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The effects of various leading-edge modifications on the low-speed 
characteristics of a 6$$ thick R.A.E.$@l szofoil are discussed, with 
particular attention to the effects on the upper surface flow separations. 
In addition to the tests on the basic round-nosed se&Ion, the effects of 
attaching an Isolated strake and a row of strakes to the leeiilnk e&e wzre 
investigated. Tests were also made on a sharp-nosed version, lath with and 
without deflected nose flap. 

The results show that all the leading-edge modifications hd profound 
effects on the upper surface flow separations. 
(2 x 106), 

At the test Reynolds number 
th e upper surface of the basic round-nosed section erhlbited a 

"short bubble" flow up to 5’ incxi~~ce:, above which ulcidence a "long bubble" 
developed, which spread to the wing trailing edge by IO'. Aadltion of a row 
of strakes xMbited the bubble groiith and allowed a certain degree of peak 
negative pressure to occur near the leading edge, but the particulsr 
configuratlon tested did not Lncrease CLmax or reduce the overall drag 
coefficxnt at a given lift coefficlent. Addition of a sharp letdmg-edge 
extension caused the "long bubble" flop to develop from immedlntsly above 
zero mcidence. Deflection of the shq leadtiig e&e caused the upper 
surface flour to remain attached, except for a localised region on the 
deflected nose, right up to the stall. 

As a result of the chsnges in upper surface flow which were caused by 
the verious Leading-e&e modifications, the chordwise pressure distributions 
end force and. moment characteristics were also dttzxd considerably. 

A comperlson is include3 betiieen the measured pressure distributions, 
end distributions calculated assuming no flow seperatlone to be prcscnt. 
This comparison demonstrates the desirc;blllty of employing a calculation 
method, such as that suggtisted in 6efs.3,8 and 9, which allows for the 
effects of the "long bubble" separation. 
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1 INTRCDUCTICN 

This note describes the results of brief preliminary tests, made in 
the oourse of pressure-plotting investigations on a f@ thick R.h.E.lOl 
aerofoill , to show the principal &facts of various leading-edge modifica- 
tions on the sectional characteristics of a thin w5ng, with particular 
attention to the effects on the upper surface flow separations. 

In addition to the tests with the basio round-nosed. symmetrical 
section, tests were mode with a sharp leding-edge extension, with a 
deflected sharp nose flap, and with trlongulsr strakes pzqecting from the 
basic wing. The &ta presented include pressure distributions, wake 
traverses, boun&ry-layer traverses, end integrated force end moment 
coefficients, for each of the lesding-edge configurations. 

In the discussion, the principal effects produced by the various 
leading-edge modifications are compared and oxplatiGl where possible. A 
comparison is mnde between calculated end measured pressure distributions. 

The results obtained for the basic wing will be discusses more fully 
in Ref.1, with special reference to Lading-edge lsminer-seperr.tion 
phenomena. 

2 XOXL D&TAIL? 

The 6$ thick R.&E.101 aerofoil spsnnd the tunnel vertically botrteen 
turntables in the floor and. the ceiling, the ocntre line of mtation of the 
turntables coincidina; with the 3Cf.f. chord station of the wing. Pressure 
plotting rias carried out at severs-l chodvise sections near mid-spsn of the 
wing. 

Plsnform rind sectIonal vio;-rs of the wing for the various leading-edge 
arrangements tested eze shown in Figs.1 end 2; Table 1 contains details of 
the model. 

The set of flat triangular strekes at 0.25 wing chord pitch spenwise 
(see Figs.l(b) end 2(b)) was tested on the hmio wbg with the pressure- 
plotting station directly aft of the centre1 strske of a row of seven 
strakcs, and also with the pressure-plotting station midway between the Tao 
central strakes of a ruw of e5ght strakes. 

The sharp l~:ad?ng-edge symmetrical so&ion was derived from the basic 
R.A.E.101 section by a lying a symmetrical I@ chord sharp extension 
(sea Figs.l(d) and Z(dpP. A ,519 leading-edge section with deflected nose 
flap was simulated by applying 25 deflection to the sharp extension &out o. 
hinge-line which coirddcd. with the leading edge of the basic section (see 
%+2(e)). In each cese, a few pressure-plotting holes were available in 
the leedmg-edge extension. The isolated strake (see Figs.l(f), 2(f) end 
10) was attached to the basic wing at various spenwise positions relative 
to a mid-spen pressure-plotting section. 

The tests were mde in th3 R.h.E. So.2 II& ft x 8& ft wind. t&me1 in 
November and Decembe 1955, at aw dspeed of 125 ft/sec, giving Reyrlolds 
numbers of 1.95 x 10 8' .aM 2.15 x 10 r in tans of the b-sic and extended 
Chords respectively. 

3 .EXPERIKSNTAL KETHOD 

The wing static pressure orifices were connected to multitube mono- 
meters. Wake profiles were measured using a pitot comb at h&h incidenoes 
ma a traversing pitot at low inoidences. The traversing gear wns also used 
to m~ake boundary-layer traverses. 



The surface pressure distributions have been integrated to give 
sectional normal force and pitching-moment coefficients. The wake profiles 
have been integrated to give sectional profile drag coefficients. The 
force and moment coefficients have been referred to the basic chord for the 
tests on the basic wing, and for the tests with strakes attached to the 
basic wing. Ear the tests with the sharp extensions attached to the basic 
wing, the coefficients have been referred to the extended chord. 

Blockage corrections have been applied to all the results, using the 
method of Ref.2. The wing incidence has been corrected for finite-chord 
tunnel constraint. Incidence corrections to allow for wing twist under 
load were negligible. 

The accuracy of the pressure coefficients and wake traverses is 
satisfactory. The lift and pitching-moment coefficients are less accurate 
as the number of pressure-plotting stations near the leading edge was of 
necessity small* (except for the basic wing). Even so, the results should 
be adequate to indicate the principal differences between the various 
sections tested. 

4 RESULTS AND DISCUSSION 

The results, which are presented in Tables 2-4 and illustrated by 
Figs.3"15, are intended to provide preliminary data on the principal low- 
speed effects of some leading-edge modifications to a thin wing. The 
results for the basic wing will be discussed in more detail in Ref.1. 

Table 2 contains chordwise pressure distributions over an incidence 
range for each of five cases (see Figs.1 and 2), namely:- 

(4 on the basic round-nosed symmetrical wing (seci5onR.A.E. 101, 
& t/4; 

(b) midway between the two central strakes of a row of eight 
triangular strakes fitted to the leading edge of (a); 

(c) directly aft of the central &rake of a row of seven triangular 
&rakes fitted to (a); 

(4 on a sharp leading-edge symmetrical section, obtained by 
applying a I@ chord sharp extension to (a); 

(e) on the sharp leading-edge section with nose flap deflected 25'. 

The pressure distributions, illustrated by Figs.3(a)-(e), are 
discussed inpara. 4.1. The resulting lift, drag and pitching-moment 
coefficients, presented xn Table 3 and illustrated by Figs.4-7, are 
discussed in psra. 4.2-4.4. The results of the wake traverses are shown 
in Fig.8 and discussed in pars.. 4.5. The results of the boundary layer 
traverses are shown in Figs.g(a)-(e) and discussed in para. 4.6. 

In addition to the above tests on the five configurations (a)-(e), 
pressure distributions were measured with an isolated strake (case (f), see 
Figs.1 and 10) attached to the basic wing at various distances spanwise from 
the mid-span pressure-plotting station. The pressure distributions thus 
obtained are given in Table 4, illustrated by Fig.10, and discussed in 
para. 4.7. 

These tests had to be improvised at short notice. 
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Fig.11 shows sketches of typical saface flow patterns observed in the 
course of the tests. 

An anal sis of the u per surface pressure recovery factors obtained 
with cases (a 7, (4 and (8 is given in para. 4.8 and illustrated by Fig.12. 
A comparison between calculated and measured pressure distributions is made 
in para. 4.9 for cass (a), (d) and (e), and illustrated by Figs.l3-15. 

4.1 Chordwise pressure distributions and flow behaviour 

The chordwlse 
P 

ressue distributions for the basic round-nosed wing 
are shown in Flg.S(a . At low incidences, up to and including a = 5.1°, 
there was a "short bubble" type of leading-edge separation, in which the 
separated boundary layer reattaches very close to the point of separation. 
The presence of such a localised separation was established (to be described 
in Ref.1) by detailed pressure-plotting traverses near the wing leading edge, 
which revealed the presence of a very small region of constant pressure on 
the wing upper surface imnediately behind the negative pressure peak. The 
constant pressure region was too small to be shown on Pig.3(a). The 
presence of a "short bubble" separation had a negligible effect on the 
pressure distrabution,and the calculated pressure distribution was virtually 
attained (see psra. 4.9). For the sake of clarity, the only "short bubble" 
curve shown in Fig.3(a) is that for a = 5.1°. 

