centre position moves forward with increasing C'.

Figs. 32 and 33 also show values of these two derivatives given by two approximate theorics,
both of which assume that the flow remains attached at the leading edge. Not-so-slender-wing
theory?®, which has given good agreement with linear theory for conical wings and r:asonable
agreement with experimental results for sharp-edged gothic wings?, is clearly of limited use for
the present planform, with its highly curved leading edge. On the other hand Evvard’s approximace
theory?® 23, which was not expected to be of much use for this slender highly curved planform,
appears to give a fair estimate of the lift-curve slope at zero incidence and a quite rcasonabl:: estimare
of the aerodynamic-centre position at zero lift.

Turning to the trimming cffectiveness of the wings, we recall that the cruising condition was
assumed to be C, = 0-075 at M = 2-2* and at this condition the wings should give centre-of-
pressure shifts of either 4%, ¢, (wing 18) or 7%, ¢ (wings 16 and 17). Further, the low-specd results
have shown that, at approach conditions, there is a progressive forward movement of the aer-
dynamic-centre position with increasing leading-edge droop. Thus in considering the trimming
cffectiveness of the camber we must take into account the fact that each wing will have .. differznt
most rearward c.g. position, dictated by the low-speed longitudinal stability requirements.

Reference to the C,, vs. €, curves for M = 2-2 in Fig. 20 shows immediately that none of the
cambered wings achieves a satisfactory trimmed C,. ‘The values of AC,, (i.e. ), —(Cp)wing 15 &
the same C;) and the shift of the centre of pressure for Cp = 0-075 actually obtained wre showr
in Fig. 34. Tt appears that, without allowing for the low-speed characteristics, wings 17 and 18 give
about half the C.P. shift assumed and wing 16 about onc third. However, when the pitching-momem
reference points are moved forward to coincide with the low-speed aerodynamic-centre positinng
for C, = 0-45, as in Fig. 35, then, at M = 2-2, the effective centre-of-pressure movements art
only 14%e¢, for wing 16, 2%, ¢, for wing 17 and 19/ ¢, for wing 18, when a shift of 54% ¢, 1
needed to trim.

Some indication of the manner in which the camber designs have failed to give their desirec
performance is given by the variation of lift and pitching moment with Mach number at desizr
attitude (Fig. 36). These plots show that, if the design C7, and C,, are attained at fsp/cy = 0, then
there must be a very rapid increase in C, at a; with Mach number for1 < M < 1-4, due, no doubt,
to loss of the designed negative lift near the trailing edge (see Fig. 8)—wing 16, which culls for the
largest amount of negative lift, being the most sensitive to changes in Mach number. Measuremcnts
of the load distribution on wing 1724 confirm that for this wing the designed negative lizt near the
trailing edge is not achieved, even at M = 1-4, and also show that, at low Mach nuinbers, the
region near the apex develops considerably more than the design lift. The rearward movement of
the centre of pressurc with further increases in Mach number is due to increasing liit near th:
trailing edge and decreasing lift near the apex.

On any non-conical cambered wing one must expect a rearward movement of the centre ot
pressure of the camber loading with incrcasing Mach number above M = 1; one must slso expeact
a rearward movement of the acrodynamic-centre position. Whether the changes in these two

quantities follow onc another in such a way that the value of C,,, remains constant must depend on

* Higher lift cocfficients, of the order 0-10, are now being considered.
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both the planform and the camber loading. Clearly, the planforms with higher values of p, with
their larger chords necar the tips, will have larger movements of aerodynamic-centre posit-on
(e.g. for a gothic wing, the change in x,, in going from M = 1to M = 2 is 129, ¢,'%, compa cd
with 39, ¢, for wing 15) and correspondingly larger changes in the centre-of-pressure position of
the camber loading can be tolerated. The present wings failed to maintain their designed A€
because the changes in the centres of pressure of the camber loadings outstripped the shift in aero-
dynamic centre (which was not as large as expected), mainly due, as we have seen, to the rapaly
varying camber loadings near the trailing edge being too sensitive to changes in Mach numker.
A more-favourable result could be expected from wings with less-curved planforms and higner
values of p, using smoother camber loadings. However, it may not be possible to utilize planforms
and camber loadings which are smooth enough to justify the use of slender-wing theory and, in
general, it would seem necessary to calculate the shape of the mean surface by linearized theory

for the cruise Mach number.

