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Rkasuremcnts have been made of' the lift, drag cand pitching moment of 
three once models and a wing-boQ,r model, all having a slenderness ratio 
(semispan/root chard) or 0.20~. i!L\j 

'D' ~ r associated surf'sce flow patterns were 
also 0bSc:YTrea. 

Althou;.;h the models were sgmme-kic.sl and aid not represent strictly 
COIIlpCWi.t7ule fully optimised designs of possible layouts for a supersonic trans- 
p”rt) some useful 10% -speed aerodynamic comparisons between the integrated or 
ogco models and the r;ling-body model mere obtained. The results show:- 

(i> very similar lift charncteristios, 

(ii) 3 slightly smaller &a~ for the icing body Inodd, 

(iii) bettor statio longitudinal stability oharscteristics for the wing- 
imay 1mac1, cspccial.1;~ when the icing plnnform was not f'aired smoothly into the 
bOQi. 

Attt?IYJ$X t0 improve the longitudinal stability of one of the ogee wings, 
by minor planform modifications at the rear of the wing intended to reduoe the 
fOlTW,LY~ movement of aerodynamic centre with incidence, were largely unsuccessful, 
but provided some useful dat:-? on the effect of traiiing-edge shape. For the 
~~illg-boiiy model, aroqi~~ the 20~~ tw a s~~c~essful modification and it is 
suggcotc?t that a drooped nose version of the sing-body model (without any plan- 
iOr lXiCl;) iiO;Ld. h;tVC &WC ;;-kr-tic lon&.tudin3,1 stability. 

-  - - - . .  - - -  ___-__-_ __--_A. “ . --_---“ I -  - . - - A  -  -  -m---.---v 

%.@-aces iz,?,.:?, Tech. Note MO. "Nero 2927 - 'i.2.C. 25709 





CONTENTS v-- 

1 INTRODUCTIONS 

2 DETAILS OF MODELS AND TESTS 

3 rGx?JLTS FXD DISCI~SSION 

3.1 Flow visualization 
3.2 Lift, drag and pitching moment of the basic shapes 
3.3 Aerodynamic centre position and attempts to improve 

static longitudinal stability 
3.4 Contribution of the body and fillet to the lift and 

pitching moment of the wing-body model 

4 COf?CLUSIONS 

sYK;oLs 
n":-J'm-lJCE$ 

. $x.BLES 

Details of models (a) Main dimensions 

(b) Plar,form and centre-line thickness of 
o&e" models 

(c) Planform and centre-line thickness of 
wiry;-body models 

Details of trailing-edge extensions to ogre model, p = 0.430 

Lift, dram and pitching 
moi:c1s 

moment coefficients of the ogee 

L.irt, drq; XL& pitchilzg 
model, p = 0.430,mith 

Lift, bag and pitching 

moment coefficients of the ogee 
trailing-edge extensions 

moment csefficients of the 
v;ing-bod> model with and without filiets 

Effect of nose droop on the lift, drag and pitching 
moment coefficients af the w&-body model 

Lift, tisg and pitching moment coefficients of the 
wir-q, alone 

7 

8 

9 

IO 

II 

12-25 

12 

13 

14 

14 

15 

17 

21 

23 

25 

-2”. 



ILLUSTRATIONS u- 

Ogee models 

'Uing-body model, with fillet 

Planform comparison of p = 04.50 ogee model and the wing-body model 
with and without fillet 

Trailing-edge e&tensions to ogee model, p = 0.430 

Nose droop on wing-body model, nith fillet 

Lift coefficients of the ogee models 

Drag characteristics of the ogce models 

Pitching moment coefficients, ogre models 

Effect of planform changes on the pitching moments of the 
p = 0.430 ogce model 

Lift coefficients of the wing-body model with nose droop, 
model with fillet 

Drag characteristics of the wing-body model with and without 
fillet, no nose droop 

Pitching moment coefficients, wing-body mod61 with and without 
fillet, no nose droop 

Effect of nose droop on the pitching moments of the wine-body 
model, mith fillet 

Aerodynamic ccntrc position 

Comparison of pitching moment curves riith neutral static 
stability at CL - 0.5 

Aerodynamic centre position at CL = 0.5 

Effect of body and fillet cn lift coefficient 

Effect of body and fillet on pitching moment coefficient 

Effect of body and fillet on the position of the ccntrc of pressure 

Upper surface flow patterns for the ogec models, a = 15' 

Upper surface flow patterns for the wing-body model, with fillet 

a. 

1 

2 

3 

4(4 
4-b) 

5 

6 
7 

8 

9 

IO 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

-3- 



This Note gives the results of 4 ft x 3 P-t low-speed tunnel tests made as 
part of a gmeral experimental investigation of the characteristics of various 
layouts for supersonic transport aircraft intended to cruise at Mach numbers in 
the region of 2.0. These layouts have included some configurations where the 
body is completely integrated. with the xing and the resulting planform is 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, namely three wings 76th ogec planform s and integrated bodies and one 
wing-body coI;:;ination. 

1'~ all i'our models the slenderness ratio s/co was 0.209 while the plan- 

form area ratio I,(= S/boo) was 0.430, 0.1~50 and 0.467 for the ogee wings, and 

0.455 for the wing-body comLinstion. Allied studies of the effects of length- 
nise and spanwise camber on tile longitudinal characteristics of the p = 0.450 
ogee plarform are rel,orted elsewhere . 

In addition to the measurements on the four basic models, some attempts 
to alleviate the forward movement of aerodynamic centre with increase of lift 
were made on the p = 0.430 oe;ee wing and on the wing-body combination. The 
nature of these modifications is described in section 2 and the results 
discussed in section 3.3. A simplified wing-body inode was also tested to find 
the contributions of the body and the planforrn fillets to the stability of the 
complete model, and an analysis of these tests is presented in section 3.4. 

