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SUMMARY 

Low speed longitudinal stability measurements are described on a delta- 
wing alrcraft model of aspect-ratio 2.9 and 40' leading-edge sweepback, with 
shroud blowing over trailing-edge flaps and ailerons. 

With blowing over the flap alone at s. flap angle of 60' (aileron 
undeflected), increases were obtaIned of O-27 in trimmed CL at constant 

incidence and of 0.19 in trimmed CLmax, at the value of C (O-031) envisaged 

for the proJected aircraft. Corresponding reductions in lfncling and take-off 
speeds of about 10 knots could have been expected in practice. By distributing 
the ssme total jet momentum to flap and aileron, with j0" aileron mean droop, 
further lift increases were obtalned corresponding to .adZlltional reductions of 
about 8 knots in aircrdt speeds. 

The bencfxial effect of the L.E. flap was large, amounting to 5' increase 
of stslling angle and 0.3 increase in CL,= with blo+,in& over trailing-edge 
flaps and ailerons. 

The measured effects of blowing correlated well with results of other 
model tests involving similar wing-flap arrangements. In particular, part-span 
blown flaps were again found to produce large drag increments significantly 
affecting the alrcraft minimum drag speed. 

Replaces R.A.E. Report No. Aero 2671 - A.R.C. 24 502. 
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1 INTRODUCTION 

A series of experimental investigations has been completed in the No.2 
11s ft x 8; ft Wind Tunnel on the application of boundary layer control by 
blowing for high lift to several specific aircraft configurations. These 
comprised T.E. flap blowing tests on the De Havilland Sea Venom', the 
Vickers-Supermarine Scimitar*, the Saunders-Roe P.177, and subsequent tests on 

a sweptback wing with blov,ing at the wing nose as 1iell3. 

The present paper discusses lift, drag, and pitching moment measurements 
made on a half-model of the Saunders-Roe P.177, which was a proposed development 
of the S.R.53 as a hirrh-altitude interceptor viith a mixed power plant 
(Gyron Junior/Sceptre 5 . Some principal aerodynamic features were the 6X thick 
cropped delta 9ing, of aspect ratio 2.29 and !+O" leading-edge sweepback, with 
leading-edge flaps and blowing over the trailing-edge flaps and ailerons, 
combined nith a high position for the tailplane. 

A comparison is included between the estimated and the measured effects 
of blowing. 

2 MODEL DETAILS 

A quarter-scale starboard-Ning half model was mounted on the lower balance 
of the R.A.E. No.2 11s ft x 8; ft Wind Tunnel (see Fig.1). The model, which was 
constructed by Saunders-Roe, was of composite construction. The blowing ducts 
and nozzles, and the mounting brackets were made of dursl and mild steel; the 
flap and the aileron from hydrolignum; the remainder of the wing, also the 
fuselage, from mahogany. 

The wing was fitted (see Fig.2) with a full-span tapered main duct 
supplying the high-pressure air to the nosslcs (see Fig.3a) in the wing shrouds 
ahead of the flap and the aileron, The eJected air impinged tangentially on 
the upper surfaces of the flap and aileron in a typical shroud-blowing 
installation. It #as possible to seal off parts of the nozzle span to obtain 
varying spanvise extents of blowing, or to simulate the effect of local 
blockages due to flap and aileron support gear (see Fig.3b). The nozzle depth 
was set by small 0.2 inch wide spacers at I.5 inch intervals across the span. 
The blowing coefficient was normally varied by changing the pressure ratio, 
but sqmetimes by altering the test speed. 

Principal details of the model geometry are given in Table 1. The wing, 
of full aspect ratio 2.29, had a cropped delta planform of taper ratio 2~87, 
with a 61: thick R.A.E. 102 section streamwise. 
with 3” wing-body angle and 5” anhedral. 

A mid-wing position was chosen, 
The flap and aileron angle ranges 
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tested were 0' to 80' and 0' to 50' respectively. The wing was equipped with 
alternative leading-edge flaps, simulating settings of 0' and 30" (normal to 
hinge-line), and were split at mid semi-span to permit a part-span cease to be 
tested. Most of the tests were made with 30' full-span doflcction. Comparative 
tests were also made with 8 small sharp leading-edge extension (see Fig.5). 

Normally, a tip weapon was attached, since this was the proposed standard 
aircraft condition (see Fig.2). Tests were made to find the effects of removing 
this weapon, and of adding an underwing drop tank, an airbrake, and the main 
undercarriage assembly (see Fig.4). 

A half-tailplane without elevator was supported by a flat-plate fin, 
the normal fin not being represented. A foreplane was also added to the 
model for B few tests. Internal engine flow was not represented, the intake 
and tail pipe being faired over, 

Most of the tests were made at 200 ft/seo, correspondi 
Reynolds number of 4.0 x 106 (based on aerodynamic mean chord T. 

to a wing 

3 EST PROCEDURE 

3.1 The effect of blowing air supply on balance zeros 

'Ihe air supply feed to the model was similar to that adopted earlier for 
the tests on the D.H. Sea Venom'. As previously, the zeros for blow-on runs 
had to be taken with the correct static pressure conditions in the canvas sleeve 
connecting the "live" model to "earth". The sero scatter was only slightly 

7 
rester than that which would have occurred normally with a conventional 
non-blowing) model on this balance. 

A full description of the air supply arrangement con be found in Ref.4. 

3.2 Definition and measurement of blowing momentum coefficient. and 
range of values covered 

The sectional momentum coefficient C; [s mvj/&pUo2S'.&i is defined in 

terms of the mass flow rate m and the theoretical jet velocity vj assuming 
isentropic expansion to free-stream static pressure. It may be calculated from 
the pressure ratio P 

d PO and the cross-sectional area S" of the noszle:- 

and 

I+33 x IO4 S" 
c’= + P 2 

2 po"o 

&+f"- $1 @ < ,*8,,> 
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or, alternatively, from the pressure ratio and the measured mass flow rate 
m (lb/set) 

The symbols and units are defined in the list of symbols et the end of 
the text. The momentum coefficient, C based on gross wing area can be 
derived from CL by writing P' 

To measure the momentum cceffxlent on the tunnel model, it was therefore 
necessary either to know the 

P 
ressure ratio and the throat area of the nozzle 

(assuming full flow in nozzle , or else the pressure ratio and the mass flow 
rate. Both methods were used. The spanwise distribution of total head at the 
nozzle was measured for a prescribed static pressure at the orifice plats, the 
latter being used during test runs to set the required mean pressure ratio at 
the nozzle. The throat area at the nozzle was calculated from the net span of 
the nozzle and the average depth, the latter being checked by feeler traverses. 
The mass flow rate was measured by standard orifice plates in the supply lines. 
The alternatIve methods agreed within %; values derived from actual mass flow 
measurements, which were the smaller as expected, have been used throughout. 