At some. incidence between s = 5.1° and a = 6.q", the negative pressure 
peak collapsed suddenly, and the extent of the constant pressure region began 
to increase as the point of reattachmel~t started to move rear-wards on the 
wing upper surface. This is characteristic of the transition to the "long 
bubble" type of leading-edge separation. As the incidence was further 
increased, the bubble lengthened rapadly, see Fig.ll(a), the negative 
pressure peak continued to collapse, and the constant pressure region 
associated with the bubble spread until it covered virtually the whole wing 
chord by a = I 2.1°, the wing stalling between a = 10.l” and a = 12.1°. In 
contrast to the "short bubble," the "long bubble" affected the overall 
pressure distribution appreciably, even at a = G.l" (see para. 4.9); in 
addition, the centre-of-pressure position and the sectional profile drag 
coefficient were affected immediately upon the formation of the long bubble 
(see para. 4.3 and para. 4.4). 

Figs.3(b) and 3(c) show the corresponding pressure distributions for 
the basic leading edge fitted with a row of triangular &rakes. No 
pressure-plotting points were available on the &rake itself, hence Fig.3/,c) 
Goes not show the pressure distributaon on the stralce. The pressure 
distributions obtained midway between the two central strakes of a row of 
eight strakes, and directly behind the central strakc of a row of seven 
strakes, are similar in oharaoter; it will be seen that there was no sudden 
collapse of the peak negative pressure such as occurred between a = 5.1' and 
a = 6.10 on the basic wing. The pressure distributions developed 
progressively with increasing incidence, without the production of unduly 
high negative pressures at the wing leading edge. 

Visualisation tests, using a suspension of titanium oxids in paraffin, 
showed (Fig.11) that the addition of the row of s-brakes to the basic wing 
entirely changed the type of flow on the upper ,muzface of the wing at 
incidenoes where the basic wing regime was of "long bubble" type. on the 
basic wing, without strakes, the point of reattachment moved rapidly back 
towards the wing trailing edge as the incidence was increased above a q 6.1', 
and reattachment was not achieved at or above a = lO.lO. With the row of 
strakes attached, however, the strong trailing-vortex system shed by the 
strakes restricted the growth of the "long bubble" with incidence, and the 
leading-edge separation was confined to small triangular regions, extending 

-6- 



from the portions of the wing leading edge between each pair of adjacent 
&rakes to vertices at 1% chord. Thus, it is reasonable that the effect 
of the separations on the overall pressure distributions would be less 
marked than on the basic wing; since the separations were accepted and 
controlled, rather than avoided altogether, it was inevitable that very 
high negative pressure peaks would not be obtained at the wing leading edge. 

Fig.3(d) shows the pressure distributions obtained with the undeflected 
sharp leading edge. Since the aharp nose was unable to sustain any negative 
pressure peak, a leading-edge separation occurred once incidence was ap lied 
and was invariably of "long bubble" type. Cowering Figs.3(a) and 3(d P , it 
will be seen that the rate of growth of the "long bubble" was somewhat 
slower on the sharp section, where the separation started virtually at zero 
incidence, than on the round-nosed section, where the "long bubble" began 
between a = 5.1' and a = 6.1~. In each case, the constant pressure region 
had spread to Cover the whole wing chord by about a q IO’, when the value of 
the upper surface pressure coefficient was of the order I+ = -0.5. 

Finally, Fig.3(e) shows the pressure distributions which were obtained 
for the sharp leading edge with deflected nose flap. Because of the 
deflected nose flap, there was a lower surface separation from the wing 
leading edge at a = 0'. As the incidence was increased, the extent of this 
separation diminished. The upper surface pressure distribution developed 
continuously up to a = 12.2O, above which incidence the wing stalled 
suddenly. It will be shown later (para. 4.2-4.4) that the force and moment 
characteristics were also altered greatly by the deflection OP the nose flap. 
The effectiveness of the nose flap in postponing the onset of extensive 
upper-surface separations was due to two factors. Firstly, the reposition- 
ing of the main negative pressure peak at the knee of the flap, rather than 
at the leading edge; this was desirable in view of the sharpness of the 
leading edge. Secondly, the redistribution of the peak suction over a 
larger portion of the wing perimeter reduced the magnitude of the negative 
pressure peak and the adverse pressure gradient which occurred at each 
incidence; this factor would apply equally well to a round-nosed aerofoil 
with a deflected nose flap. 

4.2 Lift curves 

Fig.4 shows the sectional lift curves for the different COnfi@WatiOnS. 
The basic wing stalled gently between a = 10.1’ and a E: 12.1', with 
Chx = 0.87. With a row of &rakes added to the basic wing, the wing- 
incidence curve slope was reduced, but the lift coefficient continued to 
increase up to 15', the highest incidence tested. The lift coefficients 
quoted for the station in line with a &rake do not include any contribution 
from the &rake itself, as no static pressure tappings were avazlable on the 
strake. 

The lift-incidence curve obtained with the undeflected sharp leading 
edge coincided approximately up to go with that obtained on the basic wing; 
the sharp leading edge then stalled with Cb reduced slightly to about 0.8. 

For the sharp leading edge with the nose flapxdeflected, the value Of the 
lift coefficient at constant incidence was decreased by about 0.05 at 10~ 
incidences, but continued to increase up to an IJo, with Ch SL 1.1. Thus 

the deflection of the nose flap postponed the stall by about 5O, and 
increased the value of C Lmax by about 0.3. Such gains by deflecting nose 

flaps sre typical of any nose-stalling aerofoil. They were probably 
accentuated in this case because the sharpness of the leading edge made the 
behaviour of the undeflected case so poor. 
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4.3 Drag ourves 

Fig.5 shows the variation of the profile drag coefficient, CD, with CL 
for the - five cases. With the basic round-nosed wing, CD increased 
slowly with CL when the leading-edge separation was of "short bubble" type 
with virtually instantaneous reattachment. Between CL = 0.55 and CL = 0.63, 
the leading-edge separation changed to "long bubble" type (see para 4.1) and 

d 'D there was an inmmdiate fifty-fold increase in the value of - , 
d CL 

the higher 

rate of increase of drag being maintained as the incidence was increased 
further. Near the stalling rncidence, the profile drag coeffacient was 
approximately equal to CL a., showing that all the leading-edge suction foroes 
had been lost. 

With the -rc+~ of strakes attached to the wing, ths drag curve measured 
with the pitot comb directly aft of the central &rake was similar to that 
of the basic section; midway between the two central strakes, the drag 
coefficient was generally higher at low incidences. In both cases the drag 
coefficient at constant CL was higher than on the basic wing, even after the 
basic wing exhibited a well-developed "long bubble" separation. Thus, 
although the presence of the strakes confined. the "long bubble" to compara- 
tively small areas of the wing, the trawling-vortex for the &rakes produced 
drag coefficients of the same order as those which resulted from the 
uncontrolled "long bubble" separation*. 

With the undcflected sharp leading edge, ths drag coefficient increased 
steadily from CL = 0 to k, because the "long bubble" started to develop 
as soon as the incidence was increased from zero. This may be contrasted 
with the very low rate of drag increase which occurred on the basic wing 
when the separation was of "short bubble " type, followed by a very rapid 
increase once the "long bubble" had formed. Below the stall, the profile 
drag coefficient was less for the basic section; above the stall, when the 
pressure distributions (see para. 4.1) on the two sections were almost the 
same, the drag coefficients were approximately equal. 

Par the sharp leading edge with a deflected nose flap, the drag curve 
was entirely different from those obtained with the other four configurations. 
At incidences near zero, the local separation (see para. )+.I) from the wing 
lower surface caused the profile drag to be increased somewhat; the extent 
of this separation, and the sectional profile drag coefficient, decreased as 
A~e incidence was increased. The value of CD attained a minimum 
and the low drag range persisted up to the stall (with C < 0.05). 

at CL n 0.5, 

A 
At the 

stall, there was a sudden rise in the profile drag coef cient. These are 
characteristic effects of applying leading-edge camber, or deflecting a nose 
flap; but the drag reduction due to nose flap deflection was probably 
accentuated because of the sharp leading edge, which caused large-scale 
separations in the undeflected case at comparatively low incidence% 

4.4 Pitching-moment curves and centre-of-pressure positions 

Pig.6 shows Cm v. CL curves for the different cases, and Fig.7 shows 
the corresponding variaticns in centre-of-pressure position, The pitching- 
moment coefficient is referred to the quarter-chord position. For cases 

qhe integrated drag coefficients quoted for the cases with &rakes 
include sone proportion of the induced drag arising from the trailing-vortex 
system of the &rakes; the drag penalty of the strakes would tend to be 
rather larger than as indicated by the present results. 
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(a), (b) and (c), the quarter-chord position for the basic wing has been 
used and the centre-of-pressure, k, is quoted aft of the basic leading edge 
as a proportion of basic chord. For cases (d) and. (e), the quarter-chord 
position has been based on the extended wing chord (and the coefficients 
referred to the extended chord); the centre-of-pressure position is quoted 
from the extended leading edge as a proportion of the extended chord. 