Studies of the flow over and around these models were made using surface 
flop 2nd smoke techniques to set if the changes in sweep-back along the leading- 
edge and/or the presence of c body destroyed the unified flow originally aimed 
at iii these sleniicr shapes. The results of these observations are discussed in 
SeCiiOil 3.f l 

T1:e main dimensions of all the models are given in Table 1. The p = 0.430 
ogec planform v:as taken from a Ibroject study by Hawker Siddeley Aviation, whilst 
the other two (with p z 0.4.50 and 0.4.67) were designed by Dr. J. Weber of R.AIE. 
to give more gradu:21 changes of owcep-back along the leading-edge (Fig.l). The 
Cross seCtiOi?s Of all tll??ee KlOddS nerc simplified versions of the firms 
proposed "inte~ratcd" layout (Yable I and Fig.1). 

T1-E 7;iIiG- bod;r model (p = 0.455) was made to a, planform and sections 
obtained from an earlu7 3ri:;'iol Aircraft design by nhearing the cLambered sections 
of tk,a"c fJer+-: uL~l to &se a synmetrical model. The planform of the wing blended 
via a lillet into a, narron strike on each side of the body (Ipigs. and 3). A 
further- model (p - 0.450) was made nith a detachable body and without fillets 
or strskeo in order to inves-tQ:ttc their effects*. The planform of this model 

n - 1-w-L ~---IIICI---C--L------UI.~--*- -~~-;cs~ -p_ s--e-- 
* Since one model had fillets and strakes and the other had neither, the 
terms "with fillet" and "x;ithout fillet" xi11 be used in referring to these 
nodclo in the teot end figures. 



is compared with that of the p = 0.450 ogee in Fig.3. All the models were made 
of wood. 

Measurements of the lift, drag and pitching moment of the models were made 
in the 4 ft x 3 ft 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 ftdseo, 
but, because of model vibration, for the ogee models at incidenceoa30ve 200 the 
speed was reduced to 100 ft/sec. The incidence range was from -4 to 26 . The 
Reynolds 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 the tests showed a forward movement of aerodynamic centre with 
increase of lift, methods of alleviating this mild "pitch-up" were sought. For 
the ogee models, the effect of Providing extra non-linear lift at the rear was 
investigated by attaching brass plates to the lower surface of the p = 0.430 
model to extend the planform; six shapes we,re tried (Table 2 and Fig.4(a)). On 
the wing-body model, a decrease in the lift on the f'orebody was attempted, both 
by simple linear droop at the nose and -kJy a parabolic droop (Table 2 and 
Fig&-(b)). 

Visualization of the flow over the upper2surface of all the models was 
obtained using lampblack suspended in paraffin at tunnel speeds of up to 
160 ft/seo. Some extra observations of the flow above the wing-body models 
were made at IO 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 measurement s 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 
method of Ref.3. Since breakdown of the leading-edge vortices did not occur 
for the range of incidence tested, there was only a small wake blockage 
correctio-n. 

3 W3TJLTS AK5 UISC~SSION es--- 

3.d gn visualization A-.- 

From very 101~ incidenoes the surfaGe flow patterns on the ogee wings 
shomed 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 v;hole range of incidicnce covered; differences between the wings 
being limited to variations in the positions of the primary vortex. The span- 
wise looation of this vortex oan be conveniently specified by using the point 
of inflexion in the flow line s v&ich are produced in the upper surface flow 
pattcgns. Iig.19 shows such patterns for the three ogee TJings at an incidenoe 
of15 . At this incidence, at 5C$$ roe* chord the spanvrise positions of the 
primary vortex were as follows:- 

P 0.430 0.450 0.467 
Y/S' 0 .4.2 0.53 0.55 

whilst for all three wings the secondary separation occurred at y/s' h 0.7. 
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At lower incidcnoes, up to about 5’, there were some signs of further flow 
separations inboard of the primary vortex attachment lines on the forward pa& 
of the wings. Iiowcver, these vrcre considered to be an effect of the low 
Reynolds number of the tests and were eliminated when a transition wire was 
Pined round the nose. 

c 

. 

For the complete wing-body model the flow was more complex. At 5' Of 
incidence the flow was still attached on the body with the wing leading-edge 
sepnr,ktion starting in the wing fillet region at about JK@ of the body length. 
Se 
10 8 sration of the flow from the upper surface of the body started just below 

of incidence and by CX, = 15' was clearly marked (Pig.20), resulting in the 
formation of body vortices r:hich trailed back down the centre of the model. 
The separation from the wing loading-edge started a little nearer the nose at 
the higher inoidences but, because the strakes on the side of the body were 
small and not very sharp, the separation over the range of incidence tested 
never began ahead of about 253k of the body length. As incidence was increased 
and the wing vortices grew in strength and moved inboard, they pulled the body 
vortices down towards the model, so that, following 
at a -1 2o", 

the onset of body asymmetry 
the body vortice s v,rapI>ed in succession around the port wing vortex 

(336.20). This was clearly demonstrated by the smoke tests. 

Similar results were obtained on the model without a fillet. In this 
configuration, the length of' the body overhang was g--ester and at full-scale 
the onsot of body-vortex asymmetry at zero sideslip might be expected to ooour 
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 f-t x 3 Pt tunnel 
models in assessing the incidence at which asymmetry commcnoesI are discussed 
in Ref.4. 

A noticeable feature of these flow tests made on a sting rig was the 
steadiness of' the win;;-body models compared with the ogee models. These latter 
were so unsteady at the higher inoidenocs that the tunnel speed had to be 
reduced to 60 ft/sec. Similar problems were experienced with the ogee models 
in the force tests; and furthermore, some comparative measurements of damping 
in yaw on a p = O.&.sO ogee model and a wing-body model have&shown that the ogee 
alone experienced ncgativc damping in yaw at high incidence . 