5. Conclusions.

Analysis of the results to provide data for performance estimation, and comparisons with eariier
results, has shown that:

(i) the zero-lift wave drag and zero-lift pressure distribution for the plane wing are both in clse
agreement with predictions of linearized thin-wing theory;

(ii) the zero-lift wave drag of the plane wing is higher than the values for wings of the same
volume and length obtained in the earlier tests; this is attributed to the relatively rearward posit:on
of the maximum cross-sectional arca, which partly results from the relatively low value of -he
planform shape parameter, p = &/cg;

(iii) the lift-dependent drag factors of the wings are higher than those of other slender wings,
when compared at the same value of B4; this is mainly due to the low lift-curve slope of the wincs,
which, in tufn, is due to the low value of p;

(iv) the camber shapes designed by slender-wing theory do not give the desired changes in centre
of pressure at M = 2-2, the ‘non-slender’ camber loadings being more sensitive to changes in Mech
number than the incidence loading;

(v) the trimming effectiveness of the cambered wings is significantly reduced by ‘pitch-up’ at
the low-speed approach condition, the more-cambered wings being more affected.

An obvious implication of these conclusions is that a better aerodynamic performance would be
obtained from a wing with a less-curved planform, having a higher value of p. Such a wing would be
expected to have: (@) a more forward position of maximum cross-sectional area and therefore a loveer
zero-lift wave drag, (b) a higher lift-curve slope and therefore a lower lift-dependent drag, znd
(¢) less pitch-up at low speeds. A better trimming effectiveness of the camber for such a wing wonld
also be expected if a smoother camber loading were used and the mean surface were calculated by

linearized theory.
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Corrections to Measured Lift and Pitching Moment for Asymmetry of the Sting Shroud

The asymmetry of the sting shroud distorts the mean surface. In the notation of Fig. 37 the
distortion is

Az(x, y) = H{Azy(x, y) - Azy(x, y)} )

and the corresponding additional incidence is

Jd /
Ao(x, y) = - % Az(x, y). (6)

To calculate the additional lift AL(x) induced by the distortion on the segment of the wing
between #' = 0 and &' = x we utilize a flow-reversal theorem (cf. p. 235 of Ref. 25) which, for
the present application, statcs that:

x pr ! ’.
AL(x) = f f Aafat, y) S2EID) g 7)
0J —r &
where Ap(x’, ': x) is the loading, at a point (x', '), on a flat-plate wing, of the samec planform as

the wing segment 0 < &' < x, at incidence « in reverse flow.
It follows from relations (5) and (6) that

T 7 I 4 d r [
f Acfx’, y')dy - %ch’ J (Az,l—Azz)a'y

do(x’)
e

[

where o(x') is the difference between the additional cross-sectional areas on the upper and lower
surfaces. We may approximate Ap(«", y': x) in the region 0 < [3’| < 7(x) by its value in the centre
and thus obtain for AL(x) the approximate value

— do Ap(x’, 0: x) |,
= — 1 T i3
AL(x) = —} f o . %)

o4

The wing segments in reversed flow are wings with supersonic leading edges and subsonic trailing
edges. If x — &’ < Bs(x), then the loading is the same as in two-dimensional fow:

2 Ap 4

If Bs(x) < » — &’ < Bs(x) + 28s(xp), then the loading on the centre-line can be determined ty
Evvard’s? method. The solution which satisfics the Kutta-Joukowski condition at the subson c
trailing edges reads:

A 8 rv
L =g [ gy
pU? « 7ty
= 8 sin™! . BZL, .
] x—x
17
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When the upper- and lower-surface distortion fields do not interact, i.e. when & < Bs(x),

2 2
SOAE(x) =~ alx)
pU? B
and, since the loading Ap/a is constant over the entire area of the distortion, this exp.ession s
exact. In other cases y, must be found by geometrical construction and AL(x) by integrat:on.

The corrections to measured lift and pitching moment are:

2 _
AC, = — 5 Al(x,
CL PU2 (‘xl) s

and, for moment coeflicients about &/2, based on ¢,

i
4
!
I
i

2 o, —
AC,, = — sAC, — — A dx .
[0 2 L p U2S'é J‘o L(x) x

For wings 16 to 18, x,p/sp = 1+5 so that for M > 1-8:

_ 20(xp) _

AC; =
C 8S 0

and
2 o
AC, = = ‘
Cu = oz | o

= 0-0003/8 for wing 16
= 0-0008/8 for wing 17
= 0-0005/8 for wing 18.