With the basic round leading edge, the quarter-chord pitching-moment 
coefficient remained approximately zero in the "short bubble" regime, and 
then became increasingly negative (nose-down) as the "long bubble" developed. 
The centre-of-pressurs position mssnwhile moved back from 29 chord to 4C$ 
chord. 

With the row of strakes on the leading edge, the rearward movements of 
the centre-of-pressure position were reduced. 

The undeflected sharp leading edge, behaved in a similar manner to the 
basic wing, and the total movement of the centre-of-pressure positionwas 
again about 1% chord. 

The sharp leading edge with the nose flap deflected exhibited a 
relatively constant negative value of Cm from CL q 0 to CL= Chx, whilst the 
centre-of-pressure position moved steadily forwards towards the quarter- 
chord position. 

4.5 Wake traverses 

The total head deficiency parameter, h, was obtained by expressing the 
head deficiency as a fraction of the mainstream dynamic head. Fig.8 shows 
wake profiles for the five configurations measured at one chord (basic) 
downstream of the wing trailing edge. 
a = 5.10, 

In the "short bubble" regime up to 
the breadth of the wake was O.lc, with a peak value for h of less 

than 0.2. But, once the transition to a "long bubble" occurred, both the 
breadth of the wake and the peak value of h increased; at C&x, the wake 

breadth was about 1.0~ and h was of order 0.5. Moreover, the curves 
obtained with the two types of flow were essentially different in character, 
the ratio of wake breadth to hmax being nmch higher for the "long bubble" 
regime. 

The wake profiles obtained with the row of strakes attached to the 
basic wing show an unusual feature at low incidenoes; both at a = 3.i" 
(s&iway between two strakes) and at a = 5.1 o (directly aft of a strake), 
there were two peak values for h. It is considered that the additional 
peak was associated with the trailing vortices shed by the &rakes, 

'i 
articularly since similar effects were found in the boundary layer traverses 
see para. 4.6). The curves obtained at higher incidenoes with the &rakes 

show higher peak values for h and nmch narrower wakes tnan were obtained with 
the basic leading edge; thus, the general shape of the curves was then 
stilar to that obtained with the basic wing at low incidences when the 
separations were localised near the wing leading edge. 

With the undeflected sharp leading edge, only the profile for a = 0' 
shows the higher ratio of h,, to wake breadth which is characteristic of 
a "short bubble" flow at the other incidences the curves obtained showed 
the lower values of &.s ratio consistent with i "long bubble" flow. At 
the higher incidences, the profiles obtained with the sharp and the round 
leading edges can be seen to be very similar. 

In the case of the sharp leading edge with nose flap deflected, how- 
ever, only the curve for a = 15.Z” (above the stall) was of "long bubble" 
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type and the breadth of’ the wake was comparatively small at all other 
mcidences. The effect of the lower-surface separation at low incidences 
CM be seen to be small; moreover, this separation did not change the 
shape of the wake as did the long bubble separations which occurred with 
the symmetrical round and sharp sections. 

4.6 Boundary-la.yer traverses 

The boundary-layer traverses (see Pig.9) for the different leading- 
edge configurations were generally made for a = 7.10, on the wing upper 
surface at IC$, 35% and 8C$ chord. The pitot and static traverses were 
normally made with the head parallel with the local vrrng surface pointing 
upstream; when a separated region was present and the velocity fell to zero 
SOW distance from the surface, the regions of reversed flow between this 
point and the surface were examined with the head reversed and pointing 
downstream. The distance Z was measured normal to the local wing surface 
with the origin Z = 0 at the wing surface. 

At a = 7.10, with the basic round-nosed leading edge, the etidtence 
of the "long bubble" se aration, 

7 
and the associated reversed flow regzon, 

is confirmed (see Fig.9 a)) by the results obtained at about I@ chord. 
Between 1% and 35% chord, the reversed flow region disappeared; this is 
conslstcnt with oil and tuft studies (see Fig.11) which indicated 
reattachment at about 25$-3C$ chord for this incidence. 

With the row of strakes fitted to the leading edge, the traverses 
midway between and directly aft show large differences. Aft of a strake, 
it will be seen that the boundary layer was thin, with moderate head losses. 
Midway bet?szn the strnkcs, the boundary layer height and total head 
deficiencies were larger, and the results of the traverses were more 
tifficult to interpret. At 55 chord, the existence of reversed flow midway 
between the strakes was indicated by negative values of U/U,, with 
reattachment by 1~36 chord, this agreed with the results of visualisation 
tests (see Flg.ll), which suggested that the presence of the strakes 
oonflned the reversed flow regions to triangular regions extending from the 
leading edge be-hseen adjacent strakes to vertices at IO,?,? chord, The 
traverses at 35% and 8% chord show two peak values of total head deficiency, 
one at the surface and the second above the surface. This corresponds to 
the double peak observed in the wake traverses (para. lc.5) and the additional 
peak was probably caused by the trailang vortex system created by the strakes. 

The traverses at a = 7.1' for the symctrical leading edge (Fig.P(i)) 
show, as would be eqected, the existence of a more extensive separated 
region than occurred on the basic wing at the same incidence (&&P(a)), and 
the reversed region can be seen to extend further back than 35% chord. 

With the nose flap deflected on the shaq leading edge, Fig.P(e), 
there was no indication of leading-edge separations, tither on the lower or 
on tne upper surfaces of the wing at a = 7.1°; the boundary layer was thin 
and total head losses small. At a = 00, the lower surface separation was 
revealed by the trlverse at 1% chord. This separation was, however, 
evidently suppressed by a = 7.1°, and in any case did not result in large 
profile drag coefficients, even at a = O" (see para. 4.3). 

4.7 Pressure distributions at different spanwise distances from an isolated 
strake 

In order to investigate the spanwise distances over which a strake 
affected the "long bubble" type of separation, some upper-surface pressure 
distributions were obtained with an isolated strake, see Fig.l(f), attached 
to the basic wing at various distances from a mid-span pressure traverse. 
The results are given in Fig.10 for a = 5.i", 8.1°, 12.1' and 15.1°. 
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At a= 5.i", the basic wing exhibited a "short bubble" type of flow, 
and the strake is seen to have had little effect on the wing Pressure 
distribution. At a= 8.1°, the basic wing (dashed curve) exhibited a 
"long bubble," with a nearly constant Pressure region (C n -1.3) about 1% 
chord in extent. With the isolated &rake attached to ?he wing, all the 
pressure distributions were affected considerably, even as far as 1.067 
chord spanwise from the &rake; higher negative Pressures were obtained 
at the leading edge, although the general shape of the -es was still 
that associated with a "long bubble" separation. At a = 12.1' and a = 15.1°, 
the same trend can be seen. In these cases, the basic wing had a constant 
region occupying the whole wing chord, the presence of the &rake created 
extensive regions near the wing leading edge where the pressure v,as more 
negative than on the basic wmg. As at a = 8.1°, the presence of the &rake 
caused significant changes in the upper surface pressure distributions as 
smch as i.067 chord spanwise from the strake. 

Flow visualisation studies, using titanium oxide, confirmsd (kg.11) 
that the isolated strake affected the surface flow for a considerable 
distance spanwise. At a = 8.j", where reattachment occurred on the basic 
wing at about 4% chord, the isolated strake caused the reattachment 
position to move forward to the leading edge in the vacinity of the &rake; 
the new reattachment line swept back to blend into the normal constant-chord 
reattachment position at about 0.5 chord spanwise from the strske. At 
LX = 12.1° and a = 15.1° the basic wing exhibited a complete separation; 
the addition of the straie created a reattachment line sweeping downstream 
from the &rake to the wing trailing edge at about 0.5 chord spanwise fro& 
the &rake. Thus, the presence of the &rake affected the surface flow 
considerably at distances of the order 0.5 chord spanwise from the strake, 
and it does not seem unreasonable that the effect on the pressure distribu- 
tion should extend still further from the &rake. 

4.8 Pressure recovery factors 

In Ref.3, Norbury and Crabtree have considered the pressure recovery 
region of a "long bubble." 

O-= 
CP2 - cP, 

A pressure recovery factor, 6, is defined by 

1 -C where C is the Pressure coefficient at the reattachment 
PI P2 

position and C 
PI 

is the virtually constant pressure coefficient over the 

front of the bubble. By applying the momentum theorem and the equation of 
continuity to the Pressure recovery region, it is shown that the value of6 
should lie between 0.37 and 0.45, prwided reattachment occurs ahead of the 
wing trailing edge. When reattachment is near the trailing edge, or does 
not occur at all, part or all of the pressure recovery takes place in the 
wake ; in such cases, the trailing-edge pressure can be used for C 

p2 
but d 

tends to be smaller than the above values. The experimental evidence of 
Ref.4 was shown to support the theory. 