The lift, drag and pitching moment coefficients of the four models are 
given in T&lo:: 3 and 5. Theso coefficients have been calculated using the 
arcas and aerodynamic mean chords of the whole planform in each case, Lift 
curves me plotted in Fig.5 for the three ogee wings and in Fig.9 for the 
complete wing-body model. 
having the 

The lift coefficients for all these models, all 
same slenderness ratio are very similar, though Fig.5 shows a slight 

tenderIcy for lift at a given incidence to decrease with increasing value of p. 
At d5' of incidence, the four models have lift coefficients some 6s higher than 
those from the mean curve drawn in Ref.5 for gothics (p = 0.667) and deltas 
(p = 0.5). These latter were flat plb:te models and Ref.5 shows that taking 
into account th.lckncss would widen the differences in lift between the present 
shapes and the Poe eothics and deltas. l?urther systematic work on the effect 
of planform and thickness on lift is clearly desirable. This is partially being 
cov;red by tests at prcscn-t 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 Fig.6 
for the ogee models (transition free) show little effect on the approach drag 
within the range of p tested, the differonce in lift-dependent drag factor 
arising mainly from the change in aspect ratio, i.e. K/A is nearly constant. 
Fig.10 shows some advantage for the wing-body model. 

The pitching moments plotted in Pig.7 for the ogees, and in Pig.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. 

4 
3.3 Aerod.ynamic centre position and attempts to improve the static longitudinal *m--c-v 

stabiljtx 

For most of the expected subsonic range of lift coefficient 0.1 to O.i'*, 
the positions of the aerod,ynamic centre moves forward with increasing lift 
coefficient (Fig.13). This forward movement is most marked for the ogee wings, 
particularly in the CL range 0.1 to 0.5. In Fig.14 the pitching moment 

coefficients for the three ogee models and the wing-body model with and without 
fillets hsvc been replotted about moment centres chosen to give neutral static 
longitudinal stability at CL = 0.5. It is evident that for the three ogee 

I 

wings tested the amount of elevator needed to trim at low speed and the amount 
of camber needed to trim at high speed will be greater than that needed for the 
wing-body layout, assuming similar rearward movements of aerodynamic centre with 
Mach number, and no centre of gravity change through the speed range, 

Attempts to reduce the rate of forward movement of the aerodynamic centre 
with lift coefficient mere made for both ogec and wing-body layouts. Thus, for 
the ogce mod21 p = 0.430, six different shapes of extension to the rear of the 
planform were made, to set if more non-linear lift could bc obtained aft of the 
moment centre by adding to the area beneath the lcading- edge vortices (Fig&(a)). 
An analysis of the results given in Table 4 and plotted in Fig.8 shows the 
following changes in static stability margin (Ahn) between CL = 0.1 and 0,7 as 

compared with the basic wing. Ahn is given as a fraction of the ccntrc-line 
chord co which is the same for all seven confikgurations. 

Ring with cxt 

Only the large rectangular extension F yields any reduction in the rate 
of forward movement of the aerodynamic centre. 

On the wing-body model the effect of reducing the non-linear lift at the 
front was tried, the forebody being drooped to reduce the local angle of 
incidence. =7----- 

Such nose drool> is desirable for pilot's view in the approach and 
+ Assuming an approach lift coefficient in the neighbourhood of 0.5 airworthiness 
requirements will demand that the aircraft be adequately cleared to CL CL 0.7, 
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to delay the onset of body vorti;: asymmctry4. Results with simple droop an&M 
of IO0 and 2o", as well as with a parabolic droop, are plotted in Figs.9 and 4Zr 
For these models the changes in the static-stability margin nhn/oo between 
c, = 0.l and 0.7 are listed below. 

The gains due to droop are not large, but are sufficient to ensure that 
the wing+ody layout even with a fillet does .have a nearly linear pitching 
moment v lift relationship. 

For both integrated and win, b-bo&~ layouts the forward movement of the 
aerodynamic centre with increase of lift will be greater when camber is applied 
to the wing, but there is some evidence that for cambers producing the same 
pitching moment Lcrement this ch,ange is 

z 
smaller for the wing-body than the 

integrstcd layout . 

The positions of the aerodynamic centre at a lift coefficient of 0.5 for 
all the models tested arc: sho~,~~ in Fig.l~, plotted against the position of the 
oentroid of area of their total planforms. The fibzxre also shows the mean line 
taken from Ref.7 for thick i:iin@. Analysis of the results with trailing-edge 
extensions to the p = 0.430 ogee model shows that if the length from the apex 
of the wing to the centre of the trailing-edge of the extension is used as the 
referonce length in definin, 0 the positions of the aerodynamic centre and centroid 
of area then the scrodynarnic centre position of all the variants A-F correlate 
well with the basio ping position along c line parallel to the line taken from 
Ref .7. 

3 .Li Contribution of the body and fi& c "1 t to the lift an~tohin~moment of -_u_/ ~~L*mr~-~~-.*-* -*r_u- ~~ss.w*~~;p-*-~~~-m-~ .a=--- 
SC v:inL$&dy model 

In :I'igs, 16 and j7 the lift and pitching moment coefficients of the two 
v:ing-body models based on thu are% 01 o the ning alonc arc plotted together with 
the results for the wint; alone. The effect of the body and fillet on the overall 
lift of the wing is very small and the lift curve using the new reference area, . 1.C. that of a mild gothic ainG is identicrtl &th that taken from Kef.5. A 
chordwisc rcdiatribution of lift is indicated by Pigs.16 and 11. This is shown 
most clearly by the position of the centre of pressure (l?ig,18), and although 
the addition of the body to the .,iling gave a more constant centre of pressure 
position though the rang0 of inoidcnce, the subsequent addition of the fillet 
caused a rapid l'orward movement of the centre of pressure at the higher 
incidonces. The effect of this latter addition on the: aerodynamic centre 
position is showil. in lSg.13. 

Since the size of the strakes on the complete model was insufficient to 
fix the beginning of the leading-cdgc separation at one point for all 
incidenocs, ~hilc, l:ith the mid-wing position the wing vortices failed to 
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a@l.X&ot the body vortices at the lower incidences and to prevent them trailing 
dvIser the fin position, it is considered that fillets of this type serve no 
useful purpose. 