At M = 1-4 and 1-6 the calculated differences from the above values were less than the probable
experimental errors.
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APPENDIX I1

Kell's free-flight measurements of the sero-lift drag of the plane wing

In Ref. 27 Kell describes his free-flight measurements of the zero-lift drag of the plane w.ng
(i.e. wing 15) between M = 1-4 and 2-7. His results are reproduced in Fig. 38; also shown in this
figure arc his estimates of the drag of the small sting and stabilising fin (see Fig. 39) and the wing
friction drag. The model was flown with transition fixing bands of 0-007 in. carborundum grit
0-5 in. wide, located +% in. from the leading edges. The turbulent-skin-friction drag was estimared
using the intermediate-enthalpy methods of Ref. 28. Estimates of the probable heating rates of the
model werc based on the flight history and the known thermal properties of the model. In order to
illustrate the significance of the heat-transfer rate, Kell estimated values of skin-friction d ag
assuming full and zero heat transfer; these are also plotted in Fig. 38. These last two estimates re
only intended to illustrate the significance of the heat-transfer conditions, they are not intended to
indicate the limits of accuracy of the skin-friction estimates.

The Reynolds number during the test varied from 42 x 106at M = 1-4t0 105 x 108at M = 2 7.

The comparison of the ‘apparent wave drag’ deduced from the free-flight results with that from
the tunnel force measurements for R = 107 and with the tunnel measurements of pressure drag is
shown in Fig. 40. The ‘apparent wave drag’ is the total measured drag less the sum of the estimated
friction drag and the sting drag, and fin drag (if any). In the region of principal interest, i.e. ncar
M = 2-2, the free-flight results are about 0-0005 higher than the tunnel force results and 0-0C08
higher than the measured pressure drag. It is now recognised that, in both the tunnel and fli¢ht
tests, there were significant drag increments due to the roughness bands which were not taken into’
account in the analyses of zero-lift drag.* The roughness drag increment in the free-flight tests is
cxpected to be larger than that for the tunnel tests since the grit used in flight was excessively
coarse for the high Reynolds number of the tests. In view of the surprisingly large drag increments
in the tunnel—0-0003 at R = 107 and 0-0005 at R = 1-5 x 107 for a grit which did not provcke
transition completely at R = 0-5 x 107 it could be anticipated that the drag of the transition trip
accounts for, at least, a major part of the discrepancy between the apparent wave drag derived frcm
the flight measurements and the tunncl measurement of pressure drag.

* See footnote in Section 4.3 and Section 4.5 of Ref. 29.
19
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TABLE

Details of the Models

Length (co)

Span (2s5,)
Plan area (S
Volume (V)
Surface area
Sting-shroud diameter
Sting diameter
Planform parameter (p)

Aspect ratio

cleg
= V]§32
V|Sé
. T cot
K/Cpo = 155 S v

60 in.

24-96 in.

674 in.?

726 in2? (excluding sting shroud)
1420 in.? (including sting shroud)
2-60 in.

2-10 in.

0-45

0-924

0-616

0-0415

0-040

406-5

Moment reference point at 0-5¢ (i.e. at centre of plan arca)
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Fi1c. 4. 'The thickness distribution—chordwise sections.
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NOTE:
THE VERTICAL AND $PANWISE
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spanwise sections,

23

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8



Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

- 2 3
WINGS 15-18 © cgSu) = -i4e ) Sy, = -75

———————— LORD ¥ -7 -4
——— —— NEWBY -2 -48
20— —— -~ I S
R

ro———— 4 ——— - <
Ky S —
N
Lz e \
A N
A AN
v v N \ \
o8 L / . - \\ \\\
// o A
// / A
) ")
3 / N
5 ol A
° ol o2 -3 04 o5 06 o7 08 0-9 o -
X,
7c,

I16. 6.  Cross-sectional area distribution.