Fig.12 shows the trends for the present tests. Although it is 
difficult to assign the value of C 

p2 
accurately, the general trends presented 

should be correct. 

The top diagram shows the variation ofu with a for the basic round 
leading edge and for the undefleoted sharp leading edge. The value ofo- 
decreases with increasing wing inoidence, falling to zero above the stall 
when all the pressure recovery took place in the wake aft of the wing 
trailing edge. At constant incidence below the stall, a is smaller for the 
sharp section because of the larger degree of separation. 
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The lower diagram shows the spanwise variatzon of u for three 
incidences with an isolated &rake attached to the basic wing. The strake 
tends to increase the value ofa , particularly at the two higher incidences, 
where the influence of the &rake extends over one chord length spanwise 
from the centre of the strake. 

4.9 Comoarison between measured and calculated pressure distrlbutims 

F1gs.13, 14 and 15 show, for conrparison, measured and calculated 
pressure distributions for cases (a), (d) and (e) at various incidences. 
The theoretical distributions have been calculated using Refs.5 and 6, no 
allowance having been made for the effect of the separations on the 
calculated distributions. For the basic wing at a = 5.10, there 1s good 
agreement between measured and calculated pressure distributions (see Fig.l3), 
because the presence of the short bubble had only local effects on pressure 
distribution. However, between a = 5.10 and a = 6.10, the "long bubble" 
formed with an immediate effect on the experimental distribution. The 
peak suction at the leading edge collapsed; and, instead, there was a 
region of nearly constant pressure ocoup 

3 
ing about 5% chord. As the 

incidence increased further, see Fig.3(a , the "long bubble" developed and 
affected the measured pressure distributions progressively. 

With the undef'lected sharp leading edge, the "long bubble" separation 
began as soon as the wing incidence increased from zero thus causing large 
effects on the pressure distribution, even at a = 3.1° [see Fig.14). 

Finally, in the case of the shaq leading edge with nose flap 
deflected ~25~ (see Fig.15), the calculated and measured pressure distnbu- 
tions differ considerably at a = O" and a = 3.1°, as a result of the lower- 
surface separation. From a q 5.10 to a q 12.2O, the differences between 
experiment and calculation are not large, although the predicted double 
peak in the upper-surface pressure distribution was not attained in practice. 
This was probably due to a local separation from the sharp leading edge* on 
the upper surface, which was confined by the favourable pressure gradient 
ahead of the second peak at the knee of the flap. (However, the number of 
pressure-plotting stations near the leading edge was not sufficient for this 
to be stated with certainty.) 
tions below a = 12.2O, 

This leading edge showed no marked separa- 
and thus good agreemnt was obtained over virtually 

the whole of the incidence range right up to the stall. 

It is clear that a theoretical method for calculating the pressure 
distributions which would occur on a thin wing should make due allowance 
for the effects of the leabng-edge separations. Such a method has been 
proposed by MaskellS, which yields an infinity of possible solutions, sinoe 
the pressure head in the bubble IS arbitrary. However, if an appropriate 
value for u can be assigned (see Ref.3 and para. 4.8), then the solution 
becomes determinate. An example calculated by this method is given in 
Ref.9, and this shows good agreement with the pressure distribution measured 
on a wing with a "long bubble" present. 

5 CONcI,lJSIONS 

At the test Reynolds number (2 x 106), the upper surface of the basic 
round-nosed section exhibited a "short bubble" flow up to 5O incidence, 
above which incidence a 
edge by IO0 (CL 

"long bubble" developed, spreading to the trailing 
q 0.87). 

max 

Vhen a nose flap is deflected on a thin round-nosed section (e.g., see 
Ref.7), the theoretical double peak distribution is attained in practice. 

- 12 - 



Addition of a spenwise row of triangular strakes along the leading edge 
inhibited the bubble growth, end. nllovd. a certain degree of pe& negative 
pressure to occur neczT the leading edge. However, with the particular strake 
arrangement tested, the lift-incidence curve slope w‘as reduced, CL,,,= was not 

increased, end the overall drag coefficient at a given lift coefflclent was 
not reduced. 

Addltlon of a sharp leading ed+ge to the basic round nose caused a "long 
bubblefl flow to develop from immediately above zero incidence, resulting in 
an early stall (Cb, q 0.8). 

On deflection of anose flop with this sharp lea&q edge, the upper 
surface flow remained attached, with some evidence of local sepsxation snd 
reattachment on the surface of the deflected nose, right up to the stall; 
CL was decreased slightly at loa incidences but the lift curve was extended 
(CL,= n 1.1). 

The measured proflle drsg coefficients reflected the formation and 
development of the "long bubble". Loss of the leading-edge suction peak on 
the formation of such a bubble, resulted in rapid increase of drag. This 
change took place at 5’ on the basic round-nosed section, and at 0' with the 
sharp nose; when the sharp nose was deflected the drag remained low right 
up to the stall. 

Observed movement of the centre-of-pressure position, end changes in 
the wake shape and boundary-lsyer profiles, were Likewise found to be 
associated with the development of the bubble flows. 

Some eddltional tests on the bssx round-nosed. section showed that a 
single small strake fitted to the leading edge substsntially affected the 
bubble formation for a spanwise distance m excess of one wmg-chord length 
from the strake. 

c 

‘e = l.lc 

CD 

c, 

‘rn 

% 

% 

% 

NOTATION 

basic chord 

extended chord 

drag coefficient 

lift coefficient 

pitching moment coefficient 

surface pressure coefficient 

constant value of Cp in fore portion of long-bubble 

value of C P at reattachment position 

h E 
Ho -H 

Ho - PO 
wake total head. deficiency coefficient 

%lax maximum value of h across the wake 
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H total head 

Ho tunnel total head 

k distance of centre-of-pressure position on wing from leading 
edge 

P static pressure 

PO tunnel static pressure 

U local velocxty in boundary layer 

UO 
mmstream velocity 

u = H-p ratio of local velocity in boundary-layer to mainstream 
F Ho-p0 J velocity 

chordwise distance fram leading edge 

normal distance from local surface in boundary-layer traverses 

distance from tunnel centre-line in wake traverses (see Pig.8)' 

wing incidence 

C -c 

CT= p: PI 
I-C 

pressure recovery factor 
PI 

&. 

1 

2 

3 

4 
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Butler, S.E'.J. Low speed tests on a 6% thick R.A.E. aerofoll 
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Crabtree, L.F. 
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PP. 597-604. 
August, 1957. 
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TABLE 1 

Idodd details 

Wind tie1 R.A.E. No.2 II& ft x 83 ft 

Configuration (a) Round leading edge (d) Sharp leading edge 

Span 8.5 ft sPann~.ng tunnel vertically 
Chord c = 2.5 ft 
sectron R.A.E. 101 R.A.E. 101 + 1% leading 

edge extension 

VC 0.06 

Max. thickness 0.3 chord 0.36 extended chord 
position 

Test Reynolds 1.95 x 10 
6 

number 

Details of &rakes 

Several arrangements of strakes were tested on (a), the basic round- 
nosed aectFon, namely: - 

(b) . 
(c) 

A row of 8 &rakes at 7.5 u. pitch spanwise (0.2% 
A row of 7 strakes at 7.5 m. pitch spanwise (0.250 1 . 

For cases (b) and (c), the 
triangle, of base 3.2 in. (0.107~ P 

lanform of each &rake was an isosceles 
and height 4.8 in. (0.16~) (see Fig.1). 

(f) An isolated &rake at various spanwise distances from a static 
pressure traverse. 

For cast (f), the planform of the strake was a symmetmcal trapezoid 
of height 3.2 in. (0.107~) and parallel sides of lengths 1.07, 3.2 in. 
(O.O36c, 0.107~) (see Figs.1 and IO). 
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TAEGZ 2 

Surface pressure coefficients 

(a) Round lea&inn edge 

uo = 125 ft/sec R = l.95x106 

1 qx 1 0 1 5.1 1 6.1 1 8.1 1 10.1 1 12.1 1 15.1 
\ 

0 
O.OO@ 
0.0116 
0.0488 
0.099 

Ning 0.199 
upper 0.299 
surface i-2: 

01597 
0.697 
0.797 
0.899 
0.969 

O.OO& 
0.0114 
0.060 
0.099 
0.199 

Ving 0.300 
lower 0.399 
surface 0.498 

0.598 
0.698 
0.798 
0.899 
0.971 

+0.990 
0.033 

-0.093 
-0.160 
-0.183 
-0.187 
-0.184 
-0.151 
-0.117 
-0.081 
-0.037 
-0.004 
+o.ozg 

0.074 

+0.139 
-0.069 
-0.154 
-0.163 
-0.184 
-0.179 
-0.154 
-0.117 
-0.077 
-0.026 
-o.oog 
+0.029 
+0.059 

-3.363 -2.071 
-3.801 -1.933 
-1.950 -1.966 
-1 .ogl+ -1.950 
-0.794 -1.245 
-0,570 -0.588 
-0.460 -0.474 
-0.375 -0.393 
-0.304 -0.342 