Typicd spanwise variations in nozzle depth and total head, PD, are shown 

in Fig.6 for this model. ?he small variations found vrculd not be expected to 
have had any large adverse effects on the results. 

The formulae given above show how the secticnd momentum coefficient, C', 
could be varied by altering one of three test variables, nsmely nozzle depth, P 
pressure ratio, or wind speed. It has been established elsewhere4 that the 
momentum coefficient is the primary parameter determining the effects of blowing. 
Usually, the momentum coefficient was varied by altering the pressure ratio. 
However, to obtain the higher values of the momentum coefficient, a few tests 
were made with the test speed reduced from 200 ft/sec to l&O ft/sec. 

The principal range of conditions tested is summarised by the following 
table, page 9. 

On the aircraft, it was envisaged that C = 0.031 would be available. 

This would be equivalent to ChF = O-072, $A ='O (blowing over flap c&y) or 

C' = C' = 
PF PA 

O*OL&+ (blowing over both flap ana aileron), at which two ccnaiticns 

most of the present tests were therefore made. These are average values: the 
lccal. sectional momentum ocefficient varied inversely with the looal wing chord 
beoause the nozzle depth was constant across the span of each control (see 
Sectim 4.2). 
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I 
I Spanwise 

%F "b* 
I 1 i 

Test C ' Pressure Flap 
extent of 

Speed P ratios angle 
blming P 

Blowing Over 0 0 0 Usually 450 or 
200 o-020 0 0 -009 up to 60' (AISO 65’ 

the flap ft/sec o-035 0 0.015 3:l and 750 at 
o-051 0 o-022 = o-072) OdY 0.072 0 O-031 cbF 

140 O-101 0 0 W+ up to 
ft/sec o-143 0 0.062 3:l 

Blovung over 0 0 
200 0.018 O-018 o-013 up to 60“ 

both the flap ft/sec o-029 o-029 0~021 3:l 
0*0&l+ o*oI+!+ 0*031 

and the aderon 

Aileron 
angle 

5 

usua.l1y o" 
(Also o0 to 60° 
with p = 60", 

%F = o-072) 

usual.1y 30" or 45C 
(AISO o", 15O, 60" 
with 
CGF = cI;* = O~O&l+) 



3.3 Corrections 

Blockage corrections to * p,UE have been calculated by Maskall's 

treatment5,whioh allows for increased wake blookage,when separations are 
present. It was found to be no longer satisfactory'to apply a constant 
blockage correction, so a graduated allowance has been made as illustrated by 
the following table of typical values. 

Flap and % correction to 3 p,Uz 

aileron Low incldences At stall I Above stall 

The following conventional tunnel constraint corrections were subsequently 
added:- 

Aa = o-879 CL 
no tailplane 

acD 
= 0.0153 CL2 

no tailplane 

CL 
no tailplane 

(qT in degrees). 

4 TEST RESULTS 

The main results, described in para 4.2, were designed to establish the 
effects on the longitudinal static stability characteristics of varying both 
the amounts and the spanwise extent of blowing, for various combinations of 
flap and aileron angles, including the effect of local nozzle blockage to 
represent %pical flap and aileron support gear. For these tests, a standard 
model configuration corresponding to take-off condition was adopted, with a 
full-span leading-edge deflection of 30" and a simulated weapon attached to 
the wing tip. 
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The remaining sections deal with the effects of various modifications to 
the standard configuration, a particular aim being to establish any mterac- 
tions between such modifications and the effectiveness of blowing. Firstly, 
the effect of vsrying the leaaing-eage flap deflection is consiaerea in 
para 4.3. The effect of a small sharp extension to the wing leading edge is 
examined in para 4.4. The effects of the tip weapon, a drop tank, an under- 
carriage assembly and an airbrake are discussed in pars 4.5. Lastly, the effect 
of a foreplane in adaition to the usual tailplane is considered in para 4.6. 

4.2 The effect of blowiw over the flap and the aileron 

Three spanwise extents of blowing were investigated (see Fig.%): 

(i) blowing over the flap only (nozzle configuration A); 

(ii) blowing over both the flap and the aileron ( C); 

(iii) blowing over the aileron only ( Jr. 

The majority of the tests were aone with A or C. 

It will be seen from Fig.3b that the nozzle depth was maintained constant 
over each control span, as was proposed for the aircraft. Thus, the sectional 
momentum coefficient varied inversely with the local wing chord across the flap 
and the aileron, increasing continuously from the inboard to the outboara end 
of each control in the same sense as the locd control chord/wing chord ratio. 
The sectional momentum coefficient values quoted represent mean values equal 
to the true sectional values at mid-span of each control. 

Most of these tests on the stan&nd model configuration (see para 4.1) 
were aone without tailplane; ranges of tailplane settings sufficient to 
establish the mean downwash at the tail and to permit estimation of the tail- 
plane settings to trim were tested in a few principal cases. 

4.2.1 Lift ana stalling behaviour 

Figs.7(a) ana (b) show the effect of blowing over the flap only at flap 
angles of 45’ ana 60°, with the aileron undeflectea. Figs.7(c),(a), and (e) 
show the effect of blowing over the flap alone and over both the flap and the 
aileron, with a flap angle of 60' and aileron angles of 19, 30", and 45' 
respectively. 

The application of blowing substantially increased the lift coefficient 
at constant incidence, the most rapid rate of increase occurring at the lower 
values of the momentum coefficient, as might be expeotea. The lift-incidence 
Curve slope was practically unaffected by blowing, but the stalling incidence 
was reaucea by two or three degrees. Tuft observations showed the wing std.1 
to originate from flow separations at the knee of the deflected leading-edge 
flap, which were aggravated by the increased loading when blowing was applied 
to the trailing-cage controls. The stalling behaviour could presumably have 
been improved by applying B.L.C. to the knee of the L.E. flap. 
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In order to examine the effects on lift in more detad, it is convenient 
to consider the changes in the lift coefficient at a constant incidence of +5'. 
The variation of ACLp,B with tie flap angle p is shown in Fig.8, where ACLF+B 

is the increment produced by the flap and blowing, referred to the plain-wing 
lift coefficient at the same Incidence. ACLF+B increased with p, attaining a 

flat-topped maximum at 60" for C = 0*031, where the lift increment due to 
P 

blowing was about 0.35. There was evidently no advantage to be gained in this 
instance from larger flap angles as far BS lift was concerned, moreover the flap 
drag rose appreciably above p = 60" (see para 4.2.2). 

The variation of the lift increment with momentum coefficient 1s shown in 
Fig.9. Once attached flow was attained, further increases in momentum 
coef'ficlent produced less rapid increases in the lift increment (Fig.Ya). The 
value of the momentum coefficient needed for flow attachment increased 
noticeably as the flap angle was increased above 45', with the nozzle located 
in the wing shroud. Some reduction In the momentum coefficient required for 
attachment at the larger flap angles could probably have been achieved by 
locating the nozzle on the nose of the flap. 