24

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8



Y4

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

T

-~ WING 16
~ ——WING 17
——————————— ~N ~—==-= WING 18
o-02 T~ \\
S
NS
}/Cn \ \\\\\
\\\
s o2 4 z, o6 o8 -0
7
o
F1c. 7. Centre-line camber, wings
16, 17 and 18.
oo \
PN
) /o IO
+ 005 74
\,
7, \,
1 L0 Sz \ 4
2 Z A
o AN 7
g o2 o4 x, O6 \ /1o
CO
\ N
~0-05
wING 16
——— wING 17
——————— WING 18
~010 1

F1c. 8. Chordwise variation of camber
loading for wings 16, 17 and 18, as assumed
in slender-wing theory.

x
/co

06

NOTE:
VERTICAL % SPANWISE
OIMENSIONS MAGNIFIED (x2:4)

— —— WING I8
wiNG 17
______ WING 18

SHOULDER
POSITION

F16. 9. Details of wings 16, 17 and 18.

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8



Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

STING SUPPORT
(FORCE TESTS
ONLY)

STING SHROUD (2:6" DIA)

2496

“MOMENT REFERENCE PT. T
- L]
. o 60
) = —— - ==
- 7 T
- e
- //
<\\ d
~
N _+” SUPPORT FOR PRESSURE-PLOTTING MOOEL
“
N~

Fi1c. 10. Details of model supports.

26

1

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8




L

Approved For Release 2002/10/16

o8

.

o7
4
/i
7
! ! 4
; i 4
| | | : /‘/
N J\ T ! 7
. 7
! ' i
4
y/
7 .|
b 7
4
i 4
CL i’
| W
i " 4
04| . i 4
| 4
' y 4 :
! 4 , i
o3 I A ; —
y A
4 : ]
4 :
4 ;
! |
o2 /I l I
/i ‘ | WING 15
/,’ — — WING 16
/ —-— WING 17
2 WING 18
4
T4 |
|
i
) ¥ T O .
4 8 2 16 20
\ | <o |
\ | i |
] : ; B J
Fic. 11.  Lift vs. incidence, M = 0-3.

: CIA-RDP71B00822R000100080002-8

0-05 T T T i
' WING 15
——— WING 6 |
———— WING 17 l
E— — WING 18 d
‘ 004 ‘ N 1 ‘ 77
) N 7
2
s
0.03t— - : “
Ll v
Cm »ar/// A
002 +
o AT
Pra 1
=T ) | |
I — 2= —=
\.\__.,.’:—‘r_""'/// /“7
|
o7 ° Yol oz 03 o4 o5 0% °7
S I ’
L -0-0it L I I

F1c. 12. Pitching moment vs. lift, M = 0-3.

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8



Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

0'-45
0-40
C-35
—— WING |5
T e S
omo x___~-I WING 18 V/ J
R | 7 ‘
; /77 | i
o /{ A *f
C. ; A/
a-20 4////
/]
/
(-1} } //1
///
- 774
//
7/
0-08
7
V4 |
cc 2° - € 8° w° 12
ES

F1G. 14,  Lift vs. incidence, M = 0-8.

T 024 [— T T T
l ——— v:::l'z% ':3 | ‘ //
‘r——o-ac: ————— WING 18 //
‘ | 2
8 ! | /
——016 !
/
Co
-/
e v
L 60 /
>
; _ L
-0l o +0 o2 (£} . Q- =% oe o7
F16. 13. Drag vs. lift, M = 0-3.
Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

o




62

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

—o-cas /
—ee  \WING 1S /
— — WING 1§
——e— WING /
————— WING 18
|—o-030
— ozs ‘ /
. : —o- ;
o PR —— T
—— wma e i Co
—_— WING 17
—_——— WNG 8
os — 020
s Sty
\ ks S S
-~ H
ane T~ —oo1s
Cm T
i
L —o-0i0
- o +o [-NL} %] o28 0 ozs
T \ =% \
o N —— e — —0-00!
——
——
- Toe -9-08 °s +008 ) 015 020 oes
<
F1c. 15, Pitching moment vs. lift, M = 0-8. Fic. 16. Drag vs. lift, M = 0-8.

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8




0¢

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

—— WING IS

—_— WING 16
———— WING 17
————— WING 18
o020 7
//
Z}
7
F—o0-16 5
7
e,
“ /;/
Loz 4
o
Z
2
0 4 3 L
008 s i
i = I
4»’ { | I
L —o0 o Il i
4/} | | l tera
- i i {
2L : | |
- o +1° 2 * - < [y [ r [
’
——0-20

Y

| | w4
P i ; |
-¥ [ i 2* 3¥ -¥ 8° . 7°
(23
Fie. 17.  Lift vs. incidence, M = 14 and 1-3,

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8 .