-1.559 
-1.573 
-1.380 
-1.053 
-0.814 
-0.595 
-w-?3 

-0.157 -0.173 -0.229 
-0.0~1 -0.106 -0.168 
-0.027 -0.045 -0.1 og 
+o.o&o +0.031 -0.073 

+0.960 +0.976 +0.956 
0.910 0.920 0.958 
0.487 0.531 0.605 
0.354 0.398 0.474 
0.184 0.221 0.290 
0.103 0.136 0.188 
0.075 0.100 0.143 
0.059 0.081 0.114 
0.061 0.074 0.095 
0.061 0.072 0.080 
0.061 0.060 0.059 
0.066 0.059 0.033 
0.0h9 0.054 -0.008 

+0.945 +0.980 
9.963 0.956 
0.643 0.64~ 
0.5'10 0.513 
0.324 0.325 
0.225 0.226 

' 0.165 0.160 
0.124 0.106 
0.101 0.062 
0.065 0.025 
0.024 -0.050 

'-0.030 -0.133 
~ -0.115 -0.222 

-0.lJ2 
-0.474 
-0.468 
-0.466 
-0.474 
-0.478 
-0.486 
-0.492 

-0.531 
-0.551 
-0.549 
-0.499 

4.973 
1.005 
0.728 
0.603 
0.410 
0.290 
0.216 
0.155 
0.102 
o.ol+E 

-0.026 
-0.126 
-0.272 
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Wing 
UPPer 
surface 

Wing 
lower 
surface 

TABIE 2 (C&d.) 

Surfwe i pressure coeffxients 

(b) Round leadim! edge - midway between straxes 

u, = 12.5 ft/sec 

0 ~1.006 -1.209 
0.00;8 0.074 -1.391 
0.0116 -0.065 -1.464 
0.0@8 -0.150 -1.293 
Q.QVV -0.173 -0.602 
0.199 -0.182 -0.552 
0.297 -0.182 -0.406 
0.397 -0.150 -0.336 
0.498 -0.104 -0.267 
0.597 -0.072 -0.199 
0.697 -0.039 -0.157 
0.797 -0.014 -0.085 
0.899 e0.018 -0.026 
0.969 0.062 io.033 

0 -1.703 -1.710 -2.392 
0.004,8 ;I .ooy +0.914 J-0.738 
LI.OlIG 0.923 0.978 1.005 
0.0488 0.513 0.640 0.774 
0.039 0.318 0.428 0.552 
0.199 0.168 0.262 0.354 
0.299 0.095 0.173 0.219 
0.397 0.070 0.131 0.183 
0.498 0.056 0.099 0.145 
0.597 0.059 0.096 0.118 
0.697 0.065 0.092 0.080 
0.797 0.065 0.078 0.062 
0.899 0.065 0.067 0.033 
0.969 0.070 0.058 0.001 

0 5.7 

R = 1.35x106 

7.1 

-1.873 

1: -56;; 
-1:601 
-0.862 
-0.706 
-0.539 
-0.429 
-0.333 
-0.251 
-0.176 
-0.11 y 
-0.057 
+o.ooz 

10.1 

-2.497 -2.420 -2.141 
-2.140 -2.206 -2.114 
-2.186 -2.276 -2.166 
-1.600 -1.630 -1.466 
-1.237 -1.274 -1.207 
-0.867 -0.928 -0.991 
-0.695 -0.759 -0.816 
-0.565 -0,610 -0.645 
-0.433 -0.477 -0.513 
-0.334 -0.381 -0.432 
-0.286 -0.315 -0.385 
-0,191 -0.252 -0.347 
-0.129 -0.198 -0.309 
-0.0% -0.158 -0.289 

12.1 

-2.579 
bo.650 
1.001 
0.809 
0.587 
0.377 
0.256 
0.186 
0.137 
0.103 
0.070 
0.027 
0.007 

-0.058 
A 

15.1 

-2.358 
co.551 

0.976 
0.849 
0.638 
0.420 
0.286 
0.199 
0.137 
0.090 
0.044 

-0.014 
-0.085 
-0.150 
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TAEX.8 2 (Contd.) 

Surface pressure coefficients 

ic) Round 1eadinR edge - directly aft of drake 

UO = 125 ft/sec R = 1.y5x10 6 

wing 
lower 
surface 

u. 

VC 
1 

do48 
0.0116 
0.04i38 
0.099 
0.199 
0.299 
0.397 
0.498 

::g 
0.797 
0.899 
0.969 

0 
0.001+.8 
0.0116 
0.0488 
0.079 
0.199 
0.299 
0.397 
0.498 
0.597 

g;; 
0:099 
0.969. 

c 

+ 

+ 

0 5.1 

.o.496 0.319 
0.307 0.042 
0.085 ,0.454 

.O.l27 ,0.709 
a159 '0.640 
.0.171 ,0.532 
.0.168 ,0.468 
.0.143 ‘0.383 
.0.106 Q.295 
-0.074 '0.215 
.0.041 ,O.ll+E 
.0.016 0.093 
.O.Ol y ,0.033 
0.058 0.034 

0.766 
0.732 
0.596 
0.418 
0.294 
0.171 
0.100 
0.071 
0.059 
0.062 
0.055 
0.059 
0.059 
0.073 

7.1 

0.746 
0.142 
0.613 
0.865 
0.851 
0.673 
0.575 
0.465 

z; 
0:191 
0.130 
0.066 
0.002 

0.832 
0.818 
0.712 
0.548 
0.414 
0.262 
0.169 
0.126 
0.105 
0.092 

2 2: 
0.053 
0.051 

10.1 12.1 

0.226 rO.215 
.0.327 -0.194 
.0.608 -0.721 
A.184 .I.352 
,1.162 -1.172 
.0.863 -0.897 
.0.731 -0.771 
-0.585 -0.626 
.o.455 -0.500 
.0.350 -0.401 
.0.271 -0.333 
.0.204 -0.277 
eo.143 -0.214 
,o.o93 -0.166 

.0.880 
0.878 
0.802 
0.658 
0.517 
0.345 
0.235 
0.177 
0.137 
0.110 
0.088 
~056 
0.018 

o.oq3 

-0.901 
0.894 
0.829 
0.691 
0.548 
0.365 
0.242 
0.198 
0.126 
0.111 

0.021 
-0.028 
-0.072 

15.1 

~0.120 
a.307 
-0.825 
ml.265 
.I.151 
.o.947 
-0.789 
.0.630 
-0.520 
-0.459 
.0.432 
SO.378 

-0.924 
0.924 
0.873 
0.743 
0.603 
0.402 
0.265 
0.187 
0.127 
0.075 
0.031 

-0.030 
-0.099 
-0.175 
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a 
i( 

\ VC, 
-- 
0.0455 
0.0919 
0.181 
0.272 
0.362 

0.725 
0.816 
0.909 
0.972 

-- 

0.0455 
o&91 
0.181 
0.272 
0.362 

0.725 
0.816 
0.909 
0.972 

0 

_--- 
+O.oaJ 
0.019 

-0.a 
-0.155 
-0.169 
-0.146 
-0.110 
-2.077 
Q.041 
-0.013 
+o.on 

0.060 
-- 

1.0 

-3.018 
-0.068 
-0.306 
-0.215 
-0.212 
-0.180 
Q.141 
-0.m 
-0.059 
-0.031 
+o.cQ3 

0.051 

+a=7 
0.120 

-0.114 
-0.036 
-0.109 
-0.038 
-0.45 
-0.050 
-0.020 
Q.oa 
+O.OZl 
0.060 

!rABLI 2 (conta.) 

Surface przssu~e coefficients 

(a) sharp bdlngedge 

u, = 125 ft/zc R q 2.15x106 

-- 

2.0 

-0.783 

Q.350 
-0.270 
-0.2% 
-0.219 
-0.171 
-0.125 
-0.0.31 
-u&7 
Q.co3 
+o.d.5 

+0.355 

$5 
. 