At the same total momentum coefficient (Ccl = 0.031)expected to be available 

on the projected aircraft, the lift increment could be mcreased appreciably by 
drooping the aileron, especially when blowing was applied to both flap and 
aileron (Pig.4,). This can be seen more clearly in Fig.10, which shows the 
variations with aileron angle of both the flap + aileron lift increment and 
the aileron lift increment. With blowing over the flap only, a mean aileron 
droop of 15' would be feasible whilst retaining adequate aileron power over a 
dlfferentisl range of 35'. By applying the same total rate to both flap and 
aileron, an increase in mean aileron droop to 30" would be feasible, although 
with some reduction in the contribution of the down aileron. 

The variation of Qm 
ax 

with momentum coefficient (Fig.11) is similar to 

that of ACL~+~+.,. However, the beneficial effect of blowing on CL,,, was 

smaller, since the stalling incidence (Fig.12) was rcduccci kth T.E. blowing. 
As has been suggested already, this could have been prccludcd by suitable 
B.L.C. at the wing L.E. 

Feasible combinations of flap and aileron angles, and blowing spans,are 
compared in Flg.13 at the total momentum coefficient (C q O-031) expected to 

be available in an aircraft application. The flap anglg has been limrted to 
60' and the mean aileron droop to 15" (no aileron blowing) and 30" (with aileron 
blowing). Both no tailplane and trimmed lift curves are shown (using a t~ical 
alrcraft C.G. position at O*jOs); the trimmed curve for a flap angle of 60 
(aileron undeflected) wlthout blowing IS Included for comparison. 

The a pllcatlon of blowing at the rate expected to be available 
(CP = 0.031 over the flap only with aileron undeflected increased the trimmed f 
CL at 5' lncldence from 0.54 to O-81 and the trimmed CL,,, from I.21 to l-39. 

By drooping the aileron 30' nith the same total jet momentum applied to both 
flap ana aileron, further Increases were obtained to I.04 and I.56 respectively. 
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To attain the projected aerodynamic performance at take-off', it was found 
essential to prescribe the best available configuration. Therefore, most of 
the remaining tests (para 4.3 - para 4.6) were made at p = 60°, 5 q 30°, 
CGF = c;* = o*olJ+ (cp = o-031), although a few measurements were dso made for 

comparative purposes at p e 60', 4 = O', CGp = O-072, C;A = 0 (C,, = O*Ojl). 

Comparison between measured and estimated flap lift increments are made 
in para 5.1. Freaictions of the effect of blowing on stalling, take-off ana 
approach speeds are given in Appendix 1. 

4.2.2 Drag 

Figs.l&(a)-(e) show the effect of blowing on the CD v. CL curves for 

various combinations of flap end aileron angles. The quoted drag coefficients 
include aw jet thrust which might have been recovered. Even so at large 
flap angles the drag coefficient at constant CL (below the stall increased I 
appreciably with C 

P 
unless the aileron was deflected. Large increases in lift- 

dependent drag due to flap have been noted previously with part-span blown 
flaps. The detailed effects of flap end aileron settings at constant C are 

P 
shown in Figs.15 end 16. By partial deflection of the aileron, so that the 
spanwise loading became more uniform ena the discontinuity between the flap 
and aileron was reduced, these drag penalties could be reduced or even 
eliminated altogether. 

The drag curves for the projected aircraft blowing rate are shown in 
Fig.17 (corresponding to the lift curves of Fig.13). !PXO trimmed curves are 
shown; at e given incidence, the changes of drag on trimming were appreciable. 
The combination which w&s suggested from lift considerations as that likely to 
be most suitable on the aircraft at take-off (p = 60°, E = 30°, 
CfiF = CGA = O*Ol+l+) also tended to minimise the drag. Since this particular 

combination would lead to a higher minimum drag speed (see Appendix 2), .e larger 
flap angle might be preferred for lading. 

The measured effects of blowing on drag are compared with estimates in 
para 5.2. The predicted effects on minimum drag ma minimum drag speeds ere 
discussea in Appenaix 2. 

4.2.3 Fitchinn moments 

The effect of blowing on pitching moments is illustrated by Figs.18 to 20. 
Figs.l8(a) to (e) show the effect of blowing on the C v. CL curves, referred m 
to the test C.G. position (0.367:) for various arrangements of trailing-edge 
flap ana aileron angles. As would be expected, the application of blowing 
increased the nose-down pitching moment (as well as the lift) at constant 
incidence, the variation with CP being particularly rapid at the lower values 

of the momentum coefficient, when attached flow was being attalned over the 
flap. There was a smell destabilising tendency resulting from blowing at high 
incidence3 below the stall. Blowing increased the severity of the pitch-up at 
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the stall, as the pitching-moment values above the stall tended to revert to 
the values for the unblown condition. At a given tail-setting, the tail-on 
curves with and wxthout blowing were less dxplaced than the corresponding no- 
tail curves, as a result of the increased downwash at the tail. At low 
mcidcnoos with flap blowing, the tailplane partially stalled at the more 
negatxve tail-settings (see, for example, Flg.l8(d)). 

For the projected aircraft ConfIguration, F1g.19 shows the effect of flap 
angle, aileron angle, and spanwxso extent of blowing, on the pitching-moment 
curves at c 

P 
= o*ojq. Note, in particular, the large nose-down pitching-moment 

coefflclents which have to be trimmed out, and which result In considerable 
trimming lift losses (see Fig.13). 

Fig.20 shons the varlatlon of downwash at tail, and tail-setting to trim, 
with o, 

vi* The downvash curves for flap angles of l+3o and 60' with no blow are 

coincident wthin experimental accuracy; this is reasonable, since the lift 
increments produced by the unblown flap at these angles were virtually the same. 
When blowing was applied to the flap, with the aileron undef'lected, the downwash 

at constant aw was increased and the value of g also was increased, so that the 

longitudinal stability was decreased. With blowng over both deflected flap and 
aileron, there was a further small lnorease In downwash at the tall, but no 
further loss of stabil,ity. 

The tail-setting angles _to trim in Fig.20 have been evaluated at a typical 
aircraft C.G. position of 0*3OC, for the symmetrxal tail without tailplane flap. 
For the blow-on curves at low vding lncldcnces, the tail-settings to trl:i have 
been estimated by extrapolation assuming a linear tail lift slope, as the tail- 
plane had stalled in the model tests. hou-ever, on the full-scale aircraft, with 
tho tailplane flap deflected, it would probably be just pcsslble to trim III the 
worst case, that IS, at low to moderate wing lncldences with blowing over 
deflected flap and aileron. 