4 COIKLUSIONS -m-e- 

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 cnable some low-speed aerodynamic comparisons to be made between the 
integrated &nd wing-body layouts. 

For the three ogre planforms tested, the changes in leading-edge sweep 
were gradual enough not to impair continuous vortex development along the 
leading edge. &ith the wing-body arrangement, flow separations from the body 
a-t moderate incidence gave rise to body vortice s which trailed back down the 
centre of the moclcl. At high incidences these body vortices became asymmetric 
and wrappod round the wing leading-edge vortices. The presence of a planform 
fillet in the wing-body junction, continued forv{ard as small strakes on the side 
of the body, yielded no improvements and introduced uncertainty in the position 
of’ the start of -the v,G.ng l~~Eng-o:ige vortices. lurthcr work on other -wing- 
body arrangement s not reported horc has demonstrated the variations in wing and 
body vortex interaction which can be obtained as the reiative strengths and 
positions are changed. 

Ail the models tested had the same slenderness ratio and showed virtually 
no ohange in lift coefficient, based on the tot:-1 planform area, ;r:ithin the 
small range of' p tested. These lift coefficients were some 6% higher than those 
measurd carlicr for gotl:ic ani! dclts :7ings of the sttme slenderness ratio but, 
assessing the lift cocf'f'icient of the wing-body models on the area of the basic 
wing gave the same lift as measured on the y:ing alone and on the gothic and delta 
wings . 

Analysis of the pitching moments shoncd a forward movement of aerodynamic 
centre aith increase of lift on all the models, this being more pronounced for 
-Ihe ogec @anforms. Adding wing root planform fillets to the wing-body model 
increased the Sorvrard movement of aerodynamic centre. Attempts to reduce this 
movement on one of the ogec models by trailing-edgc extensions were not very 
successful. However, on the complete wing-body model drooping the forebody 
yielded some benefit, and this improvencnt taken in conjunction with the effect 
of the fillet indicates that n drooped nose version of the wing-body model 
without a fillet should be virtually frsc from forward movement of the aero- 
dynamic centre with incidence. 
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s-!mt? OLS .-a"m-sx-Aw 

.A aspect ratio = b2/5 = b/poo 

b SptMl 

0 0 centre-line chord of the ogee models and the bodies of the win&-body 
models 

0 
0 

centre-line chord of the ming of the wing bo&y model 
v? 

z 
c aer~ocl-ynnmic man chord 

cD drag ooefficient 

cDo ,~ero-l.irt drag coefficient 

CL lift ooez"P icieu~t 

c m pitchicg momclnt coefficient 

t a ir,cideroe (in degree;;) 
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m-e ew*= c*-e 

Centre-line 
chord (co) in. 

Span (13) in, 

Area (S) sq in. 

p= sbo 

A = b2/S z b/p 
0 

AcroQnamic mean 
chord (Z) in. 

-b/co 

Di:: I.ac.oe 0.2 
moment centre 
behind apex/c0 

!v!omerit ocntre for 
neu-k-a.1 stalY&ity 
at CL = o.5/ho 

(see Eig.'14) 

Distance of centre 
of ,area behind 
aP=/oo 

w3LE '1 -- 

Details of models ----*a 

(4 Ivisin dime_n_sJon3 

10.29 

103.2 

0.430 

0.970 

t4.tD 

0*&17 

0.602 

0.6755 

0.680 

O.G?9 

Ogee Wing + body 
f fillet 

24.67 

-- 

24.67 

-W-B 

Wing 
+ body 

LW/m__l 

27.00 

10.29 

1 *l&.2 

0.450 

0.927 

10.23 

118.5 

0,467 

0.894 0.917 

19.27 Il.27 

13G.9 127.9 

0.450 0.574 

0.927 0.993 

'i5:1p 

0.4.17 

0.616 

‘15 .OG 

0.417 

0.611 

15.61 13.65 

0,417 0.572 

0.578 0.6925 

0.676 0.6595 0.670 0.548 

0.665 0.660 0.6765 0.683 

o&2 

-II&- 

0.6gh.5 0.7085 0.711 o&i4. 

-- 
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i 1 
trsnsvers 
section 

(in.) 

c 
P 

+ Local, span 

= 0A30 P = 0,450 

0 0 
0*58 0.56 
I *co -1 .Ul 
1*3$ I*39 
1 .y/ 1 JO 
I .G2 la99 
2.08 2*27 
2137 2.57 
2.66 2.9’1 
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1;. 54 5aOl 
5.26 5.74 
6.08 
7.0’1 I 

6.53 

! ' 

7.36 
7.07 820 
Go88 848 
9.62 f 9& 

IO.09 
IO.29 

; lO.~l 
' 1023 

(in.) 
I = 0.467 

--;. *a 
0 

0.60 
I .Ol 
I.32 
1.57 
~83 
2J2 
w-7 
2.91 
3*44 
4105 
4.75 
5.50 
6.30 
7.72 
7491 
8.66 
9,31 
9d3 

IO**17 
IO*23 

br L----d 
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0 

0.005 
1 .Oll- 
2.07 
3.dO5 
4.95 

2:;: 
7.23 
8.23 
9.23 

10.06 
.10.78 
II .26 
II .575 

rmmrrm-c-r* .ate.s 

Z5 
0.74 
0.855 
0.925 
0.925 
0.895 
0.835 
0,755 
0.645 
0,505 
0.335 
0.02 

e.w 



Ljfl- *a, -, 
ia%amLa,,"j, ~tchir?tf;,oment coef.Xcients of the ggee yodel... -"erw* T-m-. w---B-. 

p = 0.430 (moment centre Et-t 0.6755 co) 

v. = 200.2 -f’t/sec 

-3*95 
--i .35 
to.2 

2.25 

2: 23; 
10.3 
12.4-5 
14.35 
16.5 
18.45 
20.55 

-0.096 
-0.04-G 
+O.OC4- 
0.052 
0.l IO 
O.l-~l 
0 .2&-O 
0.312 
o-394 
0.4-74 
0.559 
o . 64*1 
O.-j??5 