020

WING 18
WING 16
WING 17
WING 8

| p !
- ) I
(5] L -
- o +1* 2 EY -* s* &* ™™ 8
<
r—-o-a T
o
Pz
—0-ie o
c -2
P ia
—o-2
. d
¢
,/
0 OB y
2
///
x,
> |
' Tmeaz
= ! ;
/ i | i .
-1 o +1* et 3* -* =* 6* hd s
<
F1c. 18.  Lift vs, incidence, M = 2-2 and 2-6.




53

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100680002-8

~+00080,
Me2:6
™.
NN
\:Q\ Maz2
NN N N
- KX +o42 46 _ o2
o Sl —p el NN
Cm ST T h—, ) N
| - \‘\ N
00040 == RN
~~ - —20 IS
..... 004 otz
\ N \¢ os O
T~ RSN N -
L e P
0008 L=0-0040 >~
~
—_— w5 ‘ ~N ~
—— —— WING 16 Cm =<1
——  WING 17 |-ooos l =
————— WING 18 00080 ' \ {
00120
| "
s ‘ ! | 1\
M 00120

N WING 15
N —_—— WING 16
1 \\\\\ ——— WING 17
N _——— WING 18
F+o0040 § AN o
ST I T
\\\ \\ \\ l M=i-8 ‘
N AN :
-004 PN +004 \\ 1 o16 . 020 X
L A
N, \‘ \\\\\
NS N \§

. .
0040 S N o o
\ \\ . <004 +0-04 O 008 - o-iz o8 o

Cm

N
loooso \\ ~ \\\ L-0.0040 \ S ~ T

~
00120 \ 00080 <%
F=0-0160 \\

r=0-0120 1
i
1 | ‘
00200 200160 .
F16. 19. Pitching moment vs. lift, M = Fic. 20. Pitching moment vs. lift, M =
1-4 and 2-6. 1-8and 2-2.

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8




. Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

——0-024 . — —oot4
A
/,
- M4 /, Mei8
o-oe0 - 77 F—0-0 20 e
7 {—— winGg 18
4 —— WING 16
2 ——— WING 17
—o0i6 }—— ] ] | o6~ WING 18
C, / / .
ooz - | ootz f — |
'\\\.
Q = :\:i.. -~
[ 0008 — 1 e —o0-008 _
F——0-Q04 4 - 4 — ro-ocm
o] e —
-0-04 [ 4+ 0-04 008 012 ol -004 o +0-04 0.08 PP
CL Cy

¥i1g. 21. Drag vs, lift, M = 1-4 and 1-8,

0-024 X - 7———1 —— 0024 - -1
1 Me22 /// Me2:6 /
——0020 - / L 6020 i . _
WING (5
— ——  WING 16 /
——-——  WING I7
————— WING {8 A
0016 7 —ocois E——
Co Co
0-012 -~ ——o-0i2 -
\m_— R & _
0004 —— | ——0-004
[] o —
-0-04 o +004 0-08 o2 016 -0-04 Q +0-04 o008 o2 016
Co Co

¥i1c. 22. Drag vs. lift, M = 2-2 and 2-6.

32

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8



Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8
\

OO p— —
64 /
oO0B}F — — - - 4 4
il
65 e
”~ r /
ooef- — a.c(% c,) Pl
o ’/ Pl
E.C_'L [—e6 // ‘/
aCL ///
- /
oo4f ——— | — - L ]
L &7 / / /
/4/ //
0021~68 —-~w~7é/
69
[+]
[«] o o2 o3 o4 . o5 o6

Cu

IF1G. 23. Variation of aerodynamic-centre positions
with lift coefficient, M = 0-3.

72
Cattin+ 178 %
acﬂy =Q
—~ ( ach
L] .o
J 68 \\ t
. .
N
: \
< P
64 \
\
&0
) o2 0 4 o6 da
CL

F1c. 24. Variation of aerodynamic
centre of non-linear lift; wing 15,
M= 0-3.