The ratio3 of measure& pitching moment. and lift increments at constant 
incidence due to the tralllng-edge controls are compared wth estimates in 
para 5.3. 

4.2.4 The effect of local nozzle blockage to represent flap and 
allaron support gear 

Mormally, all tests were done vrlth confxguratlons A,C, or J (see Fig.3(b)), 
the nozzle depth being set by a serxs of 0.2 Inch vride spacers at l-47 Inch 
pitch spanxxe, occupying in all about 13% of the control span. To determine 
the effect of local nozzle bloc!cage produced by the support gear arrangement 
likely to be used on the aircraft, some of these spacers were replacea by wider 
spacers (O-5" to 1.2") for repeat tests at the same total momentum coefflclent, 
the pressure ratio being @u-ted to compensate for changes in nozzle cross- 
sectlonsl area. Also, In one case (configuration G) all the small. spacers were 
removed and the gap set by the 6 8A retaining screws alone, to ensure that the 
usual spacers were not having any appreciable adverse effect. 
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The effect of nozzle blockage on lift is shown in Figs,2l(a)-(c) for 
various flap end aileron combinations. Fig.2l(c) shows that the performance 
of the usual configuration, C, could be slightly impmved by removing the 
0.2 inch wise spacers (G). However, after due allowance has been made for the 
difference in momentum coefficient, the improvement in CL was only about 0.01, 

with a somewhat larger increase in CL,~,. Thus, the usuel test configurations 

A,C, and J represented a good nozzle instsllation. 

The lift losses which resulted from introducing the wider spacers 
(O-5 - I.2 inches model-scale) were, however, appreciable and demonstrate the 
desirability of avoiding such blockages. Wt studies on the flap aft of a 
I.2 inch spacer showed that a wedge of separation emanated from the unblown 
portion of the span sna spread outboards and inboards towards the trading-edge 
of the flap. On the other hand, no such weage was detected behind the usual 
0.2 inch wide spacer. 

Configurations E,F H, each having 2 inch span of wide spacers, behaved 
much the same (Frg.2l(c)j. So also did configurations, D,I, which each had 
2.7 inch span of wise spacers. The lift losses, O-12 and 0.16 respectively, 
were in the same ratio. This suggests that the span of wide blockage may be a 
useful parameter in determining the order of the lift loss which will occur. 
In two cases, H and I, the nozzle aepth was increased locally next to the wide 
spacers to compensate for the local reduction in blowing rate but this clearly 
had negligible remedial effect. 

As seems reasonable, the lift loss resulting from a given blockage was 
larger at lower values of the momentum coefficient ana increased with flap 
angle (Fig.22(a)). The lift loss can easily be 2% to 3% of the increment 
due to blowing with moderate blockages quite likely to be encountered in 
practice without careful design. 

4.3 The effect of the leasing-cage flap 

The leading-edge flap was usuallgr deflected 30’ (normal to hinge line) 
whenever the trailing-edge controls were deflected. However, some tests were 
done with a range of leading-cage flap settings, both for the plain-wing case 
and also with blowing over deflected trailing-edge flap and aileron. 

The beneficial influence of deflecting the leading-edge flap on maximum 
lift and stalling incidence (Fig.23(a)) . 1s seen to have been very large*, 
particularly when the trailing-edge controls were deflected; at low inciciences, 
the loss of lift at constant incidence which resulted from deflecting the 
leasing-edge flap was scarcely noticeable. The stalling behaviour of the wing 
with the leading-edge flap deflected could presumably have been improved still 
further by applying slot blowing or distributed suction at the knee of the 
leading-edge flap, as tuft studies showed that the initxl separations occurred 
at the knee of the flap. 

*The leading-edge separations which occurred with the leading-edge flap 
undeflected could have been reduced, with consequent improvements in Cba, 

and stalling incidence, by applying some nose camber. 
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Fig.23(b) shows the effect of the leading-edge flap on drag. At the 
higher incidences, the drag at constant CL was larger with the flap undeflected, 

as a result of the mor 
?! 

extensive separations. &en with the leading-edge flap 
deflected, the CD V. CL curve remained linear only over a small incidence range, 

because the tip stall started to spread inboard at comparatively low incidences. 

Finally, Fig.23(c) shows tine effect of the leading-edge flap on pitching 
mcments; both tallplane-off and tailplane-on curves are given for the plain-wing 
case, but only the tailplane-off condition was tested with trailing-edge controls 
deflected. The tailplane-on curves show that the pitch-up for the plain-wing 
case was more severe when the leading-edge flap was deflected, but occurred at 
a higher lift coefficient. With the trailing-edge controls deflected, ti-erre 
was a pitch-up in all the no-tailplane curves; the pitch-up occurred at higher 
lift coefficients, and was somewhat more severe, when the leading-edge flap was 
deflected. 

4.4 The effect of the sharp wing lo&in&-edge extension 

The effect of adding a symmetrical sharp 1.01% chord extension to the 
basic wing section (RAE 102, 67; t/o along stream) is considered here. The 
effect on lift is shown in Fig.&(a). With the leading-edge flap undeflected, 
the sharp extension had negligible effect at moderate incidences, although 
reduo ing Cbax by 0.06 and the stalling Incidence by about 2 degrees. With the 

leading-edge flap deflected 30°, the losses were even smaller,belng about 0.02 
and 1 degree respectively. This is reasonable, since the stall was then 
determined more by conditions at the knee of the leading-edge flap, rather than 
by the section shape at the wing leading edge. 

Fig.Zlc(b) shows the effect of the sharp extension on drag. With both 
leading-edge and trailing-edge controls undeflected, there was a drag penalty 
which increased with CL, being zero at sero C 

L 
. With the leading-edge flap 

deflected, there was then a drag penalty at low incidcnces, particularly with 
the trailing-edge controls undeflccted (due to increased lower surface 
ssparations from the sharpened leading edge). The penelty over the working CL 

range was, however, quite small. In particular, once blowing was applied to 
the deflected trading-edge controls, the drag changes due to the sharp extension 
were negligible over the working range of CL. 

Fig,24(c) shows that the pitching-moment effects of sharpening the leading 
edge were not large. 

4.5 The effects of the tip weapon, drop tank, main undercarriage assembly, 
and airbrake 

Usually, tests were mado 171th the tip weapon attached, and with the drop 
tank, main undercarriage assembly, and alrbrake off. This was proposed as the 
standard alrcraft configuration just after take-off, which was expected to be 
most critical. 
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4.5.1 Tip weapon 

When the tip weapon was removed, the lift incidence curve slope 
(Fig.25(a)) was reduced by between 7$ and 113, whilst the lift increment due 
to the controls was reduced by about &I. Tile stallme incidence was increased, 
however, and CL,, was virtually unaffected. An unexplained kirk was ir.tro- 

duced into the lift curve for one case (p = 60', 5 = 30"; CbF = CiA = O*O&). 