0.0142 
0. ooye 
0.007: 
0.0101 
O.Ol5Z 
0.0254 
0.cY.k06 
O.OGilG 
o*oi;37 
0.1232 
0.1660 
0.2135 
0.2709 

16.6 O.G1:.7 0*216? 
20.6 O.,‘jO 0.2712 
22.55 0.31 r, 0.334 
31, L ,-• G o.(;y 0.33G5 
26.65 0.972 0.4735 

I 
---I.. .& 

p I 0.450 (1cOEEil-t centre at 0.676 Co) 

-0.02$3 
-0.0202 
-o.olyG 
-0.01~0 
-0.0'138 

"LIsaI-- 

0,oodo 
0.0026 

-0.0002 
-0.0027 
-0.0065 
-0.0101 
-0.Ol35 
-0.01 Gg 
-0.0186 
-0.0202 
-0.02oq 
-0.0203 
-o.o,i 71 

2.18 
2.59 

2.93 
2.06 
I .86 
I.75 
*i .66 
I . 61 
1.57 
I .51-k 
I.53 
I .53 

d.52 
1 .yl 
I .50 
1.50 
I r- 3 . J‘- 

eta 

y = 200.2 i'"L/SCC 

-3.75 -0.090 0.0141 o.oo_;;o 
-1.7 -0,oga 0.0097 0.00l0 
10.25 tO.OO~!- 0.00&0 0.0002 

2.25 0,051 0.0102 -0.0015 

4*3 0.$07 0 .Ol 61 -0.ooj4 

6.35 C*lGc) O.O%$ -c “Ogl!.5 
8.4 0.230 0 l 040-f -0.0059 

*i 0.4.5, 0.313 O.OGl g -0.OOd3 
12.45 0.393 0.0901 -O.OOGl 
q4.55 0.477 0.1258 -0 l oc4y 

16.65 0.559 o/l667 -0.0033 
le.6 0 a G-3 0.21y -0 . 0008 
20.65 0.726 1 0.2714- +0.0031 

-15 - 

2.19 
3.54- 

2,46 
2.06 
-1.77 
I .68 
I .GO 
I.55 
1.51 
1 4-8 
1.46 
I At3 

-6.76 
-4.89 
to.53 

5.05 
6.96 
6.73 
5.91 
5.15 
4.37 
3*65 
3.37 
3.00 
2.68 

2.99 
2.69 
24-4 
2.24 
2.03 

L --.a 

-6.57 
-4.09 
d-o.53 

y; c-3 

&I 
5.91 
5.09 
4.38 
3.80 
3.36 
2.99 
2.68 

-s 



0.0629 -0.0062 
0.1298 -0.0042 
0.2108 -0.0c03 
Om2737 4-o 6 0008 
0.3j35 o.ooc7 
0,4055 0.007-J 
0,,+%5 0.0125 

I *Go 
'1.53 
1.4.5 
I.43 
1.42 
I “43 
1 ,144 

p = 0.467 (n‘iomen” + centre at 0.6755 c,) 

-1;*OC: 
-2.0' 

-0 .OYG 
-0 l Ol&. 

0 0 

+2.0 4-o . Oh-j 
I! -05 0,038 
6.0 O.-i 56 
;3,*i Lj 0 "225 

.lO.l5 0.297 
12.25 0.377 
14.j 0 AGO 
-15.3 0 * 54.0 
Ii;.& 1 0.636 
20.35 : 0,719 

v. = loo*5 ft/s 

10.25 
‘rl.+.j5 
?3.1,.5 
20.5 
22.5 
24.55 
26..( 

0.0136 
o.ooy2 
0,0076 
0 .OO?G 
0.07 50 
O.O%jZ 
0 .0:"74 
0,0$8 
G,O336 
G.1 ,i'73 
0.15;13 
0.2002 
0.2G'i 7 

: 

#.00'1l 
0.0001 

0 
-0 .QQOl 
-0,001O 
-0 .ool5 
-0 * 001 2 
-0.0019 
-0 * 0004- 
+0.0015 

c.m34 
0.0062 
O.OlOj 

-0,002J3 
+0.0021 

0.0072 
0 .oocjy 
0.03 58 
0.0191 
0.02MI 

P--x-e- 

I.83 
2.32 

z*:: 
630 
I .65 
1.57 
I l 50 
1.46 
1.42 
1.39 
1.38 

I .p 
-1 .4-6 
1.40 
1.37 
1.36 
-1.35 
"I .j5 

.- 1. 

5.oG 
3.72 
2.98 
2.69 
2.44- 
2.22 
2cO3 

-- 

-7.oG 
--4.*78 

0 
A.39 

6.53 
6.72 
6.02 
5.23 
4.51 
3.92 
3.48 
3.05 
2.75 

5.12 
3.83 
3.01 
2.72 
2.46 
2.24 
2.05 

Y raotc c 
D 

W&S reduced by O.OOOk in determining L/D 

for lhe p = O.lt'jG ogee because the CD for this 
0 

wins I;TLLD 0.0080 compared nith 0.0076 for the two 
others . 

- 16 - 



TABLE 4 -- 
Lift, dr+snd.l.itchin&moment coefficients of the -q 1-v. -- 
ogee model p = O.LJO v;ith izailinped~e extensions u-s --- 

(Moment oentre at 0.6755 co* Total areas used to 

non-dimensionalize results, see Table 2) 

I 
Extension A 

V. = 200.2 E-t/set 

-3.35 -0e.090 
-1.8 -o.ogt: 
-l-o.2 +0.005 

2.3 0.052 
4.3 0:1oy 
6.35 O.-I79 
Cl.4 0.249 

lO.45 0.326 
12.5 0.406 
l4.55 0 AC8 
16.6 0.568 
18.6 0.655 
20.7 (> .7!!-2 

v. = dOO.5 f&c 

0.0119 
o.ooyo 
0. OOBlc 
0.01-14 
0.0172 
0.02% 
0.044-f 
0.0&z 
0.0972 
O.dj2Y 
O.d7L3 
0.2274 
0.2375 