33

(87542)

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8



Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

e it e il

0-Q[0
1
0008
MEASURED Co, E
o006 b-— —— 4 - - . © MEASURED Cp + SHROUD CORRECTION - ESTIMATED Cp __ !
© MEASURED PRESSURE ORAG
c
° DASHED SYMBOLS DENOTE LATER TESTS
0:004 |- N
i
0-002 b = :
&
—_ ~SHROUD CORRECTION ;
o :
12 I-4 -6 '8 20 22 2:4 26 28 E
' M 4
(a) R = 107,
[aJelle) [‘
4
0008 - - - T \y\‘
i\u_
& MEASURED Cp
9:00& |-~ — @ MEASURED Co +SHROUD CORRECTICN - ESTIMATED Cp | ‘
c © MEASURED PRESSURE DRAG 1
D 1
. 4 - !
000 =
T
'\‘)\ T—e —_— —_—
— ] _
P —————
©-002 —
13
~\_4'5'i”° CORRECTION
1
. N
-2 -4 6 8 2:0 22 24
M .

(b) R = 1-5 x 107 (later tests
Fi16. 25.  Analysis of zero-lift drag of wing 15.

34

).

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8



Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

@ MEASURED PRESMSURE DRAG
———— ——— SLENDER ~WING-THEORY

WAVE
——-——= LINEAR-THEORY } AVE DRAG

4
Ko = "/128 CD/V2 Dw/q'

\_
o\\.\_\

12 _“M\SK:
\ N
\\

ﬁu\

[ |
Mxl4 16 8 o 2 24 26 28

ol o2 03 o4 05 06
ﬁsf/c X
I16. 26.  Variation of K, with Mach number,
wing 15.
35

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8



Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

LINEAR THIN~WING THEORY
______ SLENDER ~THIN -WING THEORY -0-05} ™

MEASURED VALUES (R =15 »107)

-0-05
Ce
o)
-o0-05f Y5, 20176
_ +0+05
Ce s RN
// . Y a -
o o3 oa 05 06 57 0B S o
N
x ~
/Co N
<
N
~
+005L
Y% 2 009
-0 2
os% 75t —
Cp
o .
/
o/
/
/
o/
/
-0:05( +0'O5f /
Cp
°
+0:05
+ouol

Fre. 27. Comparison of measured pressure distribution for wing 15, at C, = 0, with two
theoretical distributions. M = 2-2.

36

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8




Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

i

- oAlo — J— -
e o Mxi4
o X Msig
/ a M=26
-0:08 4- /_,/ amg -00f— o — /(—""
-2 a -
/
Cp 'J"’/ . b Cp V/./, L
. (] A -t
o oSt ] -00% £ '/:’”*/P*‘!
/’r 0-4 06 oa o —
/ 5
rd ~
// s s T
/ /‘ e *
+0-08 o - -
I o ////d’ <7 o4 o6 ora
Yg,= 0336 / Y5, = 0656
+010 T T T T 1! +0-05 T T T T T
% 205 o6 o7 o8 o9 10 X/om OTS 080 085 090 095
~040 ——— — — —_ —
o Mal-4
A M:2e /-”\
-0.08 = ] _ . r',‘r
5—1° — - (/f‘
Cp " RN S AR,
e B -
o & T~ e’
° A Tt g ?ﬂ/
> 0-7/ e o3 gm—— 8.5 06 o7 08 0% [He]
: §
y /
+0.08 £ —_—r—
o
+ 010 ,// +4— — - e —_ — -
af
/ S/sr 2 0-032
+ 015 — e
T 1 T i I T 1 T i
X, ® 0l o2 o3 o4 o5 06 07 08 09 10

16, 28.

Variation with Mach number of zero-lift pressure distribution for wing 15.

37

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8



8¢

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

2.5 .
C L2010 \ /{‘/g
20 I ‘ ot 1
K | = | ]
K+ nA (cl,-c,,.)/c‘.z ‘ o{,? i i
5 = | i i 4%
WHERE Cg, 18 ZERO-LIFT DRAG " ,;J/ K1075+064 84 ! |
COEFF. OF WING 15 e i
G " : |
|
x WING 15 1ol :
+ —— WING 16 ) o1 02, 2.4 O3 o4 o5
° —— WING 17 2Pt e
A ————— WING 18
Ms: 14 e 1B 20 22 24 26
2s 25
c co2 C 10078
- -~
O
20 /‘//“( ‘-/4 20 = _ 4
. ~ . 4
/;,/ / . B ‘@//‘l'
‘//V). K » et
- L= 7‘1’
'8 el 5 =i
== = : —
[ o
- o >
-
1 1
o } J o btz el e+ 20 | 22 4 2:6
<] ot 02 .,., O3 o4 os ° o1 oz , o3 o4 o5
2@%Sc 28% 8ot
[ | | | | |
Mat4 16 I8 20 22 24 26

F1c. 29. Variation of drag-due-to-lift factors with Mach number.

