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Measuremcnts have been made ol the 1lift, drag and pitching moment of
three ogee models and a wing-body model, all having a slenderness ratio
(semispan/root chord) of 0,209. The associsted surface flow patterns were
aliso obsurved.

Althoupgh the models were symmeirical and did not represent strictly
comparable {ully optimised designs of possible layouts for a supersonic trans=
port, some useful low-speed acrodynamic comperisons between the integrated or
ogee models and thie wing~body model were obtained. The results show:-

(1)  very similar 1ift characteristics,
(ii) a slightly smaller drag for the wing body model,

(1311) beotter static longitudinal stability characteristics for the wing-

body model, cspecially when the wing planform woas not faired smoothly into the
bodye

Attempts to improve the longltudinal stability of one of the ogee wings,
by minor plenform modifications at the rear of the wing intended to reduce the
forward movement of acrodynamic centre with incidence, were largely unsuccessful,
but provided some useful dato on the effcet of trailing-adge shape. For the
wing-body modcl, drooping the nose wus a successful modification and it is
sugrested that a drooped nose version of the wing-body model (without any plan=-
Lorma filict) would have good shutic longiludinal stability.
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1 TNTRODUCTION

This Note gives the rcesults of L £t x 3 £t low-speed tunnel tests made as
part of a general experimental investigation of the characteristics of various
layouts for supersonic transport aircraft intended to cruise at Mach numbers in
the region of 2,0. Thesc layouts have included some configurations where the
body is completely integrated with the wing and the resulting planform 1s ogee
in shape, and others where the combination of a wing and body is more easily
identifiable, The investigations reported here were concerned with the flow
properties and the static longitudinal characteristics of four symmetrical
models, namcly three wings with ogec planforms and integrated bodies and one
wing-hody comuination.

Tor all four models the slenderness ratio s ¢, was 0.209 while the plan=-
forn area ratio p(= S/’bco) was 0.430, 0.450 and 0.467 for the ogee wings, and

0.455 for the wing-body cormbination. Allied studics of the effects of length-
wise and spanwise camber on the longitudinal characteristics of the p = 04450
ogee planform are reported elsewhere'.

In additioun +to the mecasurements on the four basic models, some attempts
to alleviate the forward movement of aerodynamic centre with increase of 1ift
were made on the p = 0.430 ogee wing and on the wing-body combination. The
nature of these modifications is described in section 2 and the results
discusced in section 3.3. A simplified wing-body model was also tested to find
the contributions of the body and the planform fillets to the stability of the
complete model, and an analysis of these tests is presented in section 3.

Studies of the flow over and around these models were made using surface
flow and smokc techniques to sec 1f the changes in sweep-back along the leading-
edge and/or the presence of o body destroyed the unified {low originally aimed
at in these slender shapes. The cesults of these observations are discussed in
gection 3.7
2 DETATLS OF MODELS AID TESTS

[EmNey

Tre moin dimensions of all the models are given in Table 1. The p = 0.430
ogee planform was taken from a project study by Hawker Siddeley Aviation, whilst
the other two (with p = 0450 and 04467) were designed by Dre J. Weber of R.A.E.
to give more gradual changes of sweep=back along the leading-edge (Fige1). The
crogs scetions of all three models werc simplified versions of the firms
proposed "inteprated” loyout (Wable 1 and Fig.l).

The wing=body model (p = 0.455) was made to a planform and sections
obtained from an earl; Bristol Aircraft design by shearing the cambercd sections
of that design to give a gymmetrical model. The planform of the wing blended
via a fillet into a narrow strake on each side of the body (Figs.2 and 3). A
further model (p = C.450) was made with a detachable body and without fillets
or strakes in order to investignte their effeccts¥., The planform of this model

= T R f I R e

* Since one model had fillets and strakes and the other had neither, the
terms "with £illcet" and "without fillet" will be used in referring to these
nodels in the test and figures.
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is compared with that of the p = 0.450 ogee in Fige.3. All the models were made
of wood,

Measurements of the 1ift, drag and pitching moment of the models were made
in the 4 ft x 3 £t low-speed tunnel during 1960, using the normal wire rig and
overhead balance. Most of the tests were made at a tunnel speed of 200 ft/seo,
but, because of model vibration, for the ogee models at incidence above 20~ the
speed was reduced to 100 ft/sec. The incidence range was from -1.° to 26°. The
Re;molds based on the overall model lengths and a speed of 200 ft/sec ranged
between 2.6 and 2.9 x 106, Except for a few surface flow tests, the transition
was left free.

Since thc tests showed a forward movement of acrodynamic centre with
increase of 1ift, methods of alleviating this mild "pitch-up" were sought. For
the ogec models, the effect of providing extra non-linear 1lift at the rcar was
investigated by attaching brass plates to the lower surfacc of the p = 0.430
model to extend the planform; six shapes were tried (Table 2 and Fig.4(a)). On
the wing=body model, a decrease in the 1ift on the forcbody was attempted, both
by simple linear droop at the nose and by a parabolic droop (Table 2 and
Figeh(b)).

Visualization of the flow over the upper,surface of all the models was
obtained using lampblack suspended in paraffinz at tunnel speeds of up to
180 ft/sec. Some extra observations of the flow above the wing~body models
were made at 10 ft/sec using liquid titanium tetrachloride which fumes in moist
air., The models were transferred from the wire rig to a rear sting mounting

for both these flow tests.

The results of all the balance measurcments are presented in Tables 3-7
and discussed in section 3. The tunnel constraint corrections applied to the
balance measurements include the effect of model length calculated by the
nethod of Ref.3, Since breakdown of the leading-edge vortices did not occur
Tor the range of incidence tested, there was only a small wake blockage
correction.