18.65 
20.55 
22.75 
24.85 
26.85 

0.660 ; 0.2296 
0.730 0.2795 
0.814 
O.YO’i i 

0.3445 
0.41 9 

O.Cj8G I 0.501 

Extension H j 

vO 
= 200 .2 rt/sec 

-3.8 
-1.75 
+0.25 

2.3 
It.25 
6.35 
8.45 

-lo.45 
12.5 

x5 
126 
20.7 

-0.0‘10 ! O.Ol26 
-0.038 0.008y 
m.005 0.008O 

0.052 0.0105 
0.108 0.0159 
0.179 0.0267 
0.250 0 .0427 
0.330 O.OG49 
0.402 0.0922 
0.486 0.1279 
0.572 0.1714 
0.655 1 0.2210 
0.711-i 0.2794 

,,-9MM..O% 

c m 
-- 

i-o.0062 
+0.0027 
-0.0002 
-0.0037 
-0.0090 
-0.0150 
-0.0199 
-0.0249 
-0.02b5 
-o.oyg 
a0332 
-0.0343 
-0.0347 

-0.0341 
-0.0348 
-0.0365 
-0.0393 
-0.0402 

+0.0083 
+0.0029 
-0.0004 
-0.0042 
-0.0100 
-0.0171 
-0.0236 
-0.0299 
-0.0347 
-0.0398 
-0.0440 
-0.0469 
-0.0497 

" 



TfXl3L!: 4 (Continued) r-- 

Jr0 = lOG.!j Pt/Sec 

18.65 
20.75 0.740 
22.75 

; 0.643 

0.834 
2Lc.8 0.926 
26.9 1.003 
“em-*-am n-m 

Extension C 

0.224-y 
0.2829 
0.349 
0.42Oj 
0.504 

--- I 
* 

i 

I 

v = 200.2 Pt/: 
0 

-3,s 
-1.75 
;0*20 

2.3 

::t5 

0.35 
-I/‘1 1c IL*+) 

-12.5 

qr;..j 

16.6 

lS.Gj 

20.:: 

-0.090 
-0.039 
4.0 a 005 

0.054 
0.l .i 2 
O.q8"1 
0.248 
0.324 
0 l !4-03 
0.46j 
O.jS6 
0. t;51!- 
0.734 

G 

0.0127 
O.OOY7 
0.0089 
0.0118 
0.0176 
0*(-J&E 

0.0446 
0.0673 
o.oyjy 
o."i3"12 
0.1743 
0.22c-z 
0.2gj3 

-0.09j ; 0.0129 
-0.041 
+O.OOG 

0.052 
0,112 
0.1 81 
0.252 
0.332 
0 .410 
0.1:.92 
0.580 
0 .6 Gli- 
0.742 

m-s.=- 

0.009i 
0.0086 
O.Oll7 
0 .0185 
0.0286 
0. ov+,c; 
0.0685 
0.0974 
0.1336 
O.-i 735 
0.2307 
0.2&-3 

-0.0488 
-0.0503 
-0.0533 
-0.0596 

-0.0633 

4-o .oog+ 
+0.0025 
-0.0006 
-0.0040 
-0.0092 
-0.0~14.7 
-0.0189 
-0.0223 
-0.0256 
-0.0276 
-0,0292 
-0.0292 
-0.0292 

-0.0302 
-0.0299 
-0.0307 
-0.0313 
-0.0323 

-t-o .ooaj 
l-o.0031 
-0.0006 
-0 l 0044 

-0.0103 
-0.0170 
-0.0223 
-0.0286 
-0.0323 
-0.0357 
-0.0382 
-0.0391 
-0.0401 



(Continued) TABLE 4 

-=-7--T- 

-V-v -e-A 

V. = 100.5 ft/seo 

3dxxsion E .dL I 

'1 ̂ = 200 .2 ft/seo 

I 

U 

-3.75 
-I .-15 

+0.3 
2.3 
4.25 

6.3 
8.4 

10.1{.5 

12.5 
14-.55 
16.51J 

16,6 

20.7 

-0. ow 0.0126 +0.0077 
-0.037 0 l ooy!- +0.0032 
+o.ooG o.ooa3 -0.0004 

0.053 0.01 13 -0.0039 
O.lI2 0.0170 -0.0094 
O.?7fj 0.0269 -0.0449 
0.2i,& 0.0454 -0.0202 
0.322 0.0653 -0.0253 
O.&O2 o.oy3y -0.0300 
@ .48C 0.13lO -0.0343 
0.574 O,j756 -0.0379 
0.652 0.2210 -0.0393 
0. 741 0.2803 -0.0419 

V. = qOO.5 ft/seo 

18.6 / o.GGo 0.2261 
20.75 ’ 0.757 0.2851 
22.75 0.832 0.350 

;‘2:g 1 ;:;;; 0.4225 0.5005 
+--E 

iktenoion P t 
If* = 200.2 ft/seo 

-3.8 
-1.75 
4.25 

2.2 

z5 20 
8.1, 

10.45 
12.5 

-0.Od8 
-0.036 
-l-o.007 

0.049 
0 . I 011. 
0.170 
0.241 
0.323 
0.39c 

0.0158 
0.0100 
0.0027 
0.0100 
0 * 01 h-1 
0.0232 
0.0379 
o.oGo5 
o.ozc3 

--- 

-___u 
c m 

-___I 

-0.0407 
-0.0434 
-0.04-4-6 
-0.0473 
-0.0513 

-. 