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8




6¢

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

3.0
28
K
20 —
- \
nA
" L~ " Re076 4064 A
K T
2] " ‘ } )
.
v s o1 o2 o3 o4 o5
2
2/ ST/C.;
Fic. 30. Lift-dependent drag of the plane
wing, C, = 0-10.
a  WING | REF. 1S
4 WING B REF 16\,
e WING 9 REF 17( 7,025
+ WING 13 REF 19
X WING 15
25 t
Sy 20433
\ . ,5 . |Q
20 —
nAx, \ .- i,
c. ,ﬂA-ISO
Crol !
s k : i f {
{ i i
’ ! )
| | ;
5 b ' i i
ro L i i ]
040 045 050 Q55 0460 o6s 070

Pr2sSy = e,

N

H ot (o200, ity & frelone winge
Vo Vaudbadoa o edac O Wit prtr plans Tnge

——o—— MEASURED VALUES o0

———n——— MEASURED VALUES G« >3"
——————— 'NOT-50 -SLENDER’ THEORY
——=-—— EVVARD'S APPRCX. THEORY

2:0

(] e =Y

\\A | X
2 i —
J
a, | N T———— 7]
Y ‘
PER RAD
o8
O Al L
| H |
; | ‘ ‘ i
i ! : i
1 i 1" ' i I t [}
oM ia, 1 18 2o | 22 24 2.6 24
° o085 X 30 020 025 o3
e
B

Fic. 32. Variation of 8Cp/d«x with Mach number,
wing 15.

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8



14

Approved For Release 2002/10/16 :

e MEASURED VALUES C t0O
—r—— MEASURED VALUES C_: &
———————— ‘NOT- 50- SLENDER® THEGRY
= EVVARD'S APPROX. THEORY

CIA-RDP71B00822R000100080002-8

ooz —
l L )
G 0075 P
\\ \‘\:
o008
\\J Fe
scn P | &
\s._\\ M~ le I
S~ e |
0004 == ] «
P~ —— 3. Y
© . : o
3 6 8 20 22 24 26
M)

F16. 34, Variation with Mach number of
AC,, at constant C;, wings 16 to 18.

TTH

— v WING 16
—— WING 17
—————— wING 18

MINIMUM (Ac,)‘b’_'ro TRIM AT C_=0-078

o012

cr sHiFT (Yoc,)

g
&m /7
=/ H\J I— '
. / 0-008 —
o-onb—~ " ——l¢
/ S~
S @[~
] /" ~ T~~~ -4
/ | . 0004 g = = .
c-oﬂ?Lﬂ*‘**_**—{‘- - : i ' \N“> —_—— r2
: ! ‘ ““ﬁ C T TR T ——
( | ‘ ! I ° 1 - °
| ‘ : ‘ ‘ . , 4 e 3 20 22 24 25
cl__M=14. 16 18 20 o 22 24 26 28 "
© 008 o0 o -2 -3c 1
° 5ﬂ15§ oee o o3 Fic. 35. Effective AC,, for C; = 0-075,
< winee 14 +~ 1R
FiG. 33. Variation of — 4C,/dC, with Mach

number, wing 15.

Approved For Release 2002/10/16 :

CIA-RDP71B00822R000100080002-8

. b}



"Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002:8

B
]
S
=
T
—
——— — g )
°
° o008 010 015 o020 o-25
2sey 2
PSTs
| | | | | | |
M: 14 16 1B 20 22 24 26
o-0lo T 1
—— —— WING |6
— - —— WING 17
———— WING 18
d <] 1
soos §i DESIGN PTS
- B\
— Y
k#
\~
Y
0006 \
C \
AN
©-004 | ~
" \ !
N \ |
M \
N i
0002 Al ™~ —
~ ~—
No IS
\\
~ -~
[} . ~ =
o 008 oo o1s c20 o2s
'S 2
Ve 3"/C,z

F16. 36, Variation of C7, and C,,, at design
attitude with Mach numbe:, wings 16, 17
and 18,

UNDISTORTED
MEAN SURFACE

DISTORTED MEAN
SURFACE

a3,(=+4)

STING SHROUD
(RADIUS 1)

ton 'z 2-1)

Pre 27 Natatian for Avnendly

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8



Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

0-019
N o
M o
_—
—
0-008 B
x\
MEASURED TOTAL DRAG ~——
—~
0-006
> T —t. MAX H.T.
Do ] T e
I MOST PROBABLE ——+ —
0-004 S EAT TRANSFER b ESTIMATED WING
o —— FRICTION DRAG
2ERO H.T. b —
0002 ; }
ESTIMATED FIN + STING DRAG
0
I-4 ) I8 20 22 24 26 28

LA

Fic. 38. Free-flight measurements of zero-lift drag of wing 15.

