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Zero-l1lift drag measurements were made on a series of wings proposed
Tor a aevelopment of the Javelin. A comparison is made between the perfor-
mance of the k.l ving (g = 0,10), the proposed wing (% = 0.07) and two
wings having varying thickness:chord ratlios and high rates of sparwise
thicknesa topor near the root,

Models of the complets aircraft were also tested to investigate the

reductions in drag obiained by a limited application of the arca rule.
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1 INTRODUCTION

The Javelin was designed originally as a fighter for high-subsonic
speeds and a wing thickness:chord ratio of 0,10 was considered suitable for
the required per{ormance, During the development of the aircraft a proposal
was made to improve the performance at high subsonic Mach numbers and
poasibly to extend the spesd range to supersonic Mach numbers by reducing
the wing thickness. The original suggestion was for a constant-section
wing with a thickness:chord ratio of 0,07 but various experimental results
obtained on similar wings at the Royal Aircraft Establishment had showm
that additional improvements could be achieved by varying the wing section and

that these varying-section wings, since they allowed the 0.10% w0 be retalned

at the root, were structurally more efTicient than those of constant secotion
and constant thickness:chord ratios.

The initial free-flight model experiments were therefore designed to
compare the zero-lift drag valuss of the various section distributions
suggested; these initial models consistoed of wings with simplafied engine
nacelles mounted on a parallel-sided basic body.,

While these experiments were under way, the implications of the sonic
and supersonic area rules were being examined. As a result of this exami-
nation a second scries of free-flight drag experiwents was undertaken on
camplete models of the aircraft having various modifications indicated by
the area rule., All these complete airoraft models had a varying thickness:
chord ratio wing designed by the methods of Ref.1 (wing 3 in the following
description).

2 DESIGN PRINCIPLES

The prinoiples behind the modafications used here to improve the
performance of tho wings at high subsonic speeds are described in detail
in Ref.1. Briefly, the aim is to counteract the effective loss in sweepback
which occurs at the root of a swept wing by employing root sections having
their maxamum thickness further forward than the outboard sections.
Additionally, use is made of the beneficial effects of spanwise thickness
taper on supervelooities to incorporate sections at the root having higher
thickness:chord ratios than those elscwhere on ths wing2:5.

Thus, compared with the constant -'-té-, RAE.101 section wing, the ‘optimum'

wing (wing 4 below) has thicker inboard sections with their maximum thicknsss
further forward and thinner outbcerd sections changing to RAE, 104 at the tip.
Thus the maximum thickress line is more highly swept bthan on the wing with
constant sections,

The various modifications investigated in this programme are illus-
trated in Figs.3 and 4; they are sumnarised below and in Table 1.

Wing 1 : The Mk.1 Javelin wing, < = 0.10, RAE.%01 section throughout,

Wing 2 : The original suggestion for reducing wing-drag, -E: 0,07,
RAE. 101 section throughout. Note that this and subsequent wings differ in
planform from wing 1.

Wing 3 : The wing proposcd for the Javelin developmcnt. This is
designed according /to Haines' concepts but some compromise to the 'optimum’
design has been accepted to meet certain stowage problems in the aircraft.



Wing 4 : The 'optimum' design. Compared with wing 3 this has a thinner
root section of % = 0,10 in place of 0.11 and a higher sparmvise thickness
taper near the root.

Additional details of the wings are given in Fig.? end Table 1.

The design concepts underlying the area rule have been described at
length elsewhers (e.g, Ref.h). The design of the development Javelin (using
wing 3) had been fixed before the gains in overall drag reduotion that could
be achieved by area rule were fully appreciated and the application of the
area rule to the second series of drag models was severely restricted to

modifications which were practicable without radicel alterations to the
aircraft structure.

As is often found on delta wings which constitute a large part of the
crosg-sectional area, the overall sonic area distribution of the Javelin is
reasonably smooth and symmetrical (Fig.45). The principal departure from a
smooth curve arises from the coolpit canopy and the intakes; hence the

initial fuselage modifications were designed to smooth out the fore part of
the area distribution.

The resulting designs of the complete aircraft models are illustrated
in Figs.10 to 13 and are summarised below and in Table.d,

Model A : The Javelin development (wing 3) having in place of a tail-
plane a body of revolution with the same sonio area distribution.