3 RESULTS AND DISCUSSION

3.1 Flow visualization

From very low incidcnces the surfage flow patterns on the ogee wings
showed the presence of the leading-edge vortices which dominate the flow over
slender wings with sharp edges. These vortices were continuous for all the
models over the whole range of incidence covercd; dilfferences between the wings
being limited to variations in the positions of the primary vortex. The span-
wise looation of this vortex ocan be conveniently specified by using the point
of inflexion in the flow lines which arc produced in the upper surface flow
patterns. T'ige19 shows such patterns for the three ogee wings at an incidence
of 15°. At this incidence, at 504 root chord the spanwise positions of the
primary vortex were as followsi-

P Ooli-jo 0014-50 0'24-67
y/S' O-L!<2 0053) 0055

whilst for all three wings the secondary separation occurred at y/s' 2= 0.7,

-5 -
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At lower incidences, up to about 5°, there were some signs of further flow
scparations inboard of the primary vortex attachment lines on the forward part
of the wings. IHowever, these were considered to be an effect of the low
Reynolds number of the tests and were eliminated when a transition wire was
flxed round the nosec.

For the complete wing-~body modcl the flow was more complex. At 5O of
incidence the flow was still attached on the body with the wing leading-~edge
separation starting in the wing fillet region at about 30% of the body lengths
Segaration of the flow from thg upper surface of the body started just below
10”7 of incidence and by a = 15 was clearly marked (Fig.QO), resulting in the
formation of body vortices which trailed back down the centre of the model.

The scparation from the wing leading-edge started a little nearer the nose at
the higher incidences but, because the strakes on the side of the body were
small and not very sharp, the scparation over the range of incidence tested
nover began ahead of about 254 of the body length. As incidence was increased
and ihc wing vortices greow in strength and moved inboard, they pulled the body
vortices down towards the model, so that, following the onset of body asymmetry
at o = 207, the body vortices wrapped in succession around the port wing vortex
(Fig.20). This was clearly demonstrated by the smoke tests.

Similar results were obtained on the model without a [illet. In this
configuration, the length of the body ovcrhang was grcater and at full-scale
the onsct of body=-vortex asymmetry at zero sideslip might be expected to occur
at a lower incidence than that for the layout with fillet. Some of the effects
of vortex asymmetry, and the limitations of the small-scale 4 ft x 3 £t tunnel
models in asscssing the incidence at which asymmetry commences, are discussed
in R(ifo)-#c

A noticeable feature of these flow tests made on a sting rig was the
steadincss of the wing-body models compared with the ogee models. These latter
were 5o unsteady at the higher incidences that the tunnel speed had to be
reduced to 60 ft/sce. Similer vroblems were expericnced with the ogee models
in the force tests; and furthermore, somc comparative mcasurements of damping
in yaw on a p = 0.450 ogee model and a wing~body model have shown that the ogee
alone experienced ncgative damping in yaw at high incidence™,

3.2 Lift, drag and pitching moments of the basic shapes
SEi b, aras and i LOg yLo On LAC Dasllo St

The 1ift, drag and pitching moment coefficilents of the four models are
given in Tables 3 and 5. Thesc cocfficients have been calculated using the
arcas and acrodynamic nean chords of the whole planform in each casc, Lift
curves arc plotted in Pigeb for the ithree ogee wings and in Fig.9 for the
complete wing-body model. The 1if't coefficlents for all these models, all
having the sanc slenderness ratio are very similar, though Fig.5 shows a slight
tendeacy for 1ift at a given incidence to decrecase with increasing value of p.
At 15° of incidence, the four models have 1ift coefficients some €% higher than
thosc from the mean ocurve drawn in Ref.5 for gothics (p = 0.667) and deltas
(p = 045). These latter were flat plete models and Ref.5 shows that taking
into account thickness would widen the differences in 1if't between the present
shapes and the pure gothics and deltas. Turther systematic work on the effect
of planform and thickness on 1ift is clearly desirables This is partially being
covered by tests at present in progress on a series of wings specially designed
to investigate more systematically the effect of planform on aerodynamic centre
position.
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The lift-dependent drag factor and the lift/drag ratio plotted in Tig.6
Tor the ogee models (transition free) show little effect on the approach drag
within the range of p tested, the differcnce in lift-dependent drag factor
arising mainly from the change in aspect ratio, i.e. K/A is nearly constant.
Filge10 shows some advantage for the wing-body model.

The pitching moments plotted in Tig.7 for the ogees, and in Fig.11 for the
wing-body configuration with and without fillets, show the vital importance of
careful choice of planform as regards the static longitudinal stability.

3.3 Aerodynamic centre position and attempts to improve the static longitudinal
stability

For most of the expected subsonic range of 1lift coefficient 0.1 to O.7%,
the positions of the aerodynamic ccntre moves forward with inecreasing 1ift
coefficient (Fig.13). This forward movement is most marked for the ogee wings,
particularly in the CL range O.1 to 0.,5. In Figels the pitching moment

coefficients for the three ogee models and the wing=body model with and without
fillets have been replotted about moment centres chosen to give ncutral statioc
longitudinal stability at CL = 0.Hs It is evident that for the three ogee

wings tested the amount of elcvator needed to trim at low specd and the amount
of camber neceded to trim at high specd will be greater than that neceded for the
wing~body layout, assuming similar rearward movements of aerodynamic centre with
Mach numbcr, and no centre of gravity change through the specd range.

Attempts to reduce the rate of forward movement of the aerodynamic centre
with 1ift coefficient were made for both ogec and wing-body layouts. Thus, for
the ogee model p = 0,430, six different shapes of extension to the rear of the
planform werc made, to sec if more non=-linear 1if't could be obtained aft of the
moment centrc by adding to the area bencath the leading-edge vortices (Fig.h(a)).
An analysis of the results given in Table 4 and plotted in Pig.8 shows the
following changes in static stability margin (Ahn) Letween CL = 041 and 0.7 as

compared with thc basic winge Ahn is given as a fraction of the centre-line
chord SR which is the same for all scven configurations,. ‘

. Wing with cxtension
Basic

wing

A B C D T | B

0,039 | 0,050 | OC.O44 | 0.049 | 0.051 | 0,038 | 0.022

Only the large rectangular cxtension F yields any reduction in the rate
of forward movement of the acrodynamic centre.