The correspondicg no-tallplane varlatlons of CD with Ci are shown in 

Fig.25(b). The removal of the weapon did not affest the drag at zero lift, 
but did tend to increase the rate of growth nlth CL. With blowin!: over 

deflect& controls, the drag coefficient at constant CL was increased 

considerably. The observed variation in effective induced drag factor would 
correspond to a 12% reduction of effective aspect ratio and a 5$~ reduction In 
lift-curve slope, which agrees better with the observed reduction in flap lift 
increment than the observed effect on lift-curve slopes. 

Removal of the tip weapon did not produce very large changes in 
longitudinal stability (Flg.25(c)), although there were noticeable kinks 1n 
both the tailplane-on and tallplane-off curves corresponding to the kink =n 
the lif't curve already noted. 

4.5.2 Main underoarriaEe assembly and alrbrake 

Adding the main undercarriage assembly* caused small reductions in CL 

at constant incidence and in C 
Lmax ( 

see Fig.26(a)) of the order 0.01 to 0.03; 

addition of the airbrake resulted in further small reductions of the same 
order. The corresponding drag increments at constant CL were about 0.015 for 

the undercarriage and 0.05 for the alrbrake (see Fig.26(b)). Some char&es in 
nose up trim occurred, particular1 

7 
on addition of the sirbrake, but the 

stability was unaltered. (Fig.26(c) . 

4.5.3 Drop tank 

The effect of adding the drop ta& v&s measured. It wls also tcstea in one 
condition in conJunction with the main uriercarrxage assembly, in case there 
was any interference between the two, but no interference was found. 

Addition of the drop tank resulted in a reduction of CL at constant 

incidence of about 0.04 both with and vrithoutbloviing (see Fig.27(a)). The 
reduction in CL,,, was somewhat larger, up to 0.07. The drop tank was 

normally set parallel to fuselage datum; increase of drop tank inculcnc~ by 
3' to be parallel to the wing did. not reduce the lift penalty of the drop 
tank. 

*Consisting of the main undercarriage and the front undercarriage door 
(see Fig.4). 
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Despite the noticeable effect on CL at constant lnoidcnoe, the drag 

ourvcs with and without the drop tank were virtually coincident below the stall 
(see Fig.27(b)). Addition of the drop tank caused small trim changes and 
tended to reduce the longitudinal stability at high lift coefficients. 

4.6 The effect of a foreplane 

Brief tests wcrc made with a foreplane added (see Fig.4), both wth and 
without the tailplane, to try to mduce the considerable trimming losses 
(para 4.2.3). However, the practical results produced by the forcplanc acre 
disappointing. Since the wing was not in the usual canard position at the rear 
end of the fuselage, the foreplane arm was small and the domnwash produced by 
the foreplane on the inboard wing was comparatively large. Moreover, with a 
tapered wing the overall effect ten&a to bc cocentuatcd. 

The foreplane theroforc failed to produce appreciable gains in lift on 
trimming (Figs.28 a and 29(a)), 

II 
although tha pitching-moment curves 

(Figs.28(o) and 29 o ) show that the required positive pitching-moment 
increments were produced. In order to understand these results, it is 
necessary to separate the lift increment of the foreplane (CLF) and the 

interference wing lift (Ch) d ue to the change of downwash created by the 

foreplane (both-CLF and 'CLAN being referred to the gross wing area S). The lift 

and pitching moment increments produced by the foreplane can be written 
approximately as:- 

AcL = CLF + %E 

ACm = XCL + 
F x %?T 

only 

have been used and the value of 

dC \ w. 
m 

(3 

wmg only 

dC has been t&en as l-29 (the dxtarxc in terms of : of the 

Foreplane only 
mean quarter-choral point of the forcplane ahead of the test C.G. position). 
The results of the analysis are sho~~n in F1g.30. Tho foreplane lift is a 
function of (aw + 'IF), the fcrcplane incidence rclntivc to wind, and IS almost 

zero at aw t qF = 0. however, the interference lift is of the ssmc magnitude 

as CLF, and is negative at usable foreplane incidenccs, with a negative overall 

lift increment. 

A ccrrus!,ondlng analysts of the rrs?llt.,, of other tests where the fCrephrlC arm 

was l-97:, yielded similar results, but with reduced values of CL,~~, sc that 
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positive trimming lift increments could be obtained. Although the use of e. 
variable-incidence foreplane was not profitable in the present case, a 
successful application might well be possible with such an arrangement. 

5 COMPARISON BETWEEN TBE ESTIiWiED AED TH.E MEASURED EFFECTS OF BLOWING 

5.4 Comparison of values of ACL~+~+B nt ow = 5" 

Direct theoretical estimates have been prepared, (based on Refs.6-11) 
es for the Venom', of the lift increments due to the blown flop (or aileron I, 
using a modified Jet Flap method at values of C' above that necessary for 

P 
attaching the flow, and a conventional empirical method to estimate the 
unblown lift; the portion of the curve for low values of C' being sketched 

in accordance with the nearest experimental results available. Fig.31 shows 
the comparison which results for blowing over the flap only, with aileron 
undeflected, at flap angles of 45', 60' and 75'. The agreement at 45' 13 
reasonable, but the estimated additional loft increments produced by further 
increases of flap angle to 60' and 75' were not realised in practice. A 
similar, but less pronounce&effect occurred on the Venom'; on the Supermarine 
Scimitsr2, the comparison resembled that in the present case. Thus, although a 
reasonable estimate could be made of the order of lift increment to be expected 
from a blown flap at moderate flap angles, sufficiently accurate for choosing 
B control configuration for a particular project, the detailed effect of flap 
angle changes, and the actual magnitude of the lift increment produced by the 
blown flap could not be predicted reliably by this method. 

Fig.32 shows a comparison between the estimated and the measured 
aileron lift increments, ACL 

A+B' 
both no blow and with blow. The agreement is 

better here, 
above c = 45' 

since the angles involved are smaller, although the behaviour 
with g = 60" was not predicted. 

An alternative scaling method is illustrated by Fig.53. Here, the lift 
increments measured in other experiments with blown flaps, preferably on wings 
of similar planform, aspect ratio, and flap geometry, have been scaled by the 
appropriate factor and the resulting curves used as estimates for the new 
arrangement. To derive the appropriate factors, we may put, follov:ing Ref.11, 

Estimated ACLFlap+Blow 

For small values of C' , 
It 

(2) 
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therefore at a given flap angle and value of C', 
P 

(3) 

!rhlS formula zpp11es equally well for an unblown flap. In either case, 
we can use the ratlo of this product as a conversion factor at a prescribed 
angle. 

