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The unoertalnty of the validity of theoretiodl estimates and the 
absence of experimental d&a for the pressure distribution at the centre- 
section of a sweptback wing at high subsonic speeds led to the present 
tests. The measurements have been made on a .!@O sweptback wing over the- 
Maoh number range 0.50 to 0.94, at zero incidence. 

Given pressures are reached further af't at the centre-section than 
on a section of the infinite shearedwing. In particular the supersonic 
region, when formed, occurs much f&the?? aft end. the shock-wave moves 
quickly to a position close behind the trailing edge. The isobars lose 
their sweep in the neighbourhood of the centre-section end this reduces 
the critical Mach number from 0.38 for the shearea wing to 0.81 for the 
centre-section. The maximum local Mach number at the centre-sectiotl 
taxis to a steady value of about 1.15 at high subsonic speeds. 

Theorctioal estimates of the pressure distributions on the sheared 
wing at zero incidence are shown to agree well with the measured. values 
for speeds at which no shook-waves form but estimates for the centre- 
section agree well only at very low speeds. & higher speeds (even at 
M = 0.5) the theory predicts too low a pressure over the forwarahdf of 
the chord. and. too low a suction over the reap half, i.e. it underestimates 
the "centre effect" . 
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I Intro?iuction 

The flon at a "kink" or chsnge of sweg, of a swept wing can be 
regarded as that on en infinite sheered wing together with an ac?Ztional 
kink effect. One result of the kink effeot is that the isobars sre 
brought nearer the edge which is ooncave when viewed from just outside the 
w3n.g. Ctn a wing of constant thickness/chord ratio this leads to changes 
in the local poeitions of boundarrlayer transition end the shock-wave 
(if any) and in the value of the critical Mach number. Knowledge of the 
kink effect IS required in understanding its influence on the characteristics 
of m aircraft with a kinked or swept planform. In particular, there is the 
case of the centre-section of a swept-back v&g, &ere the isobers are 
unswept. Knowledge of the "centre effeot" associated with this is required 
in designing junction shapes to decrease the drag of wing-body combinations, 
partioubr~ at transonic speeds.?,Rr3. 

Theoretical estimates of the pressure distributions at such ocntral 
sections (replacing the wing by a system of kinked source-lines) and on 
infinite sheared wings maybe dexiv~ for inviscid, incompressible flows. 
These may be extended to compressible flon according to linear theory 
(Prsndtl-Glauert rule) and with lugher orrler approximations invol~i~~g the 
use of the incompressible pressure coefficients in the compressibility 
faotor (Weber ruld) . In esy particular ease the difference between the 
distributions at the centre-section end on the sheared wing shows the 
magnitude of the "centre effect", although this difference is not given 
diredXyby the method of calculation. 

Measurements at low spee& have been made on both sheared eings and 
at the centre-sections of sweptback wings, and agreement mith incompressible 
theory has been good (See for example the comparison for wings of thioknesz/ 
chord ratio I& in Ref. 5). 

Measurements have also been made at higher speeds of the pressure 
distributions at several spsnwise stations on a sweptback wing, including 
some at the junction of the wing with a flat-sided bod$. Certain of 
these measurements gave a good approximation for the infinite sheered wing, 
and, regarding the flat-side of the body as a reflection plane, the measure- 
ments at this junction were oonsidered to give a good indication of the 
flo~ at the equivjlent centre-section. However, theoretical estimates did. 
not agree very well with these measurements at high subsonic %ch numbers, 
and some &signs for wing-body junction shape did not produce the desired 
Calculated effects when tested, partly because of this discrepant. 

The need for accurate measurements at high subsonic speeds on an 
actual centre-sedion led to the present tests, which have been made on a 
model tined for research on wing-body junction shapes3. In the present 
report, refermoe to the esrlier results.2 is included to enable a compari- 
son to be made between the flow at the centrcseotion and on the infinite 
sheered wing, end. also to show the accuracy, XII both oases, of theoretacdl 
estimates according to the Yueber rule. 

Hereafter, the terms "centre-section" and "centre effect" refer 
speoificelly to those of a swcptback wing, and "sheared wing" is used to 
moan strictly the infinite sheared wing either in the theoretical case or 
5.n the experimentel approximation (see section 3.3). 
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2 The Model end. Tests 

2.1 Details of the Model 

The wing used was pr imarily required, in combination with several 
different bodies, for tests concerned with the design of Junction shapes. 
It was basrcally a Q" sweptback wing of symmetrical R&X 101 stre&se 
section with a th;hlchess/chord rat&o of I?$, the maximum thickness being c 
at 31% chord. These values of sweepback an&thickness were chosen so that 
the critical Mach number was well below the choking Mach number of the 
tunnel, allowing tests to be extended into the sqercritioel range of 
Maoh number. It was not possible to use either a conventxond sting-mounted 
model or half-model for the centre-section pressure measurements because 
of the interference of the sting or the t-e1 floor in the respective oases. 
Therefore a complete model of the sweptback wing was desiped to be mounted 
on one tip in the half-model position on the tunnel floor, as shown in 
Fig. 2. The wing is described in detail in Ref. 3 and lead&g dimensions 
are given in Table I. 

A floor fairing WJS designed to cancel any reflection effeots from 
the floor which might have interfered with the flow at the oentre-section. 
Measurements3, with and, without the floor fairing present,showed that it 
had no noticeable effect on this flow; the centre-section -ms presumably at 
a sufficient h&,&t above the floor for there to be no interference. The 
measurements reported here were all made with the floor f&ring in position. c 

Inspection of the model when the tests had been completed., shorned 
that along the centre-section the thickness of the 7 . 