+0.0109 
i-o.0041 
-0.0004- 
-0.0044 
-0.0098 
-0.0163 
-0.0227 
-0.0306 
-0.0364 

u-7 

- 19 - 
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(a) ,i~~p~ill&, p = 0.455. Homen- 
. /' c 

0 

v. = 200.4 ;Et/sec I 
i 

-3.95 
4 .95 
-l-O.1 

2.'15 
4.2 

68':' 
,0:35 
-t 2.4 
IL,..45 
-i6,55 
18.6 
20.65 
22.7 
21+,8 

-0.095 
-0.044 
-40.003 
0.043 
0.108 
0.171 
0.243 
0.31 7 
0.396 
o.@o 
0.56C 
O.Gtjd 
0.743 
0,835 
0.323 

c--A 

O&l34 0.004~ 
0.0089 o.oQ-lp 
0.0069 -0.0002 
0.0092 -O.OOd 8 
0.0432 -0.0042 
0.0249 -0.0073 
0.0403 -0.0~105 
0 .06-l ‘I -0.0130 
0.0884 -0.0159 
0.3230 -0.0192 
0.1655 -9.0213 
0.2162 -0.0240 
0.2724 -0.02y3 
0.3335 -0.0273 
o&.-i6 -0.0270 

-- ,k 

t centre at 

2.08 
2.98 

2.76 
2.00 
d.77 
1.63 
I .55 
4.50 
1.45 
1 AC2 
-t .4-O 
,I.38 
1.37 
1.38 

-7.09 
-4.94 
+0.43 

5.33 

2:; 
6:03 
5.19 
4.48 
3.90 
3 .I-!.3 
3.03 
2.73 
2.46 
2.22 

* 21 - 



-0.oeo 
-0.032 
-o.ooG 
4-0.01 G 

0,c?=ic 
O.& 
0 . oy4. 
(,.‘I 28 
0:161 
G.‘i 92 
o.L?c;I;- 
0.3’1-1 
0 .L&. 
O.J?i 0 
0.5gg 
Cl. GI:O 
0.779 
o.Oj4 
61,930 

- -a 

0.0-i-i 3 
0 l ooi32 
0.0065 
0 ,OO-/~l 
0.0(350 
o.Go95 
c .OI q 3 
0.0162 
0.0217 
0.0272 
0.0438 
0.0666 
O.OY75 
0.1333 
c.1301 
0.2326 
0.2329 
0.333 
O.!+l 1 / 

E.b 

O,CO21 
0. oooij 
0.0001 

-0,0006 
-o.oom 
-0.0016 
-0.0026 
-0.00j2 
-0.0039 
-0.0051+. 
-0.ooa2 
-0 0 0-I Ol 
-0,0-i 26 
-0.01 icy 
-o.cx G.'.L 
-0.0182 
-0 .a?01 
-O.a?'10 
-0.0215 

-z- 

3.09 
4.27 

4.55 
2.62 
‘1.8-y 
1 .-71 
1.63 
4.68 
I .62 
I .y? 
-I,50 
q J,Q l -& 

1 .42 

‘I A.1 

‘r ,30 

1 l 37 
-I..$ 
j.36 

-5e93 
-3.YQ 
-0.92 
t2.250 

4.75 
6.95 
7.90 
7.90 
7.42 
7f06 
6.03 
5.12 
4.35 
3.81 
3.33 
2.97 
2.66 
2.50 
2.26 

- 22 - 



MO droop 
v. = 200.4 ft/sec 

-2.35 
-I .75 
-0.75 
to.3 

I.25 
2.3 
4.4 
6.4 
&I;.5 

-lo.5 
12.6 
lLG5 
16.65 
111.l3 
20.3 
22.35 
24.35 
27.0 
-__ui 

IO0 &roop 

-0.067 
-0.039 
-0.Ol7 
-kO .ooG 

0.026 
0.052 
0.1'12 
0.l 74. 
0 l 24-I 

0.315 
0.395 
0.482 
0.568 
0.560 
O.-&t; 
0.833 
C.916 
o.yyp 

--a 

v- = 205.4. ft/sec 

0.0111 
0.0096 
0.0081 
0.0076 
0.0080 
0.009-l 
0.0157 
0.02!& 
0.04 00 
0 .oy35 
C.0683 
O.-l243 
0.1669 
0.2175 
0.274-O 
0.3405 
0.412 
0.432 

i--m- 

U 

-2.75 -0.065 0.0125 
-1.85 -O*(xi2 0.0105 
-0.75 -0.013 0.0090 
a.25 +o .oo& 0. OOfilc 

I.25 0.027 o.oopij 
2.35 0.054 0.0~107 
4.35 O."iO8 0.0358 
G IL- . +-J 0.172 O.OZ~-/ 
8.45 0.24-l 0.0400 

IO,5 0.316 O.OGll 
12.55 0.390 0.0~65 
14.5 0.478 0.1227 
16.65 0.561 0.16yi 
18.7j 0,653 0.2062 
20.85 0.741 0.2655 
22.65 0.830 0.329 
24.95 0.920 0.393 
27.0 I ,004 0 'rr . -r,, 9 

'i 

. 

t 

- - .m-.m-.=. .  

'rn 
I-- 

0.0028 
0.00'1 I 
O.ooo7 

-0.0002 
-0.0007 
-0.001y 
-0.0043 
-0.oO76 
-0.01 Or, 
-0.0133 
-0.0165 
-0.0200 
-0.0223 
-0.0245 
-0.0267 
-0.0268 
-0.0266 
-0.0273 

-- 

0 
-0.0009 
-0.0016 
-0.0026 
-0.0033 
-0.0047 
-0.0067 
-0.0098 
-0.0133 
-0.0164 
-0 .0197 
-0,0238 
-0.0269 
-0.0306 
-0.0337 
-0.0362 
-0.0395 
-0.0418 
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r) 0 -LSV 

-1 .c 
I 

-0.75 
+0.25 

I .2 
2.3 
4.3 
6 .45 
3.5 

IO.45 
12.5 
-i I+. 6 
16.65 
12.75 
20.2 
22.85 
2!b,Y5 
26. -5 I& --w-2_ 

-0 .oG5 
-0 * 043 
-0.020 
+0.00-l 

0.023 
0.05-l 
0.105 
0.171 
0.240 
0.303 
0.3c7 
0.467 
0.553 
0. Gl+.G 
0.736 
0.826 
0.3lil. 
0.979 