Fig.33 shows the result of applyln 
measured in tests of the D.H. Sea Venom and the Supermarine Scmitar2, to pro- F 

such a factor, to the increments 

vide estlmatcs for the present conflguration. These test results have been 
used to make estimates for the case of blowing over the flap only at angles of 
45“, 60°, and 75”, with the aileron w-deflected (F1g.33). l%e Cstlmcttes arc 
in reasonable agreement wth the experimental results, and the effect of flap 
angle is more accurately predicted than by thin aerofoll theory. 

In the full-span case, Fig.33(b), thus scaling method was found to be 
equally successful for comparxng subsequent tests of 8 sweptback wrng3and the 
present tests. l'hc conversion factor used was the ratio of the terms 

for the two configurations. 

5.2 Comparison of values of zero-lift drag 

Estimates have been made of zero-lift drag by conventional methods and 
also incorporating an additional. emplricnl correctlon for blow. flapsi2. These 
estimates are compared XI Figs.34,35 with experlmentd values of the nonincil 
zero-lift drag obtnlncd by extrapolating the CD v. C2 curves to zero Cl. 

L 

Althou&tit?ie conventional method gives reasonable aereement for the 
unblom~fla$ (F1~.34(a)), the drag of the blown flap exceeds the esti%te 
(Fl~g..34.(b)).- Such a dxcrepancy has been found in other tests with part-span 
blown flaps, and an empiric31 method is given in Rcf.12 which allows revised 
estimates for :,hc blwn flap, ,;hlch arc in better agreement with experiment. 

Fig.j5,s!~oss the variation of zero-lift drag with RIleron angle, ot a 
flap angle of’~60’ rrlth blowing over both controls. The unblown flap estimates 
are again In good agreement with oxpcrincnt. The ccnventlonal blow flap 
estimates are io,v, psrtlculwly at 5 = o" ana 60°, and better agreement cnn be 
obtained by including the addrtlonal cmpwwal correction. For intermedinry 
aileron angles, vrhcre the discontinuity between the flap an& the aileron is 
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smaller, there is less discrepancy bctacen the conventional method and the 
experimental results. 

5.3 Comparison of no-tail values of @JF+)-+, at a,,( = 5” 

AC 
-2 values of Ac 

(3 

referred to the mean qunrtcr-chord pos~ticn are 

F+A+B 
given in the following table:- 

60° o” 0 0 -0 *36 
0 -020 -0.38 
0.035 to 0.143 -0 ~39 

60' 30' 0 0 -0.38 
0.018 0*010 -0 -30 
0.029 0 so29 -0.39 
0 *o&l& 0*0&l+ -0.39 

60’ 45’ 0 

O 

-0*39 
0.018 0.018 -0.39 
0.029 

I 
0.029 -0 *I,0 

0 -044 0*0&l+ -0 *l+o 
I 

As in the case of the Sea Venom', the vnluos tend to become more negative 
as the momentum coefficient is increased. 13stimntes have been prepared, 
making allowance for wing sweep, taper, and the spanwiso extent of the flaps, 
and also for the vanatlon of ACL~+A+~ vnth a,. For the unblcwn flap, using 

Ref.11, the resulting estimate was about -O*&. The estimate for the blown 
flap, using Ref.8, was -0-G. 

The folloaing table shows for comparison other experimental results 1,2.13 

on blown flaps. 
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Lean hmge lice 
distance aft of mean quarter 

dl0ra pcslt2.0n 

S.R.177 0 * 5Lc 
I 

Supermarine Scimitar 0 *47 

N.P.L. Delta 0.37 

1 
! 

-I- 

I - 

ElCW 

--- 

Off 
011 
Off 
On 

Off 
On 

Off 
Oil 

-0.20 
-0 ‘25 
-0 *38 
-0 -40 

-0 ~36 
-0.39 

-0*&2 

-0 -45 

As expected, the vzlue of & increases substantially 111 magnitude 3.5 a 
I 

decreases since ACL (but not ATm) depends on a,. The effect of rearward mcve- 

ment of hinge-line posltlon is also inportant. The usual effect of blowing is 
AC 

to make $ 
(3 

more negatme by about -0*03. Thus, when unblown plain flap 

are available, the corresponding values with a blown flap can 

be predicted vnth reasonable accuracy., 

6 co~ICLusIo?!s 

Low speed longitudinal stability measurements have been made on a dclta- 
wng awcraft model of aspect-ratio 2.9 end 40' leading-edge sweepback (S.R.?77), 
with shroud blowing over trailing-edge flaps and ailerons. 

Xith blowing over the flip nlcrc at n flap angle of 60' (mltP allcron 
undcflected), xxrcases wre obtained of 0.27 in trimmed CL at constant 

mcuhxe and of 0.18 in trmmed CL,,,, at the value of C cI (o-031) envisaged 

for the projected aircraft. Corresponding reductions in take-off and landing 
speeds of about-10 knots could be cxpccted in a typlcnl pr:actlcal conf'~~urntion. 

By dlstrlbutlng the snrne Lotal Jet momentunr to flap and nleron, with 30' 
aileron IX~A~~&~, further Increases of 0.23 in trimmed CL and 0.17 in trimmed 

chnax 
were cbtzined, corresponding to additional reductions of about 8 knots in 

alrcraft speeds. 

Large trim chances resulted frcn blowing, and the asscclated trimming 
lift losses vere npprecllble. A trimnng foreplane was tested to try to reduce 
these losses, but was unsuccessful because of the strong dowwash produced at 
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5” 
The beneficlnl effect of the leadIng-edge flxp wzs lx-ge, Lnour.tlng to 

Increase of stallxg agle rind 0.30 Increase lr CL __ vrlth blo-~<ng over r&LX 
trailing-edge flaps end ailerons. ;blth the L.E. f'l~p deflected, the Itine 
stalled as n result of the inboard spread of separations from the flop knee, 
and shnrpening of the nose rvas only found to have minor adxrse effects. 
AdditIonal B.L.C. could have been ;tpplled at the knee of the deflected L.E. 
flap to further Improve the stnlllng lncldence and mcximum lift. 

The measured effects of blovlng correlated well v,:.lth the results of 
other vodel tests ~nvolvlng slmllcr v.ir.g-flap arrangements. In pzrtziaar, 
part-spin blown flapr, wore agam found to produce large dreg Increments 
slgnlfxantly affecting the a]rcraft museum drag speed. 

For completeness, predlctlons have been mcludcd of the cfi'ect cf 'clonmg 
on stnlllng, take-off, and landing speeds, ns well as on m~nlm~n I&Y:% speeds 
and minimum drag, for the proJected nvcrnft conflguratvan. 

7 ACKNOWT,XDGEiiENTS 

Sr~undcrs-Rot constructed the model and provided some stc.ff to assist 
with testlne and analysis of results. 