On the wing-body model the effect of reducing the non-linear 1lift at the
front was tried, the forcbody being drooped to reduce the local angle of
incidence, Such nosc droop is desirable for pilot's view in the approach and
* Agsuming an approach 1ift coefficlent in the neighbourhood of 0.5 airworthiness
requirements will demand that the aircraft be adequately cleared to CL 2 0.7,
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to delay the onset of body vortex asymmctry“. Results with simple droop angles
of 10° and 20°%, as well as with a parabolic droop, are plotted in Figs.9 and 12«
For these models the changes in the static-stabllity margin Ahn/c  between

C. = 0.1 and 0.7 are listed below. ©

L
Basio | Model cut for 0 ) Parabolio
model droop tests 10" droop | 20" droop arc droop
0.015 0,014 0.009 0.008 0.006

The gains due to droop are not large, but are sufficlent to cnsure that
the wing=body layout even with a fillct does have a nearly linecar pitching
moment v 1ift relationship.

Tor Loth integrated and wing-body layouts the forward movement of the
aerodynamic centre with increase of 1if't will be greater when camber is applied
to the wing, but there is somc evidence that for cambers producing the same
pitching moment igcrement this change is smaller for the wing-body than the
integratced layout™.

The positions of ihe aerodynamic centrec at a lift coefficient of 0.5 for
all the modcls tosted arc shown in Pige19, plotted against the position of the
centroid of aren of their total planforms. The figure also shows the mean line
teken from Ref.7 for thick wings. Analysis of the results with trailing-edge
extensions to the p = 0.430 ogec model shows that if the length {rom the apex
of the wing to the centre of the treiling-edge of the extension is used as the
refercnce longth in defining the positions of the aerodynamic centre and centroid
of area then the acrodynanic centre position of all the variants A=F correlate
well with the basic wing position along ¢ line parallel to the line taken from
RefeTe

3.4 Contribution of the body and fillct to the 1ift and pitching moment of
ihe wing-body model

In ¥igse16 and 17 the 1ift and pitching moment cocfficlents of the two
ving-body models based on the area of the wing alonc arc plotted together with
the results for the wing alone. The cffect of the body and fillet on the overall
1ift of the wing is very smell and the 1ift curve using the new rcference area,
ie.ce that of a mild gothic wing is identical with that taken from Ref.be A
chordwisc rcedistribution of lift is indicated by Figs.16 and 17. This is shown
most clecarly by the position of the centre of pressure (Fig.18), and although
the addition of ihe body to the wing gave a more constant centre of pressure
position through the range of incidence, the subscquent addition of the fillet
caused a rapid Uorward movement of the centre of pressure at the higher
inecidences. The cffect of this latter addition on the aerodynamic centre
position is showa in Fig.13.

Since the size of the strakes on the complete model was insufficient to

£ix the beginning of the leading-cdge separation at one point for all
incidences, while, uvith the mid-wing position the wing vortices failed to

-8 -



oollect the body vortices at the lower incidences and to prevent them trailing
over the fin position, it is considered that fillets of this type serve no
useful purposec.

L GONGLUSIONS

The tests show the effect of a limited range of planform shape variation
on the low-speed static longitudinal stability of slender supersonic transports
and enable some low~speced acrodynamic comparisons to be made between the
integrated and wing-body layouts.,

For the three ogee planforms tested, the changes in leading-edge sweep
were gradusl enough not to impair continuous vortex development along the
leading edgc. With the wing-~body arrangcment, flow separations from the body
at moderate incidence gave rise to body vortices which trailed back down the
centre of the modcl. At high incidences these body vortices became asymmetric
and wrapped round the wing leading-edge vortices. The presence of a planform
fillet in the wing-body junction, continued forward as small strakes on the side
of the body, yiclded no improvements and introduccd unccrtainty in the position
of the start of the wing lcading-cdge vortices. further work on other wing-
body arrangements not rcported herc has demonstrated the variations in wing and
body vortex interaction which can be obtaincd as the relative strengths and
positions arc changed.

A1l the models tested had the same slenderness ratio and showed virtually
no change in 1if't coefficient, bascd on the totel planform area, within the
small rvange of p tested. Thesc 1lift coefficicnts were some 6% higher than those
measured earlicr for gothic and delda wings of the same slenderness retio but,
asgessing the 1lift cocfficient of the wing-body models on the area of the basic
wing gave the same 1ift as measurcd on the wing alone and on the gothic and delta
wings.

Analysis of the pitching moments showed a forward movement of aerodynamic
centre with inerease of 1ift on all the models, this being more pronounced for
the ogee planforms. Adding wing root planform fillets to the wing-body model
incrceased the {orward movement of aerodynamic centre. Attempts to reducc this
movemcnt on onc of the ogec models by trailing-edge extensions were not very
successful. Howcver, on the complete wing-body model drooping the forebody
yielded some bencfit, and this improvement taken in conjunction with the offect
of the fillet indicates that a drooped nosc version of the wing-body modcl
without a fillet should be virtually froce from forward movement of the aero-
dynamic centre with incidence.

r



¢

o}
w

ol

h
n

¢

X

aspect ratio = b2/S = b/pco

span

centre-line chord of the ogee models and the bodies of the wing-body

models

centre-line chord of the wing of the wing body model

aerodynanic mean chord

drag coclficlient

zero=-1ift drag coefficient

1ift coefficient

pltching moment coefficient

longitudinal statio stabllity margin

Jlanform puremeter = 8/be
scmi-snan

local semi-gpan

plan areca

free stream tunnel speed
casrduine dinencion
spenwlioe dimension
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Details of models