-^m-- 

0.0153 
0.0133 
0.0117 
0,0107 
0*0112 
0 .Gl20 
0.0161 
0.0261 
0,04.‘10 
0.0532 
0.0859 
0.1-i& 
0.-1623 
0.2-102 
0.2674 
0.333 
0 .I!-O!&. 
0.467 

v--a- 
t 

Shaped droop I 

-7 \r_ = 200.4 f"c/sec 
u 

-2.65 
-1.65 
-0.6 
+o .4 

I .4 
2.45 
4.5 
6.55 
s.55 

IO.65 
12.7 
14075 
16.3 
18.9 
21 .o 
23.0 
25.1 
27.15 

-0.062 
-0.035 
-0 . o-1 4 
"l-o.009 

0.03.1 
0.057 
0.1 +i 4 
0.178 
c.247 
0 721 
o:;icr,- 
0 , cl<: P G-VW 
0.574 
0.662 
0.755 
0.840 
0.928 
I.015 

0.0122 
c.0103 
0.0093 
o.om7 
0.0098 
0,011? 
0.0169 
0.0270 
0.0413 
0.0626 
0.09'1 i, 
0.1263 
0.1695 
0.2,198 
0.2-787 
0 713 *,)4L 

0.4165 
0.498 

I 
I 

I i 
i A 

-G .0061 
-0.0065 
-0.0061 
-0.0062 
-o.oocg 
-0.0069 
-0.0091 
-0.0122 
-0.0159 
-0.0185 
-0.0220 
-0.0260 
-0.0295 
-0.0327 
-0.0363 
-0.0393 
-0 ,O&.%O 
-0.0449 

m-7-m 

0 coo04 
-0. OOOG 
-0.0009 
-0.0019 
-0.0023 
-0.0032 
-0.co57 
-0. boo5 
-0.0115 
-0.0145 
-0.0179 
-0.0208 
-0.0242 
-0.0276 
-0.0309 
-0.0338 
-0.0357 
-0.03&. 



TABLE Z 

_Lft, dxs.aw coefficientsof: the wing alone 

(Moment centre at O.5l+G co cocresponding to 0.670 co 

of the wing +body models) 

vO 
= 200.5 fth ec 3 

-3.35 
-2.0 
-1 .o 
+0*05 

I .o 
2.05 
3.0 
It.0 
5.1 
6.05 
8.1 

10.2 
12.3 

:t::: 
18:45 
20 A.5 
22.65 
24.7 

-0.084 0.0106 0.0017 
-0.048 0.0079 o.ooop 
-0.024 0.0067 0.0005 

0 0.0054 0 
+0.028 0.0068 -0.0008 

0,053 0.0080 -0.0014 
0.080 0.0096 -0.0024 
0.112 0.0128 -0.0037 
0.149 0.0-l 77 -0.0053 
0.183 0.023-l -0.0064 
0.259 0.0397 -0.0097 
0.341 0.0624 -0.0120 
0.429 0.0926 -0.0140 
0.519 0.1305 -0.0159 
0.506 0.1728 -040178 
0.715 0.2334 -0.0192 
0.804 0.291 I -0.0191 
0.908 0.3675 -0.07 PO 
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FIG. I. OGEE MODELS. 



FIG. 2. WING-BODY MODEL. 
WITH FILLET. 



WING-BODY, 
p = 0.455 

WITHOUT FI 
p=o*450. 

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

WITH AND WITHOUT FILLET. 
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FIG. 4.(a) TRAILING-EDGE EXTENSIONS TO OGEE 

MODEL, p=O.430. 
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FIG. 4.(b) NOSE DROOP ON WING - BODY MODEL 

WITH FILLET. 
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MOMENTS OF THE P=O-430 OGEE MODEL. 
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(semispanlroot chord) of 0,209. The associated surface flow patterns were 
also observed. 

Although the models were symmetrical and did not represent strictly Although the models were synmietrical and did not rewesent strictly 
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also observed. 
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transport, some useful low-speed aerodynamic comparisons between the 
irtegrated or ogee models and the wing-body were obtained. The results , 
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(i) very similar lift characteristics, 

(i) very Similar lift characteristics, 

(ii) a slightly smaller drag for the wing-body model, 

(iii) better static longitudinal stability characteristics for the (iii) better static longitudinal stability characteristics for the 
wing-body model, especially when the wing planform was not faired msoothly wfng-body model, especially when the wing planfcrm vms not faired mothly 
into the body* into the body. 

Attempts to hanrove the 1ongi:udinal stability of one of the ogee 
wings, by minor planfoxm modifications at the rear of the ~1% intended to 
reduoe the forward movement of aerodynamic centre with incidence, were 
largely unsuccessful, but provided some useful data on thf, 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 static 
longitudinal stability. 

(ii) a slightly smaller drag for the wing-body model, 

(iii) better static longitudinal stability characteristics for the 
wing-body model, espcially when the wing planform lsas not faired smoothly 
into the body. 

Attempts to improve the longitudinal stability of one of the ogee 
kfrgs, by minor planform modifications at the rear of the wing intended to 
reduce the forward movement of aerodynamic centre with incidence, mere 
largely unsuccessful, but provided some useful data on the efrect of 
trailing-edge shape. For the wing-body model, drooping the nose was a 
successful modif ication and it is suggested that a droobt G nose version of 
the wing-body model (without any planform fillet) would have good static 
longitud!nal stability. 

(i) very similar lift characteristics, 

(ii) a slightly sIImller drag for the wing-body model, 

Attempts to improve the longitudinal stability of one of the ogee 
wings, by minor planrorm nmdifications at the rear of the wing intended to 
reduce the forwarxi movement of aerodynamic centre with incidence, were 
largely unsuccessful, but provided sonm useful data on the effect of 
trailing-edge shape. For the wirg-body model, drooping the nose was a 
sxcessful modification and it is suggested that a droqed nose version of 
the wing-body model (without any planform fillet) would have good static 
longitudinal stability. 
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