Model B : Model A with the addition of a fairing under the forebody
and with the intakes swept back 40°. These modifications gave an improved
sonic area distribution.

Model C : Area rule applied in the form of a fairing under the fore-
body and e slightly raised and "idealised' cockpit canopy with the intakes
swept bagk 65°, The aim cf this design was to provide an improved super-
sonic (M = 1.3) area distribution,

dModel D : As for model B but with the addition of side fairings on
the rear fuselage to improve the aft sonic area distribution,

3 EXPERIMENTAL TECHNIQUE AND DESCRIPTION OF THE MODELS

The general field technique was the standard one for free-flight
model tests®. The models were launched from the ground and tracked through-
out their flight by kinetheodolite cameras. Only the coasting part of the
flight was used in the drag analysis.

3.1 First series models (wing-drag models)

In the construction of these models the rocket-motor provided a rigid
mexber to which the wings were clamped and hence formed an integral part of
the model structure. A smooth exterior was obtained by enclosing the motor
within a gylindrical resin-bonded paper tube to which a perspex nose was
added {Figs.1 and 2).

The flow over the wing roots was maintained as represevtative of the
complete aircraft as possible by the fitting of wooden fairionzs geometrically
similar to the aircraft fuselage and engine nacelles. Owing to the presence
of the built-in rocket-motor it was mot possible to permit air to flow through
the engine intakes and so these were rounded-off by ellipsoidal fairings.



The scale of these wings was 1/10th full-size.

Longitudinal acceleration was teleametred from equipment contained
within the perspex nose and an additional measurement of acoeleration was
made by means of radic reflection Doppler.

3.2 Second series models {complete aircrafit)

These models were 1/15th scale aircraft with the various modifiocations
already described. The intakes of the models permitted an entry flow com-
parsble to that of the full-scale aircraft cruise condition. The entry area
was directly scaled from the full-scale aircraft and the exit area was
chosen to give an entry Mach number of approximately 0.80 for choked exit
condibions, i.e. at flight speeds between M = 1.0 and 1.3. No duct-flow
measurements were made because of space limitations; +the duct internal
drag was assumed to be the same for ell models.

Telemetry eguipment meacuring longitudinal acceleration was housed in
the forebody of the models,

The models were launched mounted pick-a~back fashion (Fig.1)) on two
5" diameter rocket-motors from which the models separated when the rocket-
motors ceased to burn.

The radic reflection Doppler method of measuring acceleration could
not be used on these models because of the mixed echoes returning from the
rocket-motors and the separated models.

4 RESULTS AND DISCUSSION

L.1 Tirst series models (wing-drag models)

The results from these tests are presented in Fig.8; a further
presentation on the basis of transonic similarity as suggested in Ref.b
ig made in Fig.9.

The modifications proposed in Kef.1 to improve the high subsonic wing
performance of the Javelin are presented therein as schemes I to V. Scheme I
refers to the constant % = Q.07 wing which is wing 2 of the present tests.

Schemes IT and ITII refer to varying thickness:chord rabio wings which have
been closely represented in wings L4 and 3 respectively in the present tests,
Sohemses IV and V were abandoned.

The differences between the wings proposed in schemes II and III and
the actual wings tested are illustrated in Fig.5. These differcnces are in
detail only and the design concepts are therefore thought to be valid.

It should be noted, however, that

(2) The design caloulations of Ref.! refer to conditions of Cp = 0.2,
whereas the test CL was gzerg and

(b)  Although body effects are considered in Ref.1, the assumed flow over
the wing roots may well have been modified by the presence of the faired
intakes on the models.

Thus the present tests cannot give a final assessment of the relative
eff'locacy of the modifications.



In Ref.1 ths performance predictions for schemes I, IIL and II are:-

(cL = 0,2)

Schems My
I 0.93 (wing 2 of the present tests)
11T 0.95 ~ 0.96 (wing 3 of the preseni tests)

II 0.965 - 0.97 (wing 4 of the present tecsts)

where Mb is defined as the free-stream Mach number at which Cp is 0.005
above the low speed value.