(a) Main dimensions

Wing + body Wing .
Ogee + £illet | + body | T8

Centre-line 2,67 | 2467 | 2%.67 | 27.75 27,00 | 19,71

chord (oo) in. * * * : * '
Span (b) in. 10429 10.29 10,29 11.58 14427 11,27
Area (S) sq ine 109.2 11042 118.5 1642 13649 12749
p = S/bco 0430 0450 | 0.467 0455 0.450 | 0.576
A = Dbe/S = b/pe, 0.970 0.927 | 0.89 0.917 0.927 |  0.993
Aerodynanmic mean , 15 1508 SE.18

ohord (3) in. 14,85 15419 15.08 16.18 15.61 13.65
'D/co 0417 0uli17 0417 0,117 017 | 04572
S/oO 0.602 0.616 | 0.614 0583 0.578 | 0.6925
Distarce of

moment centre 0.6755| 0.676 0.6755 | 0.6595 0,670 | 0.548
behind apex/oo

Moment centre for

neutral stability

(see Figdilh)

Distance of centre

of area behind 0.699 0.692 0.6945 | 047085 0.711 04654

apex/oo

L




TABLT 1 (Cogﬁipued)

(L) Planforn and centre-line thiciness of ogee models

e o i 2 R - [ — I
Per cent Distanpe antre~l}ne Cintre radius ]
~_ |from wing|i.e, maxinun}of transverse Local span|{ (in.)
of centre- N . s p = 0430 -~
line chord| oPCX thiclmess section P = 0.450 |p = 0.467
(in.) (in.) (in.)
0 0] 0 0 0 0 0
5 123 0.40 0.20 0.58 0.56 0.60
10 217 0.7 0.37 1,00 1401 1.01
15 3.70 101 0.505 7 o 34 139 1432
20 4493 119 0.595 157 1.70 1.57
25 Ge17 1430 0.65 1.82 1.99 1483
30 740 1433 0.70 2.08 2.27 2412
35 8.63 133 O 7k 2.37 2457 2447
40 2.87 1433 0.78 2.66 2491 2491
4hH 11,10 133 0.76 2.99 3.32 3oLy
50 12,33 1433 0.78 3.39 3.80 4,05
55 13-57 1 ~55 0-78 3092 24»-.56 4-75
60 14,60 1433 0.78 lLebl 5.01 5450
65 16.03 1433 0.78 5.26 5e 7k 6430
70 17627 1433 0.78 6.08 6.53 7412
75 18.50 1425 0.66 7.01 7.36 TN
380 19.73 1.10 1,04 707 8.20 8.66
85 20,97 0,90 127 8.68 8.98 9e31
S0 2.20 0.68 1466 9.62 9.6 9.83
g5 25 et3 0.0 - 10.09 10611 10.17
100 267 | oas | - | 90,29 ! 40,29 | 10.29

A1l the tronsversc sections were formed by drawing tangents from the wing edges
to the arcs given by the centre radius. The planform of the p = 0.430 wing was
teken [rom o project siudy by Huwhker Siddeley Aviation Ltd and the others defined
by the relationshins

2 K [
s(x) = 1.2 x =24 x° 4 2.2 © 4 3 x4 -3 x

for p = 0,450

i

and
) ; 45 9.1 o
s(x) = 1 x =53 x + 124 % - 9.5 %x +2x
Tor p = 0.467

The leading edge radius was of the oraer of 0.01 in.



TABLE: 1 (Continued)

(c) Pionfors and centre-liane thickness of wing-body models

i
Per cent|Distance from |{Local body! Local LO?al SDOIM 165081 span Cen?re-llne
P . . i without . thickness
of total|nose of body | dicmefer | span e of wing
length (in.) (in.) (in.) fillet (in.) of wing
W5 . . . (in.) . (11’1.)
0 G O O 0 0 0
5aiv 15 049 Oebh Oele9
10,081 3.0 0,49 0.9 0.39
16,22 heB 1.215 1.26 1215
21 u62 6-0 o‘—{l;- 1 ."4—8 1 QL{-LI—
?7 03 745 1.63 167 1463 0,005
J -’{ 9.0 1 -7/ 1 0:26 1 077 '1 -OI{- 00_53
37.84 1045 1,895 2449 2.07 2,07 04565
L5,24 1240 1975 3,255 747105 3,105 O¢7h
14-8.65 13.5 2-01 )}--18 4.155 )4-0135 00855
Hh .05 15,0 1.96 5.16 5.16 5.16 0.925
6l 86 1G.0 14795 723 Te23 7423 0.895
70627 1945 1.69 Ge25 8.23 £.23 0.835
75465 21,0 16305 9.23 9.23 9423 0755
31,08 2.5 1e12 10,06 10,06 10,06 0,645
386,49 2.0 0.8 10,70 10.78 10.78 0.505
91,09 25e5 0e515 1120 11.26 11426 04335
100.00 2775 0 Ve D7HE 11575 11,575 | 0.02

The above dimensions refer to the ?7.7. in. long model, The planform and
cross scelions for this model were toeken {rom a Dristol Aircraft Litd
designe. Tle dimensionc of the 27 in. long nodel were scaled from the
chove table. Thc leading edge rodlus was of the order of 0,01 in.

TABTE 2

Detolils ol iralling-olsc eitensions 10 ofee model, p = 030

~f
il buphtor e -

L/'/' i" . L, =
Extra Jength o OL Wing ;L dncreasc %with cxtunsions
Tztension \n inche span of area PR e e
* c1es cxlended basic
forvaa o amI T X WSS, Jﬂs TR AV A S W A W T S T e S PR 0 AL LT . ST T Xl
A 0,91 100 L.29 0.999
B 1437 10% 8.00 1000
C 0.92 66 % 2.88 0.991
D 1.98 66% 6422 0.983
"E)l [ ] < 9 y % .
1 ¢ ﬂ% 6@; 5.77 , 0.997
! 1 '9b 6\) j 120&—2-}- ’ 1 'OOO
A1 X, E g , -




Lift, crug end pitching moment coeflicicnts of the ogee models
B N T e |
0 By
a Cr Cy C, | = L/D
i C TA
{ L