-fl.OHl 
-0.055 
-0.042 
-O.OUr 
-0.001 
+0.013 
0.031 
0.065 

_- 

3.1 

-1.Ob7 
-0.793 

2-z 
Qo:250 
Q.195 
-0.147 
-0.096 
-0.057 

2$ 

+o.457 
0.303 

-o&Y3 
to.033 

2% 
-0.co6 
+O.cOl 
0.021 
0.026 
o.a42 
0.067 

4.1 

6.912 
-1.150 

:*$z 
$9; 

-o:212 
-0.161 
-0.113 
-0.069 
-0.019 
+0.054 

CO.542 
0.372 
0.061 
0.082 
0.027 
0.013 
0.016 
0.029 
0.034 
0.034 
0.041 
0.059 

5.1 

-- 

.1.153 
*1.185 
G383 
Q.482 
Q.315 
Q.260 
9.210 
il.162 
Q.112 
0.071 
-3.023 
.0.021 

.O.G!l 
O.'r39 
0.128 
0.132 
0.069 
0.048 
O.@+l 
0.044 
0.051 
0.044 
O.OJ.6 
0.062 

6.1 7.1 

-1.079 
-1.096 
-1.050 
-0.691 
Q.590 
Q.375 

2% 
Q:lZY 
-a.@33 
-0.044 
-0.003 

--- 

-0.937 
Q.952 
-0.958 
-0.952 
-0.817 
Q.651 
Q&3 
-0.352 
QA8 
-0.171 
-0.108 
-0.069 

+O.694 
0.515 
0.217 
O.lYY 
0.130 
0.032 

o":E 
0.007 
0.049 
0.033 
0.018 

10.2 

-0.630 
-0.643 
-0.667 
Q.720 

2% . 
Q.715 
-0.671 
-0.610 

2-22 
Q:j62 

eo.745 
0.463 
0.272 
0.739 
0.156 
0.110 
0.43 
0.347 
0.025 

Q.019 
-0.080 
Q.157 

.- 

12.2 15.2 

-0.518 
-0.527 
-0.555 

2-g: 
Q:6%i 
-17.632 
-0.620 
-o&Q4 
Q.581 

Ioo:E 

-0.530 
-0.532 
-0.538 
-0.540 
'0.550 
Q.57 
-0.567 
-0.579 

$2 

-0153 

+0.766 
0.598 
0.305 

zyl 
0:113 
0.075 
0.035 
0.001 

-0.061 
-0.153 
-0.259 

+o.t342 
0.685 
0.410 
0.358 
0.255 
0.1?3 

:2: 
Ok48 

-0.022 
Q.126 
Q.&3 

G based on extended chord, C, 



Ring 
upper 
surface 

wing 
lower 
surface 

TABLE 2 (Contd.) 

Surface pressure coefflclents 

(e) Sham leading edge - ncm flap deflected 25O 

uo = 125 ft/sec R = 2.15 x lo6 

a 

?C, 
\ 

3.0455 
0.076 

3.181 
0.272 
0.362 
0.452 
0.544 
0.634 
0.725 
0.816 
0.909 
0.972 

0 3.1 

+0.383 
-0.087 

-0.220 
-0.213 
-0.177 
-0.136 
-0.099 
-0.058 
-0.035 
Jro.003 

0.040 

-0.045 
-0.583 
-0.365 
-0.425 
-0.372 
-0.303 
-0.236 
-0.176 
-0.121 
-0.079 
.0.020 
to.040 

0.0455 -0.545 -0.015 
0.076 -0.554 to.001 

0.182 -0.413 0.187 
0.272 -0.049 o.oy5 
0.364 -0.017 0.024 
0.453 -0.049 0.003 
0.544 -0.049 0.003 
0.635 -0.033 0.013 
0.726 -0.015 0.026 
0.817 +o.oor, 0.031 
0.909 0.026 0.045 
0.974 0.060 0.068 

5.1 7.1 10.2 

-0.409 -0.687 
-0.997 -1.328 
-0.559 -0.746 
-0.552 -0.685 
-0.470 
-0.377 :*3 
-0.292 -0:352 
-0.219 ~265 
-0.149 -0.182 
-0.099 -0.120 
-0.030 -0.039 
+0.038 to.034 

+0.484 b0.651 
0.617 0.690 
0.166 0.217 
0.171 0.274 
O.lOC 0.185 
0.07c 0.143 
0.058 0.123 
0.056 0.109 
0.065 0.100 
0.056 0.088 
0.063 0.077 
0.072 0.075 

2.922 
1.679 
0.997 
0.842 
0.685 
0.546 
0.421 
0.324 
0.230 
0.160 
0.076 
0.008 

0.805 
0.817 
0.316 
0.385 
0.282 
0.223 
0.186 
0.154 
0.136 
0.106 
0.076 
0.054 

-f- based on extended chord, c, 
e 

12.2 15.2 

3.368 
,2.727 
.l.ljO 

aO.892 

a570 
,0.445 
to.345 
fo.259 
*0.193 
~0.127 
JLo4-8 

zz 

0.854 
0.397 
0.434 
0.322 
0.254 
0.206 
0.172 
0.143 
0.102 
0.056 
0.015 

-1.160 
-1.176 
-1.038 
-1.047 
-0.983 
-0.914 
-0.833 
-0.740 
-0.642 
-0.550 
-0.455 
-0.292 

+0.839 
0.843 
0.395 
0.434 
0.322 
0.2LY 
0.189 
0.138 
0.096 
0.030 

-0.057 
-0.158 
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TAT325 2 

Lift, drag and patching moment coefficients and centre 
of pressure positions 

a ) Round leadInK edge 

u 0 = 125 ft/sec R = 1.95~10~ 

a CL % 'm k 
-c 

0 0 +0.005 0 
+5.1 +0.546 0.0085 +o.ool 

6.1 
-1.0.248 

0.629 0.042 -0.001 0.251 
8.1 0.777 0.114 -0.018 0.273 

IO.1 0.868 0.191 -0.088 0.349 
12.1 0.646 0.237 -0.102 0.3Y9 
15.1 0.656 0.273 -0.099 0.390 

(b) Round leading edge - midway between strakes 

UO = 125 ft/sec R = 1.95x106 

a 5 CD C k m a 

0 0 +0.0095 0 
+3.1 - 0.030 

5.1 10.486 0.056 -0.004 +0.258 
7.1 0.631 0.084 -0.015 0.273 

10.1 0.801 0.141 -0.026 0.282 
12.1 0.840 0.168 -0.031 0.286 
15.1 0.865 - -0.046 0.302 

ic) Round leading edge - dx-ectly aft of strake 

uo = 125 ft/=c R = 1.95x106 

I I 
a % 

I I 
0. 0. 0 0 +0.0115 +0.0115 I O 0 

+3.1 +3.1 O.ccJ7 O.ccJ7 

::1 ::1 +0.427 0.557 +0.427 0.557 
0.021 
0.021 0.068 

-0.020 
0.068 -0.020 -0.029 -0.029 +0.298 0.301 

10.1 10.1 0.708 0.708 0.128 0.128 -0.040 -0.040 0.305 
12.1 12.1 0.772 0.772 0.155 0.155 -0.043 -0.043 0.305 
15.1 15.1 0.806 0.806 - , , , 

! - 
-0.050 -0.050 0.310 

. . 
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TAEXE 3 (Contd.) 

(* d Sh 

Uo = 125 ft/se~ R = 2.15x,& 

G 0 
+3.1 

I 
,“:1 
7.1 

10.2 
12.2 
15.2 

CL 

0 
+0.354 

0.407 
0.524 
0.731 
0.759 
0.703 
0.757 

CD I cm 

+0.0105 0 
0.0235 +o.ooi 

0.049 0.001 0.006 
0.105 -o.oJ+?+ 
0.211 -0.110 

-0.103 
0.224 -0.120 

k 
a 

+0.2@ 
0.247 
0.238 
0.309 
0.390 
0.391 
0.402 

e ) 3~ leading edge - nose flap deflected 25’* 

uo = 125 ft/sec R = 2.15 x 10~ 

I 

CD I 'm - 
+0.026 -0.035 

0.0145 -0.035 
0.0125 -0.021 

T 0.0145 -0.031 
0.030 -0.020 0.048 -0.016 
0.240 -0.123 

Tbefficlents based on extended chord, c, 

- 23 - 



‘Jpper surface pressure coefficients 

IfI Round leadmg edne - at different sDanwise stations relative to 
a sine;le &rake 

Location of 
traverse 

0.067~ spanwise 
from centre-line 
of strake 

0.167~ spanwise 
from centre-lhe 
of strake 

Uo = 12.5 ft/sec R = 1.95x106 

a 

\ 
x 
a 

0 
0. 004.8 
0.0116 
0.0488 
0.099 
0.199 
0.299 
0.397 
0.498 
0.597 
0.697 
0.797 
0.899 
0.969 

0 
0.0048 
0.0116 
o.ol&3 
0.099 
0.199 
0.299 
0.397 
0.498 
0.597 
0.697 
0.797 
0.899 
0.969 

5.1 6.1 8.1 10.1 12.1 15.1 

-2.859 
-3.101 
-1.45c 
-1.018 
-0.806 
-0.515 
-0.409 
-0.342 
-0.279 

-3.448 

1; $9' 

-I:732 
-1.330 
-0.591 
-0.422 
-0.361 
-0.296 

-3.092 -2.280 -2.959 -3.806 
-2.530 -1.853 -2.421 -1.937 
-2.510 -1.820 -1.997 -1 .4l+l+ 
-2.309 -1.924 -1.963 -1.595 
-1.763 -1.573 -1.202 -0.767 
-3.825 -0.848 -0.581 -0.485 
-0.571 -0.689 -0.575 -0.469 
-0.462 -0.611 -0.601 -0.515 
lo.370 -0.534 -0.609 -0.540 