The test results (¥ig.8) show thav the drag~rise characteristics of
these wings are qualitatively in agreement with the sugsested trends but that

there is not such a marked difference between the constant %-wing (Mb==0.095+)
A"

and the others (¥p = 0.96) as Haines caloulated. In this connection it should
be remembered that the calculalions were for Cr, = 0.2 and for the wing alone,

whereas the experimental drag values are for Op = 0 and the complete test
vehicle.

The merked decrease in drag &t all Mach mmbers of wings 2, 3 and )
over the Mk.I Javelin (%-: 0.10) wing is clearly demcnstroted.

Correlation by the transonic similarity rule is illusiraled in Pig.9.
The collepse of the results is sufficiently good to indicate that the refine-
ments in desipn suggested in Ref.1 are having only a minor influsnce on the
drag characteristics at ftransonic and superzonic speeds and that for all
practical purposes the mcan thickness® (other ihings being egual) is an
adequate guide to the transonic performance of the particular configurations
tested.

An attempt was made to correlate ithe measured reductions in drag-rise
with calouiated reductions using the sonic area rule. It was thought that
drag reductions similar to those measured might have been achicved by
applying the area rule to the wing-alone design, thus allowing a possibly
greater freedom in volume disposition that that allowed by lhe more detailed

* Values of mean thickness:chord ratic wer:s obtained using the relation~

ship of Ref.3:-
3
3 1 [ ,4.5/3
z'-‘['s“f(z) -C-Gv}
o]

effective mean thickness:chord ratio

3/5

where

i

local thickness:chord ratio

It

Q ol alet]

local cnord at distance y from the wing centre-line
8 % wing semispan

8 = area of the half wing



subsonic theory, but confirmation of this point was made very difficult by
the small differences in area distribution between the wvarious wing-drag
models.,

For completeness, area disteibutions (M = 1.0) are shown in Figs.6
and 7.

4.2 Second series models (complete aircraft)

The results from these tosts are presented in IFig,16. Sonic area
distributions for all these models are presented in Fig.15.

The sonic area distribution of the wmodified aevelopment Javelin
(model A, Fig.15) is clearly reasonable and the gaine ab sonic speed from
a redistribution of area within the lindted practicable soope were nob
expected to be great, This is confirmed by the messured transonic drag-rise
(Fig.16) s which indicates that the redistribution of area has had little or
no effect on sonie drag although some improvement at M = 1,2 is apparsnt,
i.e, sbout 17% in wave drag*.

The higher subsonic drag levels of models A end D (Fig.16) may well
be dus in part to the unswept intakes of model A and the larger effeclive
base area of model D because of the reaxr fuselage fairings, 1t is clear
that the performance of model D has been affected adversely by the application
of additional cross-—cectional area without regard to its effect on nonwave
drag. Model B is the same configuration as model D but without the rear
fairings; a comparison of the drag rise of these two models (Pig.16) indi-
cates that were it not for the large viscous offects of the rear falrings
whicl, undoubtedly arce present at all Mach numbers, the perforrance
of* mote]l D would have beern censidorably improved.

5 CONCLUSIONS

5.1 Ving design

In an attempt to ease the stowage and structural problems assoclated
with reducing the thicknessichord ratio of the Javelin wing, various wing
designs having a common planform and differing spanwise thickness:chord
ratio distributions were suggestad. The zero-lift drag measurements of the
present investigation indicate that:-

(a) Compared with the wing of constant thickness:chord ratio a wing having
better stowage and structural characleristics can be achicved withoul transonic

drag penalty if its mean -g- ratio is the same as tnat of the wing with constant

z
c.

(b) However, rather less benefit in drag rise Mach number was obtained
from the section modifications than detailed estimates had suggested. This
may be due in part to the differcnce in 1lift coefficient between measurement
(C, = 0) and design (G = 0.2).

5.2 Area~rule modifications

Minor modificaticns to the alroradt fuselage to try and ilmprove the sresa
distribution of the complete aircraft produced little ef'fect at sonic speed
but did reduce the wave drag at M = 1.2 by about 17%.

* But note that although the improvements are smell the 'area-rule' model
has achieved its performance with an appreciable increase in the volume of
the fuselage forebody.