P = 0.430 (moment centre at 0.6755 ¢ )

i
v, = 200.2 ft/sec

~3%,95 -0.096 0.0142 0,0060 2,18 -5.76
"'li .95 “00014—6 OoOO9)€- O-OOZ() 2059 "l{'-.89
+0.2 +040Ck | 0.0070 ~0,0002 - +0¢53
2.25 0.051 0.0101 ~0.,0027 2.93 5.05
La3 0.110 0.0150 ~0.0065 2.06 6.96
6425 0.171 0.025 ~0.0101 1.86 6.73
8.35 0.240 0.0406 ~0,013h 175 5.91
10.3 0312 040606 ~0.0165 1.66 5.15
1245 0,39 0.0097 -0,0186 1.61 4 .39
14435 0.7k O. 1279 ~0.0202 1657 3.65
1845 0,641 0.2155 ~0.020% 153 3.00
20455 0.725 1 0.2709 ~0.C1 9 1453 2.68
VO = 100.5 Pt/sec
16.6 0.607 0.2162 ~0.,0213% 152 2499
20,6 0730 Q.2712 ~0,0202 1451 2469
22,05 0.374 Q.35 ~0.0198 1.50 2.4
206 0.891 0.39C5 ~0.0190 1.50 2.2
26.65 97° Cat 795 , ~-0.,0133 1.52 2.03
= 0450 (Ioment centre at 04676 oo) 7
Vo = 200.2 [t/sce
~3,75 -0,050 00147 0.0030 2419 -6.57
~-1e7 ~0.050 0.0C97 0.0010 3ebL ~l. 409
+0e25 +0 004 0.0060 0.0002 - +0.53
2.25 0,051 | 00,0102 | -0,0015 26 520
le3 0.107 0.0161 ~0,003, 2.06 6.02
635 0169 0.0256 0005 179 671
S 0,238 0.0407 -0.,0059 1.68 591
1045 0.313 0.0619 -0 ,0063 1.60 5.09
12.45 0.793 0.0901 -0.0061 155 4438
14455 Ol 77 0.1258 -0,0CL9 151 3,80
16.65 0.559 0.1667 -0,0033 1.1.6 § 3.36
18. 0.6.3 02151 -0,0008 146 2.99
20465 0,726 1 0.2714 | +0.0031 1.6 2.68

- 15 -



TABLE 2 (Continued)

! .
Cy = Cp
© C C e | 1/
@ L D m 5]
| Th
L/
v, o= 100.5 £4/sec
105 0316 | 0.0629 | =0.0062 1460 5406
(s OBl | 041298 | ~0.0042 153 3472
107 0,650 | 0.2168 | -0.0003 145 2.98
20.65 | 0.735 | 0.2737 | +0.0008 1,43 2.69
22,75 | 0.824 | 0.3385 |  0.0067 142 2l
24,75 | 0,901 | 0.4055 |  0.0077 1,43 2.22
26,85 | 0.985 | 0.4865 | 0.012% 1ol 2.03
P = 0.467 (moment centre at 0.6755 oo)
v, = 20042 ft/ec
~ho05 | 0,096 | 0.013€ | 0,001 1.83 ~7.06
~2.0 | =0,0bly | 0.0092 | 0.C001 2,32 e 78
0 0 0.,0076 0 - 0

+2.0 | +0.013 | 0,0096 | ~0.0001 33l +1439

4.05 | 0,098 | 0,0150 | =0,0010 2,16 6+53

6.0 0.156 | 0.0232 | -0.0015 1.80 6.72

3445 | 0,225 | 0.057% | =0,0010 1.65 5.02
10,15 | 0.297 | 0,0568 | =0.0019 1.57 5.23
12,25 | 0.377 | 0.0036 | =0.,000k 1.50 La 51
e 0460 | C1i73 | +0.0015 1,46 2,92
1543 0.540 | 0,553 | 0.0034 1442 3448
1O ol 0.636 | 0,2002 0.0062 1439 3,05
20,35 . 0,719 | 0.2617 | 0.0103 1438 2475
v, = 10045 rt/zec
10.25 & 0,302 | 0.0590 | -0,002% 1458 5412
"(}.;..55 .i:‘(.w';. 0,11 96 +0,0021 ] 02-]-6 5.88
1345 | 0.6k2 | 0.2130 ¢ 0,0072 1.40 3.01
20.5 0.,73h | 0.2696 | 0,0097 1.37 2472
22.5 0.022 | 0.33k 0.0158 1436 2,46
2455 | 0914 | 04085 | 0.0191 1435 2.2

LQG.Y 0998 | 0.487 0.0240 1435 2.05

* MNote Gy was reduced by 0,000k in determining L/D

Tor the p = 0,450 ogee because the C

D
0

for

this

wing was 0.0080 compared with 0,0076 for the two

others.

w46 -




TABLE 4

Lift, drap and pitching moment coefficients of the
ogee model p = 0,430 with trailing-edge extensions

(Moment centre at 0.6755 co* Total areas used to

non-dimensionalize results, see Table 2)

I~ 1 l
o ‘ CL i GD Cm

|

1
S NN =

hxtension A
Vv, = 200.2 ft/sec

“%485 | =0.090 1 0.0119 | +0.0062
1.8 | =0.038| 0.0090 | +0.0027
+0.2 | +0.005| 0.0084 | -0.0002
2.3 0.052 1 0,014k | ~0.0037
a3 04109 | 0.0172 | =0.0090
6.35 | 04179 | 0.0286 { =0.0150
Sl 0.2,9 | 0.0447 | ~0.0199
1045 | 0,326 0,0682 | -0.0249
12,5 L0611 0.0972 | =0.0285
14,55 | 04881 041329 | -0.0%13
16,6 0.568 1 0.1703 | =0,0332
18.6 04655 | 0.227h | =0.0%43
20,7 O0J7h2 | 0.2875 | ~0.0347

Vo = 100.5 ft/séc

18465 | 0.660 1 042296 | =0.0341
20,65 o.730§ 0.2795 | ~0.0348
22,75 | 0.81k | 0.34h5 | -0.0365
2485 | 0,901 | 0.419 | -0.0393
26.85 | 0.586 1 0.501 | =-0.0402