-0.141 
-0.083 
-0.023 
+o.ol+!l 

::::i;:: 
-0.037 
+0.037 

-0.204 -0.384 -0.616 -0.591 
-0.138 -0.317 -0.580 -0.608 
-0.071 -0.247 -0.532 -0.602 
+0.002 -0.180 -O&.60 -0.561 

-2.414 
-2.633 
-2.097 
-1.162 
-0.722 
-0.552 
-o.u+5 
-0.371 
-0.306 

-1.936 
-1.767 
-1.802 
-1.781 
-1.145 

r:*;:,' 
-01412 
-0.326 

-7.281 -2.085 -2.114 -1.718 
-1.832 -1.672 -1.739 -1.439 
-1.852 -1.679 -1.756 -1.44J.l. 
-1.935 -1.679 -1.806 -1.495 
-1.531 -1.322 -1.250 -1.067 
-0.918 -0.985 -l.lll+ -0.874 
-0.715 -0.797 -0.590 -0.64.0 
-0.559 -0.665 -0.566 -0.567 
-0.410 -0.568 -0.562 -0.558 

-0.180 -0.171 -0.225 -0.409 -0.575 -0.579 
-0.119 -0.107 -0.159 -0.338 -0.555 -0.569 
-0.050 -0.043 -O.loQ -0.268 -0.508 -0.530 
~0.016 +O.Ol y -0.033 -0.206 -O.&l -0.479 

i i 
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mar23 4 (Contd.) 

Location of 
traverse 5.1 6.1 a.1 12.1 15.1 

0.0&3 :j:g 1::: J y -2 -I:600 020 -1 -1. -3 60 94 -1.5 -1.2 A 2 8 
0.0116 -1.937 -1.741 -1.597 -1.396 -1.292 
0.0@8 -1.078 -1.764 -1.665 -1.433 -1.335 
0.099 -0.7cJl -1.307 -1.649 -1.394 -1.370 

0.267~ spanvnse 0.199 -0.556 -0.588 -0.983 -1.029 -0.808 

f$om&tre-line 0.299 o*3y7 -0.445 -0.364 -0.454 -O.j8I -0.603 -0.467 -0.791 -0.657 -0.691 -0.6~+ 
0.498 -0.293 -0.312 -0.367 -0.542 -0.569 
0.597 - - - - - 
0.697 -0.146 -0.169 -0.214 -0.493 -0.550 
0.797 -0.089 -0.109 -0.153 -0.454 -0.542 
0.899 -0.0!3 -o.o@ -0.099 -0.385 -0.501 
0.969 +0.033 -0.001 -0.056 -0.294 -0.444 

0.00048 :;:g3 -z.ijb -1.973 -1.595 -1.254 -1.567 -1.221 -1.310 -1.186 
0.0116 -1.959 -2.000 -1.256 -1.229 -1.194 
0.04.88 -1.0~5 -1.966 -1.308 -1.238 -1.192 
0.099 -0.794 -1.115 -1.369 -4.227 -1.205 

0.467~ qxmwise 0.199 -0.570 

from centre-line o"*;g -0.456 
;L',$ ;;.;V: -1.032 ;;.T@; 

of strake 0:4.98 -0.371 -0:40% -0:490 -z:: -0:626 
-0.301 -0.301 -0.347 -0.588 -0.60~ 

",% 
0:797 

-0.153 - -or159 -0.196 -0.510 -0.55c 
-0.088 -0.099 -0.137 -0.440 -0.492 
-0.023 -0.039 -0.088 -0.345 -0.3YY 
+0.039 +O.Oli -0.051 -0.258 -0.313 
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TABLE 4 (Contd.) 

0 
0.0048 
0.0116 
o.ol+fE 
0.099 

3.767c spanwise 0.199 

from centre-line E*$T 
cf strake 

0:498 
0.597 
0.697 
0.797 
0.899 
0.969 

0 
0.001Jf 
0.0116 
0.04.8f 
0.099 
0.199 

~f;7~e~~m~~ne 0.299 

of strake 0.397 
0.498 

x's: 
0:797 
o.EJv 
0.969 

5.1 6.1 8.1 10.1 12.1 15.1 

-3.302 -2.111 -2.287 -1.703 
-3.378 -1.936 -1.840 -1.372 
-1.914 -1.945 -4.874 -1.392 
-1.087 -1.945 -1.898 -1.349 
-0.787 -1.196 -1.387 -1.059 
-0.568 -0.575 -0.917 -0.849 
-0.454 -0.462 -0.718 -0.832 
-0.372 -0.382 -0.534 -0.752 
-0.300 -0.306 -0.397 -0.698 

-0.155 -0.159 -0.218 -0.542 
-0.095 -0.099 -0.154 -0.456 
-0.028 -0.042 -c.104 -0.376 
to.041 +0.016 -0.068 -0.311 

-1.2J4.8 
-0.994 
-1.017 
-1.052 
-0.827 
-0.693 
-0.693 
-0.688 
-0,670 

-01569 
-0.503 
-0.438 
-0.383 

-3.362 -2.114 -2.311 -1.399 -1.416 -1.041 
-3.793 -1.943 -1.859 -1.586 -1.120 -0.751 
-1.939 -1.968 -1.875 -1.591 -1.120 -0.739 
-1 .oy1 -: .94.5 -1.918 -1.525 -1.079 -0.816 
-0.792 -1 .I70 -1.389 -1.113 -0.793 -0.610 
-0.564 -0.567 -0.915 -0.078 -0.691 -0.593 
-0.456 -0.456 -0.739 -0.827 -0.702 -0.618 
-0.36C -0.376 -0.546 -0.621 -0.706 -0.640 
-0.299 -0.301 -0.408 -0.627 -0.687 -0.644 

-0.147 -0.152 -0.221 -0.441 -0.590 -0.595 
-0.055 -0.091 -0.162 -0.361 -0.547 -0.554 
-0.021 -0.031 -0.108 -0.289 -0.469 -0.497 
CO.Ol& +0.026 -0.074 -0.21~3 -0.392 -0.442 
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UPPER TURNTABLE 

/////I/////// 

I 

I 
I 
, 

i : 

I 

/ 
LOWER TURNTABLE 

ROUND LEADING EDGE 

51 
Im 
i5 W - 

PltCl-l= 4 d 15 ; 
:I- I 

025c 1 d 
ALSO 

EiED 
STRAKES 
DISPLACED 
o-125 c 
VERTICALLY. 

00 b, C ROUND LEADING EDGE- 
STRAKES ON 

0.167C ’ 
0.267 C 
0.467C s 

60 
w ROUND LEADING EDGE- 

SHARP LEADING EDGE ISOLATED STRAKE 

FIGI. MODEL DETAILS-PLAPJFORM VIEWS. 
0 10 20’n30 
I , I 



@ROUND LEADING EDGE 

R.A.E. 101 SECTION 6%t/c 

16G 
00 b , C ROUND LEADING EDGE-STRAKES ON 

c-c 

2-i& 

0 
d SHARP LEADING EDGE 

DROOP APPLIED ABOUT A HINCjE-LINE 
COINCIDINq WITH THE L E OF THE BASIC 
ROUND NOSED AEROFOIL 

0 
e SHARP LEADING EDGE 

-NOSE FLAP DEFLECTED 25’ 

01 ROUND LEADING EDGE 

-ISOLATED STRAKE 

FIG.2. MODEL DETAILS-WING SECTIONS. 
0 3 6 9IN 
, I I 



CP 

-3-o 

I - 
0 0 ROUND LEADING EDGE 

FIG. 3. SURFACE PRESSURE DISTRIBUTIONS. 



CP 

-2 

-I 

0 b ROUND LEADING EDGE- 
MIDWAY BETWEEN STRAKES 

FIG. 3. (Cont) 



CP 

- J.0 

BASIC 
WINC&L.E. 

(C) ROUND LEAOING EDGE - OIRECTLY 
AFT OF STRAKE 

+I.O J- 

FIG. 3. cant) 



e 

0 d SHARP LEADING EDGE 
X 

c, BASED ON EXTENDED CHORD 

FIG. 3. (Cant) 



CP 

-3 

-2 

. 

((2> SHARP LEADING EDC(E-NOSE FLAP DEFLECTED 25” 

(2-, BASED ON EXTENDED CHORD) 

FIG. 3. (cod) 



(a) 0 ROUND LEADING EDGE 

(b) 0 ROUND LEADING EDGE- MIDWAY BETWEEN STRAKES 
(c) 6 ROUND LEADING EDGE -DIRECTLY AFT OF STRAKE 
(dj x 
(e), ‘2 

CL 

I.0 

0.8 

06 

SHARP LEADING EDGE 
SHARP LEADING EDGE - NOSE FLAP DEFLECTED so 

(bl 
44 - 

(4 

5 IO I5 20 
oc DEGREES 

FIG. 4. LIFT COEFFICIENT VERSUS INCIDENCE. 