-8 -
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LIST OF SWBOLS,

Aspect ratio

loecal wing chord

total drag coefficient at zmero 1ift
1ift coefficient

relevant length (Migs.6 and 7)
free-stream Mach humber

Mach number at which drag coefficient is 0.005 above low speed
value

Reynolés number

cross-gectional area

S.M.C. = standard mean chord

"E‘ = maximum thickness:chord ratio

g = effective mean mexdimum thickness:chord ratio

x = relevant distance (Figs.6 and 7)

¥ = ratic of specific heats (1.4)

& = drag-ri P13 t = total)} = low speed

Cp, ag-rise coefficlen Cpg, (total) Cp, (low speed)

= fraction of wing semispan
Arp = sweepback of wing leading edge
A I% = sweepback of wing quarter-chord line
A = taper ratio, ratio of tip chord %o root chord.
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Wing=draz models

TABLE 1

Summary of models

. . t A . A
Model Description A = IR Section (Gross)
1 |Mk.I Javelin wing (0.0 | 0.10 | 47.6° RAE. 101 2.58
2 Original suggestion| 0,196 0.07 | 48.0° RAE, 101 2.95
for reducing wing
drag
3 | Proposed Javelin 0.11 o | Seation II (Ref. 1)
develoiment 0.196 | 0.065 | 48,0 RAE. 102 295
0.050 RAE. 0L
5 'Optimum' wing of 0.10 Section II (Ref.?)
Ref .1 0.07 0 DAL 100 as
0196 | 4065 | 45+ LA . 101 295
i - 0,050 RAL, 104
Complete aircraft models
Model Deacription
A Javelin development aircraft using wang 3. Tailplanc replaced oy
a body of revelulion of equal sonic area distribution. DNo area
rule,
B As model A but with improved somic area distribution forward of
main spar datum. Intakes swept ).;.00.
C Aircraft with area distribution designed for improved performanhce
at M = 1.3. Intekes swept 65°.
D As model B but with side felrings on rear fuselage to further

improve soenic area distribution.

Printed in Bngland for Fer pajesty’s Statiomery Office by
the Royal Avrcraft Fstablishkment,” Farmborough. h.1,53.7U.,
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FIG.14. BOOSTING METHOD-COMPLETE MODELS
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FREC-FLIGHT :[ODEL DRaG (FASURLC,TNTS Gif « TRAMSCHIC
FIGHIEN (CLOSID JAVILIN), Greemnwood, G.H. 1lov, 1958,

zero 11ift drag measirements were made on a series of wings proposed
for a developuent of the Javelln. A& ccmparlson Is made between the perfor~

nance of the 1,1 vwing (% = 0,10}, the groposed wing (5 = 0,07) and two
v

wings having varying thickness:chord ratlos and high rates of spamwise
thickness taper near the root,

tlodels of the complete alrcraft were also tested tc Investigate the
reductions in drag obtained by a2 limited application of the area ruile,
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FREEZ=FLIGHT HODCL DRAG (EASURE ZUTE Ol » TR uiSOJIC
FIGHTER (CLOSTER JaVELLJ). Oreemwcod, C.H, 1iov,1958,

Zero 1ift drag measurements were¢ made on & Series of wings proposed
for a2 develorment of the Javeiin, & canparison 1s nade betiieen the perfcor-

nance of the 1,1 wing (f = 0,10}, the proposed .ing (f = 0.07) and tvo

vings having varylnz thickness:chord ratlos and high rates of spamwise
thickness taper near the root,

1fodels of the complete aireraft were ziso tested to investlgate the
reductlons In aag obtained by a limited application of the area rule,
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FROZ-FLIGHT MCDEL DRAG IEASUREIDSITS O A TRANGQITS
FPIGHTCR (GLOSTER JAVELIN), OGreenwood, G.H. Nov,1958.

Zero lift orag measurernents .ere made on a series of wings proposed
for a development of the Javelin, » ccamperison is made betieen the perfor-
mance of the hk,I wing (% = 0,10), tne proposea wing (g = 0,07} and two
wings having varying thlckness:chord ratics and high rates of spamwise
thickness taper near the root,

hodels of the camplete zircraft were alsec tested to investigate the
reauctions in drag cbtained by 2 limited application of the area rule,
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