1
i

i
i

Extension B i
v, = 200.2 ft/sec

~3.8 -0.090 | 0,0i26 | +0.0083
-1,75 | =0,038| 0.0089 | +0.0029
+0.25 | 40,005 | 0.0080 | -0,000k
2.3 0.052 | 0.0105 | -0.004.2
La25 0.108 | 0.0159 | -0.0100
(435 0.179 | 0.0267 | -0.0171
8.45 0.250 | 0.0427 | -0.0236
1045 0.330 | 0.0649 | =-0.0299
12.5 0.:,02 | 0.0922 | -0.0347
14455 0.486 | 0.1279 | -0.0398
1646 0.572 1 0171k | =0.0440
18.6 0.655 1 042210 | -0,0469
20.7 O, 7hi | 04279 | =0.0497 |




TABLE L (Continued)

e

!
I

T .

o CL I CD n
v, = 100.5 ft/sec
18,65 | 0,663 | 0.2249 | -0.0488
20.75 0.748 | 0.2829 | =0.0503
22.75 0.83% | 0349 ~0.,0539
2.8 0,926 | 0.4.205 | =0.0596
2649 1,003 1+ 0,50k -0,0633
Extension C ;
Vv, = 200.2 £t/sec
-3,0 =~0,090 0.0127 +0,0054
=1,75 | =0,039 | 0.0097 | +0.0025
+0.20 | +0.005 | 0.0088 | -0,0006
243 0,050, | 0.0118 | -~0.,0040
Le25 0.7112 0.0176 -0,0092
Codv 0.181 0.,0258 | ~0.0147
8 .35 Oo 24-8 O cOLI-lI--6 "'O 001 89
10.45 0.325 | 0.0673 | -0.0223
1245 0J:03 | 0.0959 | ~0.,0256
15 083 | 09312 | ~0,0276
1646 0.566 | 017435 | =0,0292
18,55 0,65k 0.2202 ~0,0292
20.4 047354 i 0.2037 | -0.,0292
v, = 10045 ft/seo
1846 0.652 | 0.225 ~0,0302
20.75 0. 75 E 0.2833 | ~0.0299
22475 0.516 | 0345 ~0.0307
OA.o 0.59& 3 0.417 -0.0313
26.9 0,976 ‘ 04925 | =0,0323
Extension D z
v = 200.2 2t/sec
-%,85 | -0.095 | 0.0129 | +0.0085
—1.,, ~0 .0l 0.0097 | +0.0031
+0.3 +0.006 | ©.0086 | -0,0006
243 0.052 | 0.0117 | ~0.004
L e2B 0112 | 0.018%H | =0.0103
6a35 0.181 0,0286 | -0.0170
8ak 0.252 | 0.0446 | -0.0229
1005 0.332 0.063 -0,0286
'i 2 05 Ool1'-1 O 000974 -000325
o5 0,192 | 0.4336 | =0.0357
1646 0.580 | 041795 | -0.,0282
1867 Q.664 | 0.2307 | -0.039M
2047 0.742 | 0.2843 | -0.,0401
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TABLE 4 (Continued)

© ~
a CL CD Ch
v, = 100.5 ft/sec
18465 0.671 | 0.2321 -0.0408
20.7 0.748 | 0.2863 | -0.0397
24475 0.925 | 0.423 -0.0466
26.8 00997 005005 "0.0}-l~89
Bxtension B ! |
V) = 20042 ft/sec
-3.75 | =0.085 , 0.0126 | +0.0077
~1e75 | =0.037 | 0,009 | +0.0032
+043 +0.,006 | 0,0083 ~0 0004
243 0.053 | 0.0113 | -C,0039
he25 G.112 | 0.0170 | -0.0094
663 0.175 | 0.0269 | ~0.0149
8ol Oe248 | 0.0L34 | ~0.0202
10.2\'-5 O|322 000655 “000253
12.5 0e&02 | 0.0939 | ~0.0300
14455 0,488 | 0.1310 | -0.0343
16465 0574 | 041756 | ~0.0379
20.7 0372{-1 002803 "'Oooll-19
VO = 100.5 ft/sec
18.6 00660 0-2261 "0.0A-O?
20,75 0.757 | 0.2851 ~0.04.34
22475 0.832 | 0.350 ~0,0446
24485 0.916 | 0.h225 | =0.0473
26.85 0,995 | 0.5005 | ~0.,0513
Lxtenoion F
v = 200.2 ft/sec
=348 -0.,038 | 0.0158 | +0.0109
~1.75 | =0,036 | 0.0100 | +0,0041
+O L] 25 +O » 007 O . 0087 "O . OOOI+
242 0.049 | 0,0100 | ~0.00L44
4.25 0,10l | 0.0141 ~-0,0098
6.3 00170 Oo0232 "0-0163
Sol!- 00221-1 0.0379 ‘000227
10.45 0.323 | 0.0605 | -0.0306

- 49 -




TABLE L LContim;ed)s

- —
@ CL CD Cm
14455 0476 | 01181 | -0,0426
16.6 00568 001628 "O‘OI+9Z4-
13,7 0,662 1 00,2162 | -0,0555
20.7 0.748 | 042733 | =0,0605

v, = 10045 £4/seo

18.65 0.659 | 0.212%0 | =0.0583
20465 0742 | 0.2674 | -0.0626
22,8 0.83 | 0433k -0,0693%
2l 85 0.916 | 04035 | =0,0740