FF16. 39. Free-flight model.

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8



Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8

T

0006 |——— 4 U —

% === --—— APPARENT WAVE DRAG, TUNNEL, R =i0*
——O0——— MEASURED PRESSURE DRAG

0004 |——— -

0002 |—— -

26 28

I'1c. 40.  Comparison of free-flight measurcments with
tunnel results,

43

(87542) Wt. 64/1857 K5 8/63 Hw.

Approved For Release 2002/10/16 : CIA-RDP71B00822R000100080002-8



. Appro;led For Release 2002/10/16

. CIA-RDP71B00822R000100080002-8

533.693.3:
533.6.011.34/.5:
533.6.013.12/.13:
533.6.013.15

AR.C.R. & M. No. 3328
December, 1961
C. R. Taylor

MEASUREMENTS, AT MACH NUMBERS UP TO 2-8, OF THE
LONGITUDINAL CHARACTERISTICS OF ONE PLANE AND
THREE CAMBERED SLENDER ‘OGEE’ WINGS

Measurements have been made of the longitudinal characteristics of one
plane and three cambered slender ogee wings (p = 0-45, s, /c, = 0-208)
at two subsonic and eight supersonic Mach numbers up to 2-8. The tests
also included measurements of the zero-lift pressure drag and support
interference of the plane wing. The results have been analysed to give data
for estimating the performance of supersonic transport aircraft.

533.693.3:
533.6.011.34/.5:
533.6.013.12/.13:
533.6.013.15

A.R.C.R. & M. No. 3328
December, 1961
C. R. Taylor

MEASUREMENTS, AT MACH NUMBERS UP TO 2:8, OF THE
LONGITUDINAL CHARACTERISTICS OF ONE PLANE AND
THREE CAMBERED SLENDER ‘OGEE’ WINGS

Measurements have been made of the longitudinal characteristics of one
plane and three cambered slender ogee wings (p = 0-45, spjc, = 0-208)
at two subsonic and eight supersonic Mach numbers up to 2-8. The tests
also included measurements of the zero-lift pressure drag and support
interference of the plane wing. The results have been analysed to give data
for estimating the performance of supersonic transport aircraft.

533.693.3:
533.6.011.34/.5:
533.6.013.12/.13:
533.6.013.15

AR.C. R. & M. No. 3328
December, 1961
C. R. Taylor

MEASUREMENTS, AT MACH NUMBERS UP TO 2-8, OF THE
LONGITUDINAL CHARACTERISTICS OF ONE PLANE AND
THREE CAMBERED SLENDER ‘OGEE’ WINGS

Measurements have been made of the longitudinal characteristics of one
plane and three cambered slender ogee wings (p = 0-45, sp/c, = 0-208)
at two subsonic and eight supersonic Mach numbers up to 2-8. The tests
also included measurements of the zero-lift pressure drag and support
interference of the plane wing. The results have been analysed to give data
for estimating the performance of supersonic transport aircraft.

533.693.3:
533.6.011.34/.5:
533.6.013.12/.13:
533.6.013.15

AR.C.R. & M. No. 3328
December, 1961
C. R. Taylor

MEASUREMENTS, AT MACH NUMBERS UP TO 2-8, OF THE
LONGITUDINAL CHARACTERISTICS OF ONE PLANE AND
THREE CAMBERED SLENDER ‘OGEE’ WINGS

Measurements have been made of the longitudinal characteristics of one
plane and three cambered slender ogee wings (p = 0-45, sp/c, = 0-208)
at two subsonic and eight supersonic Mach numbers up to 2-8. The tests
also included measurements of the zero-lift pressure drag and support
interference of the plane wing. The results have been analysed to give data
for estimating the performance of supersonic transport aircraft.

Approved For Release 2002/10/16

: CIA-RDP71B00822R000100080002-8