1 Butler, S.F.J., 
Guy&t, M.D. 

2 Anscombe, A., 
Butler, S.F.J. 

3 Butler, S.F.J. 

LIST OF i?EFER%NXS 

Title, etc 

Low-speed wind-tunnel tests on the 
De Hav.vllland Sea Venom with blobring over 
the flaps. 
1i.R.“. ti. c+ 14. 31?'3. F&Y-,r:r, 195-l. 

Low-speed wind-tunnel tests on the 
Vxkers-Supcrmarine N.113 (Scimitar) with 
blowing over the flaps. 
'Jn~uh1lshrd 1 .".A. P.e!ort. 

Low-speed wind-tunnel tests on n sweptback 
wing model with blowing at the wing leadIng 
edge and blowing over the flaps and cllcrors. 
Unpublished I .o.A. Qeport. 

- 23 - 



r;o. 

4 

5 

6 

7 

8 Spence, D.A. 

9 

10 

Keune, F. 

Hay, J.A., 
Eggington, W.J. 

11 

1z 

LIST OF REEREMCCS (Co&d) -- 

Author(s) Tltlc, cto - 

Anscombe, A., 
?‘lilliams, J. 

Some comments on high-lift testing in wind tunnels 
with particular refercncc to Jet-blovs5ng models. 
A.G.A.R.D. Report No.63. Journ. Roy. Ae. Zoc. 
fi (560) 52940. August, 4957. 

Butler, S.F.J., 
Willxms, J. 

Further comments on high-lift testing III wind 
tunnels with partloular reference to .~et-blowing 

models. 
Aero. Quart. 2. August, 1960. 

vlillisms, J. 
Butler, S.F.J. 

Aerodynemlc aspects of bowdnry layer cor.tro] 
for hl& lift at low speeds. 

Journ. ROY. xc. Sot. 2 (628). April, 1963. 

Royal Aeronautical Society Aerodynamic Data 
Sheets. 

The lift on a thin aerofoil with a blown flap. 

Aero. &rt 2 part 3, August, 1958, 287-299. 

Auftrieb einer giknlckten eberen platte. 
Luftfnhrtforschung Vol.13, 1936. 
(Translated in N.A.C.A. T.M. 1340). 

An exact theory of a thin nerofoil vnth large 
flap deflection. 
Aerodynamics Depni-tment Report Vickers-Armstrong 
(Aircraft) Limltcd. April, 19%. 

Young, A.D. The aerodynamlo charnctcnstlcs of flaps. 
A.R.C. R. k I'. 2622. Februsr/, 1947. 

Butler, S.F.J. The drag increments associated with part-span 
blown flaps. 
Unpublxhed M.o.A. Rt,ort. 

- 24 - 



LIST OF REFZRENCES (Cc&d) 

&. Author(s1 Title, etc 

13 Williams, J., Some exploratory Jet-flap tests on a 60' Delta 
Alexander, A.J. Wing. 

A.R,C,Rs & I:. 3138. March, 1957. 

14 S-R.177 Low speed aerodynamic characteristics 
with flap and aileron blowing. 
Saunders-Roe Publication No. T.P.251. 
June, 1957. 

- 25 - 



A 

31 

Cf 

0 

a 

= 
c 

cD 

cL 

chll,X 

% 

CLF 

%T 

AcL, 

ACLA+B 

AcLF+B 

"LF+A+B 

i;OTATION 

aspect ratio of wng 

lift slope 

local flap chord 

local wing chord 

standard mean chord 

aerodynamic mean 

drflg coefflclent 

lift coefficient 

chord 

(Including any jot thrust rccovcrcd) 

maximum lift coefficient 

pitching-moment coefflclent based on z, at test C.G. (0*3(7F) 

lift coefficient generated on the foreplane, basea on S 

i~torferencc lift cocfficlcnt generated on wing, duo to 
presence of the i'orcplane, based on S 

lift increment at constant incidence due to blo.iing, rcfLrrcd 
to unblovn-flap CL 

lift increment ct constant incidence due to aileron + blow, 
rcforrcd to C 

L 
with unblown and undeflcctcd allwon, 2nd 

constant flap an&e and blovlne conditwn 

lift increment at constwt incidence due to flap + blow, 
referred to plain-wing C L 

lrft increment ct coxtwt Incidence due to flap + allcron + 
blow, rcfcrrc~l to plnln-wing c L 

C 

0 A- 
/9-- ratio of no-tail increwnts in C m and C L 

?t constant incidence, 

J?~ATB::-~'~ refcrrea to plan-:i-lng c 
L (?n 

referred to maan-quarter-chord 

posltlon on r:ing) 
/ 

mv:. 
c,=--+C' 

-; p 
g momentum cocffxlent based on gross King area 

ou;s;,se lJ L, 
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I?OTATIO:I (Contd) 

CbF = "P".i 

3 P, ApT 
mean sectional momentum coefficient for flap 

0 

c;* = 
SP 

mean sectional momentum coefficient for aileron 

theoretical flap effectiveness factor' 

D 

D min 

f(P) 

m 

% 

mA 

pD 

PO 

S 

predicted drag in lb during normal approach at A.U.W. 
of 17,000 lb 

minimum value of D 

theoretical reduction in flap effectiveness at large 
flap angled09" 

mass flow rate (lb/set) 

mass flow rate to flap nozzle 

mass flow i-ate to aileron nozzle 

total head at nozzle (absolute) 

tunnel static pressure (absolute) 

wing area (projected) 

blown wing area 

blown wing area spanned by flap 

blown wing area spanned by aileron 

blowing nozzle cross-sectional area 

supply temperature, degrees absolute 

tunnel speed (ft/sec) 

jet velocity after expansion to free stream static 
pressure 
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P'OTATION (C&d) 

%nin 

% 

a s 

a w 

P 

% 

E 

$(P) 

bf 
X3 T 0 
E 

PO 

1 2 

2 po”o 

minimum drag speed (knots) 

stalling speed (knots) 

wing stelling incidence 

wing incidence (degrees) 

flap angle 

drag ducrepancy 

downwnsh angle (degrees) 

foreplane setting relative to wine (degrees) 

tail setting relative to v”ing (degrees) 

control-chord ratio factor 12 

flap angle factor for unblovin plain flap 12 

part-span lift conversion factor" 

aileron angle (degrees) 

mainstream density 

tunnel dynamic head, expressed in lb/sq ft in the momentum 
fonnuia 
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APPENDIX1 

THE PREDICTEDEFFECT OFBLOWINGOVER THEFLAPAND 'lKEAILERONON 
STALLING, TAKE-OFF, AND LANDING SPEEDS OF THE SAUNDERS-ROE P.177 

Stalling speeds have been predicted for the projected aircraft from the 
trimmea values (C.G. at 0*30:) df' the maximum lift coefficient measured on the 
tunnel model, without any allowance for possible increases in CL,= at full- 

scale Beynolas number. The stanaara model configuration (L.E. flap deflected 
3o”, tip weapon on, drop tank, undercarriage assembly, and airbrake off) has 
been used. Take-p$f and landing weights of 28,300 end 17,CCKl lb respectively 
have been assumed . Take-off and approach speeds based on I.10 Vs (rccket- 

assisted take-off) and I.25 Vs respectively are given in the fcllcwing tables:- 
. 