- 20 -




wing-body model with end without fillets

IABLE 2

Lift, drag and pitching moment coefficient of the

° ¢ C ke CD° 1/D
o C.. e .
L D m 02//%A
L
(a) With fillet, p = O.455. Homent centre at
0.6595 ¢
0
Vv, = 200k £t/ sec
~%5495 | ~0,095 | 0.0134 0.0045 2,08 ~7.09
~1.95 ~0 Ol 0.,0089 0.0019 2.98 =t « 9L
+041 +0,003% 0.0069 ~-0,0002 - +0.43
2.15 0,049 | 0.0092 | ~0.0018 2.76 5.33
L.2 0.108 | 0.0132 -0, 0042 2.C0 7420
£.25 0.171 0.024.9 -0.0073 (v 6.87
83 O.2Lt3 1 00403 | -0,0105 1.63 6.03
10635 0.317 0,067 -0.0130 155 5.19
12.15- 09396 0008824- "0001 59 l 050 ll—ol-l-8
1eelt5 0480 01230 -0,0192 ) 3.90
16455 0560 0.1653 00,0213 1olt2 3.3
18.6 0,656 | 0.2162 | -0.0240 (9 e) 3403
P0.65 073 0.2724 -0.,02586 1438 2e¢73
2247 0.835 0.3395 -0,0273 1.37 246
2.3 0e023 Ouiié | -0.,0270 1438 x 222




[ =r S AN R e X

TABLE

5 (Continued)

e

e e m ,
g ~C
© C C C i 7o 1,/D
@ Lo i T b
i -
| ‘ : [y
(b) Without tillet, p = 0.450. Moment centre at
0,670 ¢
Q
V= 20045 £t/sec
~345 1 ~0.080 | 0,0143 0.0021 3.09 -5.93
""1 0,7) -0-032 OQOO(CSZ OQCOOG 11-027 "'3 090
-0.25 | -0.006 | 0.0065 | 0.,0001 -0.92
+0.65 | +0.016 | 0,0071 | =0.0006 Le55 +24250
1.7 0.038 | 0.,0080 | =0.0008 2.62 475
2.8 0.065 | 0.0095 | -0.0016 1.87 6.95
775 0,094 | C.O119 | -0.0026 171 7490
.8 0128 | 0.0162 | -0.0032 1469 7.90
5.8 0.161 | 0.0217 | ~0.0039 1.68 742
.05 1 0.192 | 0.0272 | =0.0054 1.62 7.06
8.9 )26k | 00,0438 | =0.0032 1455 6.03
10,95 | 0.341 | 0.0666 | =0.0101 145 5.12
13,05 | OJ424 | 0.0975 | =0.0126 1.48 4435
15,1 0.510 | 041338 | ~0.0149 162 3.81
1715 1 04599 | C.1801 | ~0.,016 1ol 3433
10,25 0,640 | 0.2326 | =0.0182 1438 2497
21.25 1 CJ779 | 0.2929 | =0.0201 1437 2466
22,55 | 0.83h | 0,333 -0.0210 1436 2.50
2l 655 | 0.930 | 0.1 | -0.0215 1436 2426




TABLE 6

Effect of noge droop on the 1ift, drac and pitching
moment coefficicents of the wing-body model

(with fillet, moment centre at 0.6595 co)

B e S e anad I e A R S s

0
o) CL CD Cm

Mo droop
Vv, = 200.4 ft/sec

-2.35 | =0.067 | 0,011 0.0028
""i c75 "‘0.039 000096 01001 1
0,75 | =0.017 | 0.0081 0.0007
+0s 3 +0.006 | 0,0076 | =0,C002
1.25 0.026 | ©.,0088 | -0,0007
243 0.052 | 0.0097 | -0.0019
by O.142 | 0.0157 | -0,0045
Golt 04174 | 0.0252 | =0.0076
80){~5 0.2}+1 O-O-’!OO "010104
1045 0315 | 0.0585 | -0,0133
12,6 0.395 | ©.0383 | -0.0165
U 65 04482 | 041243 | =0,0200
18.8 00660 Oo2175 -090245
20.8 0,706 | 0.2700 | -0.0267
21,95 | G916 | 0J412 | =0,0266
27.0 0.999 | 0.492 -0.0273

100<hmop !

v o= 200.4 £t/sec

-2.75 | -0.065 | 0.0125 0
"1 L] 85 "'O .OLJ-Z O 001 05 -O . 0009
-0.75 | =0.018| 0.,0090 | -0.0016
+0.,25 | +0,004 | 0,008 | -0,0026
1.25 0.027 |1 0,0095 | -0.0033
2435 0e054 | 0.,0107 | ~0.0047
lre 35 0.108 | 0.0158 | -0.0067
601'-}-5 001 72 OQOZ',I? -0.0098
Bel5 Os2ki | 0.0400 | -0,0133
1045 0.216| 0.0611 ~0 0164,
12,55 0.3901 00,0065 | -0,0197
1.6 04781 0.1227 | ~0.0238
16.05 0.561 | 0.1656 | -0.0269
18.75 0.653{ 0.2062 | -0,0306
20,85 0.7411 0.2655 | -0,0337
22,85 0.030] 0.32% ~0,0362
24..95 0.920{ 0.393 -0.0395
27,0 | 1.00k| 0459 | =0.0418

. 1




TABLE 6 (Continued)

o CD Cm

s, vt o . o a2 caaA e T, - e o] G . sz
)

20" droop

Vo = 2004 Ft/sec

ww.'T o e m LATCses WL NS dp W RS AL oty

~2.5 -0,065 | 0.0153 | -0.0061
1.8 0,043 | 0.0133 | -0.0065
~0.75 | =0.,020 | 0.0117 | -0.0061
+0.25 | +0,001 0.0107 | -0.0062

1.2 0.023 | 0.,0112 | -0,00063

2.3 0.0%1 0.0120 | -0.0069
2{*.5 00105 000‘1 61 "'000091
645 0.171 0,0261 ~0.,0122
3.5 0.240 | 0,0110 | =0.0159

1045 0.303 | 0,0592 | -0.0185
1265 0,357 | 0.0859 | ~0.0220
’i}+'6 OQL!-67 0'11 82 "000260

16465 0.559 0.1623 -0.0295
15,75 0,646 | 0.2102 | =0.0327
204G 0.73%5 | 0.2674 | —-0.03%63
22,85 0.526 0333 ~0.0%93
e 95 0.914 | 0,04 -0 ¢0L20
26.5 00979 0014-67 —0.0449