0: 

co 

Oi 

(cU OROUND LEADING EOG,E 
(b) 0 ROUND LEADING EDGE-MIDWAY BETWEEN STRAKES 

(C) 0 ROUND LEADING EOE,E-DIRECTLY AFT OF STRAKE 

(d) X SHARP LEAD\NGj EOG,E 

(e) + SHARP LEADINq EDGE -NOSE FLAP DEFLECTEO 29 

a 

f 

/ /’ 

zY4 

($ 

cc 

; 

4 *. 

1’ / / 

-+- 

(e) 

- 

- 

0.4 06 0.0 I.0 I.2 

CL 

FIG. 5. DRAG COEFFICIENT 
VERSUS LIFT COEFFICIENT. 



-0.10 I 
(a) 0 ROUND LEADING EDGE I I 
(b) iii ROUND LEADING EDGE - MIDWAY BETWEEN STRAKLS 
(C) 0 ROUND LEADING EDGE - DIRECTLY AFT OF STRAKE 

-0.15 

+o-0s I I I 

Cm 
(d) X SHARP LEADING EDGE 
(R) + SHARP LEADING EDGE- NOSE FLAP DEFLECTED 25’ 

I I I I I 

+ + 

-0.05 -0.05 

-0.10 -0.10 

+ + 

-0.15 -0.15 

FIG. 6. PITCHING MOMENT COEFFICIENT 
VERSUS LIFT COEFFICIENT. 



- CO- 0 ROUND LEADING EDGE 
I 

(b) 0 ROUND LEADING EDGE- MIDWAY BETWEEN STRAKES 

CC) 0 ROUND LEADING EDGE-DIRECTLY AFT OF STRAKE 

0.2 04 O-6 0.8 I.0 
CL 

I.2 

040 - 

a 

Zi 

(d) X SHARP LEADING EDGE 
(e) + SHARP LEADING EDGE-NOSE FLAP DEFLECTED 2S” 

0 IO 

0 
02 04 06 0.8 I-0 I.2 

CL 

FIG .7. CENTRE OF PRESSURE POSITION 
VERSUS LIFT COEFFICIENT. 



-+o 5 
-+o 4 

-+0.3 
-+0.2 z 

-+o IF 
WIND _ TUNNEL CENTRE-LINE. 

0 
--0.1 
--0.2 
--0.3 
--0.4 

CENTRE OF ROTATION 

AT 30% 
--0 5 

CHORD 

io:s +0:4+0:3 to:2+0:1 6 -&I -0:2 0’3 -&4 -6.5 
z 
F 

(a) ROUND LEADING EDGE 

WAKE TRAVERSES I*OC 
BEHIND WING TRAILING EDGE 

0.77 n 

+dti cd4 *0:3 to.2 +o’, A -0.t -0!2 -0:3 -0'4 go" 

C 

(b> ROUND LEADING EDGE 
MIDWAY BETWEEN STRAKES 

WAKE TRAVERSES l*OC BEHIND 
WING; TRAILIbl(; EDGE 

FIG. 8. WAKE TRAVERSES. 



0 C ROUND LEADING EDGE- DIRECTLY AFT OF STRAKE 
WAKE TRAVERSES I.OC BEHIND WING TRAILING EDGE 

(4 SHARP LEADlNG EDGE 
WAKE TRAVORSES 0 9Ca 9EHlNO WING TRAILING EDGE 

+ 0.5 +04 l 0’3 .02 l 0.1 0 -0 I -02 -03 -04 -0.5 

0 @ SHARP LEADING EDGE- NOSE FLAP DEFLECTED 
WAYE TRAVERSES 0.9Ce BEHIND WING TRALING EDGE 

2 
c, 
25” 

. 

FIG. 8. (Cant) 



2 Or 
aC = 7.1° (UPPER SURFACE) 

u - 
UO 

FIC.9. TOTAL HEAD & VELOCITY TRAVERSES. 



2r 

Y 
UO 

I.1 

09 . ROUND LEADING 

FIG. 9. (cd 

d = 7.1 (UPPER SURFACE) 

EDGE -MIDWAY BETWEEN STRAKES 



cl = T-l0 (UPPER SURFACE ) 

3 
0 .I0 

X 35 
A 80 

(c) ROUND LEADING EDGE -DIRECTLY AFT OF ST-RAKE 

FIG. 9. (Cont) 



H-P, 

H,- 

H = 7.1’ (UPPER SURFACEi) 

WC, 
0 -10 
X *35 
A 630 

J 
0-I 

I 
0.2 

@I SHARP LEADING EDGE 

FIG. 9. (Cant) 



I.0 
H-PO 

Ho- PO 

0 

-1-O 

2-o 

u 
u, 

I-0 

0 

Ho- PO 

x 

Yl 

/ 

771”” 

I Q . . P 
-I 0 1 

d= 7 .I0 ox = 00 

(UPPER SURFACE) (LOWER SURFACE) (LOWER SURFACE) 

2-o 

u 

G 

I.0 

-0 
0.05 

2.0 

u 
u, 

-0 
0.05 

T- 
+ 
/ 

i” 
---p&To 

Z -- 
L3 

@ SHARP LEADING EDGE-NOSE FLAP DEFLECTED 2S” 

FIG. 9. (Cont) 



--- ROUND LEADING EDGE 

0 0.067C 

+ 0 167C SPANWISE DISTANCE 

P 0~267C OF PRESSURE 

I3 0 467C PLOTTING STATION FROM 
x 0*767C ISOLATED STRAKE ( 

V I 067C 

F1wc3. U:PPER SURFACE PRESSURE 
DISTRIBUTI‘ONS AT VARIOUS SPANWISE 

DI STANCES FROM AN ISOLATED STRAKE. 



----- ROUND LEADIN EDGE 

=P 0 0.067~ 1 
+ 0*\67c 
P 0.267~ SPANWISE DISTANCE OF 

0 0.4-67c 
t 

PRESSURE PLOTTING STATLDN 

x 0.767~ FROM ISOLATED STRAKE 

0.2 0.4 O-6 O-8 s I-0 
5 

f 

FIG, IO. (Cont > 



-3 0 

CP 

- I.0 

-- --- ROUND LEADING EDGE 
0 0.067C 7 

t O-167 c 
a 0 26lC I SPANWISE DISTANCE OF 

D 0 461C PRESSURE PLOTTING STATION 

X 0.761 c 

I 

FROM ISOLATED STRAKE 

V I.067C 

FIG, IO. (Cont) 



- - - -- - ROUND LEADlNG EDGE 
0 0.067 C 

+ 0 167C 
A 0 iZ6lC 

i 

SPANWISE DlSTANCE OF 
Q 0.467 C PRESSURE PLOTTING STATION 
X 0.761 C FROM ISOLATED STRAKE 
V I.067 C 

FIG. IO. (Cont) 



(a) ROUND&fAf!D; EDGE (b)( > , c ROUND LEADING EDGE WITH 
ROW OF STRAKES 
(ti = 7.1°T0 d =W”) 

.I 

C 
8 

L 

C 

0 f ROUND LEADING EDGE WITH (0 ROUND LEADING EDGE WITH 
ISOLATED STRAKE 

(M =&lo) 
ISOLATED STRAKE 

(d =12.17 

FIG. II. SURFACE FLOW DIAGRAMS. 



0.8 0.8- 

d d X SHARP X SHARP 

Oa6- 

a( DEGREES 

(a) ROUND AND (d) SHARP LEADING EDGES 

6 

D,G 

(5) A 
t 

4 = 124' 
El d = 15.10 

BASIC WING VALUE 
* 

AT 0~ =8.1" 

I I BASIC WING VALUE 

0.5 c I oc AT 6: 12-14 IS-lo 
SPANWISE DISTANCE FROM CENTRE 
OF ISOLATED STRAKE 

ROUND LEADING EDGE WITH ISOLATED STRAKE 

FIG.12. VARIATIONS OF UPPER SURFACE 
RECOVERY FACTOR. 

w = 
C 

P’ -ccpl PI 



------ CALCULATED 
MEASURED 

-3-o I 

I/ 
I 

CP 1 

_____ ----------__ 
0.6 O-8 TO 

X 
-5 

FIG.1 3. COMPARISON BETWEEN CALCULATED 8, 
MEASURED PRESSURE DISTRIBUTIONS FOR 

(0) ROUND LEADING EDGE. 



-2.0 r 
CP 

I 

-1.0 

oc = 3-l’ 
t I.0 

______ CALCULATED 
MEASURED i 

I 

I 

FIG. 14. COMPARISON BETWEEN CALCULATED 
AND MEASURED PRESSURE DISTRIBUTIONS 

FOR (d) SHARP LEADING EDGE. 



-2 o- 

UPPER SURFACE 

----- CALCULATED 

-2ar MEASUR~O 

CP 

&= 3.1° 
tI.0 3 

F I;& : !3. K’&l P&& SON BET W EEN CALCULATED 8 
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FIG. 15. (Cant) 
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