Take-off (A.U.W. 28,300 lb) 

SF 
Bimmea 

P E C;A % cLmex 
Stalling speeds Take-off speea 

in knots in knots 

600 o" 0 0 0 1 *21 145 160 

60' O” 0 *072 0 0.031 I.39 135 149 

60~ 

j 

30~ 
, 

O*Ol+l+ 0.044 0*031 I -56 120 141 
I 

&pprcach (A.U.W. 17,000 lb) 

P E SF ';A ' 
Trimmed 

P cLmax 
Stalling speeds Approach speed 

in knots in knots 

60' 0’ 0 0 0 I.21 113 141 

60° o0 0.072 0 0*031 l-39 105 131 

60' 30' 0’OLJ.b o*ol+l+ o-031 I.56 99 124 

The incorporation of blowing ever the trailing-edge flap alone, without 
deflecting the aileron, ought to reduce the take-off and a preach speeds by 
about 10 knots (relative to the unblcwn flap deflected 60 op. With the seme 
total blowing quantity applied over the flap end drooped aileron, further 
reductions of about 8 knots should be possible. 
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APPENDIX 2 --- 

THE I'IiiQICTi'D EFFECT OF l?LO~ING ON KtNIMUM --__- 
DRAG ANiZ MINIMUSf DPAG SPEED 

Figs.36 and 37 show the variation of absolute drag (in lb) with approach 
Sped, as predlcteP from the tunnel tests, at an A.U.W. of' 17,000 lb, trimmed 
for s. C.G. at 0.30~. 

Fig.36 shows the effects of the weapon, the main undercarriage assembly, 
and the airbrake, with blomlng over deflected flap and aileron. Removal of the 
weapon increased the drag coefficient at constant lift coefficient, lncreaslng 
minimum drag from 4710 to 5200 lb. 
VD 

The corresponding effects on VD,slr and 

s were small, removal of the weapon increasing VD v from 125 knots to 
S 

min 

128 knots, 'Dmin 
and correspondingly increaslng the ratlo 7 from 1.26 to 1.28. 

S 

Addition of the main undercarriage assembly reduced VDmin from 125 to 123 knots, 

VDmin and reduced 7 from I.26 to l-23, whilst at the same time lncrenslng D 

from 4710 to 5Os00 lb. 

min 

On adding tine airbrake as well as the undercarriage 

'bin 
'JImi* ana V - were further reduced to 119 knots and 1.18 respectively, whilst 

S 

D 
min 

was increased to 5860 lb. 

Fig.37 shows the effects of blowing and aileron angle on the drag varlatlon 
with speed, wrth both the mnjn undcrcarrlnge assembly and the airbrake on. At 
p = 60', with the aileron undeflected, bloning owr the flap reduced VDmul from 

'Dmin 
133 to 110 knots and reduced 7 from I.16 to l-03, as a result of the 

s 
additional drag term (see para 5.2), whilst the m~nxmxn drag was 1ncrcxed by 
nearly 1000 lb from 5440 lb to 6360 lb. %Ion.icn the aileron was deflected, with 
blowing over both f'lzp and aileron, the nddltlonal drag wss reduced, and the 
behaviour was more like that of the unblown flap, with VDinln = 117 knots, 

%nin - = 1.18, and a minimum drag of 5860 lb. 
vS 

On the aircraft, the approach speed y.ould be expected to Ire between 
1.25 v, ana I .33 vs; thus, there mould be no necesslly to qproxh belon the 

rn~~xnum drag speed unless both the undercarrjage a~,d alrbra!x b.ere rcirvted. 
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ThBLE I 

Model data 

All dimensions model scale ($th scale half-model, starboard wing only). 

Wing (one wing only) 

Area (projected) S 
Semi-span (excluding weapon) b/2 
Standard mean chord 5 
Aerodynamic mean chord F 

e/g 
Aspect ratio (full span) A 
Section 
Position of maxxnum thickness 
Thickness-chord ratio 
Centre-line proJected chord 
Tip chord 
Sweepback of quarter-chord line 
Sweepback of leading edge 
Sweepback of 'cralllng edge 
Taper ratio (centre-line chord/tip chord) 
Anhedral 
Wing-fuselage angle 
Distance of mean quarter-chord point aft of L.E. apex 

IO*19 sq ft 
3.42 ft 
2.97 ft 
3-21 ft 
0.925 
2.29 
RA.x 102 
0*35&z 
0.06 
4.42 l-t 
1-54 ft 

32 -30 

4:i2 
2007 

5 
2.01 ft 

Leadins edge flap 

Inboard limit (fraction semi-span) O-19 
Outboard limit (fraction semi-span) 
Control chord ratio (constant ratio across the span) 

o-95 
0.13 

Trailing 

Inboard limit (fraction semi-span) 
Outboard limit (fraction semi-span) 
Mean control chord ratio 
Chord (constant across span) 
Area of wing spanned by flap S$ 

Trailing edge aileron 

Inboard limit (fraction semi-span) 
Outboard limit (fraction semi-span) 
Mean control chord ratio 
Chord (constant across span) 
Area of wing spanned by aileron Si 

061 
I *oo 
0.21 
0.45 ft 

2-81 sq ft = 0-276s 
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TABLE I (Cord) 

Tailulane (helf-tailplane only) 

Area St 

Semi-span bt/2 

;;g~=-;~a~e~;o;~ $t 

Aspect ratio (full span) At 

Section 
Position of mximum thickness 
Thickness- chord ratio 
Centre-line chord 
Tip chord 
Sweepbaok of quarter-chord line 
Sweepback of leading edge 
Sweepback of trailing edge 
Taper ratio 
Anhedral 

2.05 .3q ft 

1.62 ft 

I.28 f-t 
l-40 ft 

2.51 

RAE 102 (modified) 
0.343c 
o-06 
1.95 ft 
0.g ft 

32.3; 

$1 

325 
O-92 ft 
1+3 ft 
2.28 ft 
2a ft 

Distance of mean quarter-chord point eft of L.E. apx 
Distance of hinge point aft of L.E. apex 
Distance of hinge point above wing chord plane 
Distance of hinge point above fuselage datum 

General 

Overall length 
Fuselage nose to wing L.E. apex 
Wing L.E. apex to tailplane L.E. apex 

Test C.G. Position 

Below centre-line wing chord o*ol+ ft 
Above fuselage datum 0.02 ft 
Aft of projected wing ape* 2.39 ft 
Aft of leading edge of S.M.C. o-376; 
Aft of leading edge of A.M.C. 0.367E 
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