4 rnsw)
{
|
{
t

Shaped droop
v, = 200.k £t/ sec

2,65 | =0,062 | 0.0122 0,000k
=1.65 | =0,035 | 0.0103% | =0.0006
“Qe6 ~0,014 | 0,0093 | ~0.0009
+Cod +0,009 0.0087 ~-0.0019
1alp 0,031 0.,0098 ~0,0023
245 0,057 00,0111 ~0.0032
Io5 O 1k | 0.0169 | -0.0057
o555 0,178 { 0.0270 =0.0085
GebB C.207 0.0419 -0.0115
10,65 0.321 0.0626 =005

1267 0.0k | 00916 | =0.0179
1#075 09}+8€) 0.1268 “‘000208
16.9 0.57h | 04,1695 | -0.0242

18.9 0.662 | 0.2198 | -0.0276
21.0 0.755 | 0.2787 | -0.0309
2340 0,840 | 0.342 ~0,0338
2541 0.928 | 0.4165 | -0.0357

27.15 | 1.015 ! 0.498 | -0.038k .

-



TABLE 7

Lift, drag and pitching moment coefficients of the wing alone

(Moment centre at 0.548 R corresponding to 0.670 co
W
of the wing + body models)

0 c CD CD0 /
of C G < g e L/D
L D m 02 A
L
V6 = 200.5 ft/sec
~3.35 | =0.084 | 0,0106 0.0017 2,034 =792
~2.0 ~0,018 | 0.,0079 0.0002 2.571 -6.08
~1.0 ~0.024 | 0.0067 0.0005 34791 -3.58
+0,05 0 0.0054 0 - -
1.0 +0.,028 | 0.0068 | -0.0008 3.183 LJ12
2.05 0.053 | 0.,0080 | =0,0014 2.221 6.62
3.0 00080 0-0096 "O-OOZ[{- 1 0755 8.33
4.0 0.112 | 0.0128 | =0,0037 1.691 8.75
51 0,149 | 0.,0177 | -0.0053 14644 8eli2
6.05 0.183 | 0.,0231 -0.0064 1.593 792
81 0.259 | 0,0397 | -0.0097 14567 6452
10.2 0,341 0.0624 | =0,0120 1.513 5046
1243 0.429 | 0.0926 | -0,0140 1.468 Lo63
14635 0.519 | 0.1305 | =0.0159 Telih2 3498
16435 0.506 | 0.1728 | =0;,0178 Tel17 3.51
1801].5 00715 002331‘" "'0001 92 1 '388 3.06
2045 0,804 | 02911 =-0,0191 14376 2,76
22,65 0,908 | 0.3675 | -0.0190 1.368 2447
2.7 1.005 | Q. lli6 ~0.0188 14358 2.25
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p= 0430
0450 —-—
0-467 —-—-
. A
~
©
d.
(\\}
A

THE SAME ¢ SECTION
WAS USED FOR ALL
THREE MODELS.
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—

FIG. . OGEE MODELS.



27-75"

1-58"
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FIG. 2. WING-BODY MODEL.
WITH FILLET,



OGEE , p=0-450.

WING—-BODY, WITH FILLET
p=0-'455

WITHOUT FILLET
b=0450.

FIG.3 PLANFORM COMPARISON OF p=0-450 OGEE
MODEL AND THE WING-BODY MODEL

WITH AND WITHOUT FILLET.



SCALE © ! 2 IN

FIG. 4@ TRAILING-EDGE EXTENSIONS TO OGEE
MODEL, p=0-430,

—_—
—_—_—
—
—_—
———
~—

——

DROOPS EXTEND
OVER 42-G%, oF
BRODY LENGTH

PARABOLIC ARC DROOP
(LINE JOINING NOSE TO
0426 Co DROOPED 10°)

FIG. 4.(b) NOSE DROOP ON WING - BODY MODEL
WITH FILLET.
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FIG.5 LIFT COEFFICIENTS OF THE OGEE MODELS.
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(1) very similar lift characteristics,
(i1) a slightly smaller drag for the wing-body model,

(1i1) better static longitudinal stability characterictics for the
wing-body model, especially when the wing planform was not faired smoothly
iInto the body.

Attempts to improve the longitudinal stability of one of the ogee
wings, by minor planform modificatlions at the rear of the winz inteaded to
reduce the forward movement of aerodynamic centre with incidence, were
largely unsuccessful, but provided some useful data on the effect of
trailing-edge shape, For the wing-body model, drooping the nose was a
successful modification and it is suggested that a drooped nose version of
the wing-body model (without any planform fillet) would have good statie
longitudinal stability,

(i) very similar 1lift characteristics,
(11) a slightly smaller drag for the wing=body model,

(111) better static longitudinal stability characteristics for the
wing-body model, especially when the wing planform was not faired smoothly
into the body,

Attempts to lmprove the longitudinal stability of one of the ogee
wirgs, by minor planform modifications at the rear of the wing intended to
reduce the forward rnoovement of aerodynamic centre with incidence, were
largely unsuccessful, but provided some useful data on the effect of
trailing-edge shape, For the wing=-body model, drooping the nose was a
successful modification and it is suggested that a droog¢c rose version of
the wing-body model (without any planform fillet) would have good static
longitudinal stability,
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(1i) a slightly smaller drag for the wing~b.dy model,

(11i) better static longitudinal stability charascteristics for the
wing-body model, especlally when the wing planfcrm was not faired smoothly
into the body.

Attempts to lmprove the longlitudinal stability of one of the ogee
wings, by minor planform modifications at the rear of the wing intended to
reduce the forward movement of aerodynamic centre with incidence, were
largely unsuccessful, but provided some useful data on the effect of
trailing-edge shape, For the wirg-body model, drooping the nose was a
stccessful modification and it is suggested that a droc;ed nose version of
the wing~body model (without any planform fillet) would have good static
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