7 
varied b&ween . 

0.005 in. and. 0.012 ~1. oversize (on a chord of 13 in. . Near the trailmg 
edge, however, the presence of the measuring tube increased this to 0.016 in. 
oversize. 

2r2 The Tests 

The tests mere made in the RAE IO ft x 7 ft High peedBind Tunnel 
durmg February 1954. The Reynolds number was 1.3 x 10 t based on centre- 
section chord and the Nach number range wcw 0.50 to O.Vl+. The incidence 
range covered was -10, O", +I0 but the tests were primarily concerned with 
measuremmts at zero incidence. 

photographs were taken of transition position using the acenaphthene- 
sublimation techni ue. 

? 
Transition was also fixed on one surface of the 

wing at 10% chord using a threaii of 0.010 in. diameter), and in this 
condition cf the model, the position of the shock-wave was photographed. 

Forces measurements, whvhlch were made on the vring, both with xnd 
without bodies, are reported in Ref. 3. 

3 Results 

3.1 Prew.ration 

The blockage eff ct 
% 

on the free stream Mach nmber, No, was derived 
by the method of Evans using the forceh measurements of Ref. 3. 

The pressure measurements were recorded as differences between those 
at the measuring holes on the model end either the working section static 
pressure or the total head in the settling chamber. These were converted 
to values of local p/Hby the usud procedure for reduction of results. 
Pressure coefficients, Cp, were computed from these values. Nean values 
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(Le. of upper end lower surfaces) of p/H and Cp mere taken, zad the locd. 
Mach number M was obtained directly f&m the mean values of p/H using 
compressible flow tables*. To obtain the values for the upper and. lower 
surfaces at +l", the means were taken between the required surface at +I0 
and the opposite surface at -lo. 

The coefficients of the tangential pressure-force, 9, were obtained 
by numerical integration of the pressure distribution, as &scribed in 
Ref. 2. In the present tests at zero incidence, these ooeffioients We 
the same as norm&L-pressure drag coefficients; the term CT is used for 
consistency with Ref. 2. 

3.2 Aocurac~ 

The blockage effect on Id, varied from 0.001 at MO = 0.50 to 0.023 at 
& = 0 -94, and the oorrcoted value of MO is expected to be accurate over 
the whole range of the tests to within tC.003. 

The measurements over the centre section rray be in error due to the 
variations in No and of the blockage correction over the model _oosition 
and to errors in reading the mananeters. Theme&mum errors msyreach 
the following orders:- 

8 Small inaccuracies in the incidence at both a a O" ana ?I0 are 
overcome by taking the mean values of readings at two surfaces as explained 
in section 3.1 above. 
(see Ref. 2). 

The CT integrations shouldbe accurate to !?Jo.0002 
The effects of the tip and the floor are consderedto be 

negllgibls at the centre-sectzon an& thlr msunpticm is justified by the s+arr 
wise matim of the p&ints of -&nsitior. and shock-wave shown in Pig. 10 ad 11. 

3.3 Results from Earlier Tests 

Reference I.S ma&e to txo groups of measurements from tests on sting- 
mounted models described in Refs. 1 and 2. In these tests the Wang is 
funticnt&ly the same as that of the present tests except for a smsJJ. 
difference in the span. Hodel 2 is a combination of the wing dth a flat- 
sided body. &de1 5 is a combination with a bow having a modified junction 
shape and ie shown in Fig. I. The difference in the span, (compare Figs. 1 
and 2!, is such that the wing outboard of the flat-sUedbody of Model 2 
is exactly the same as the tipper part of the present model. Thus the 
measurments in the wing-bcdy junction of Model 2 oorrespond ?lzrectly with 
those at the present centre-section, and it is now possible to see to what 
extent measurements in such a junction represent the flow at an actual 
centre-section. Errors in the junction measurem~ts arise from the holes 
being in the body rather than the actual. junction (about 0.1 in. awey, 
except near the leading edge). There ere also boundary-layer interaction 
effects probably leading to premature separations or the generation of 
vorticity. The position of transition is well forward in the junstion 
whereas it is toe the rear of the actual ctmtre-section. 

8 Entropy increase through any shocks being neglected, for the shock 
strengths present 
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The wing-body junction shape of Model. 5 is designed to gave the seme 
flow in the junction as on the infinite sheared. wing, at & = 0.87. 
Although this is not attained in the junction, the flow at "section f" 
(see Fig. 1) is seen frommeasured isobar patterns to give a good approxi- 
mation for the sheared-wing flow, and better than obtained on +XQY of the 
other models tested at the same time. Thus "model 5 section f" has been 
chosen in this report to represent the flow on the infinite shesredwing. 
At some Mach numbers, the smeepback of some isobars is slightly (2' or 3') 
less than &o". 

3.4 Fresentation of Results 

The mean velues of p/H, X (local ldach number) ma Cp are tabulated 
for O", and +I0 (upper and lower surfaces) in Tables III, IV, V. The 
values at +I0 are for reference only and are not used in this report. The 
results taken from Ref. 2 (see section 3.3) are the mean values of the 
upper and lower surface measurements at z-0 incidence. 

Fig. 3 shaws the variation with frecstresm Mach number of local. Mach 
number, M, over the chord of the sheered wing (i.e. "Model 5 section f"), 
and Fig. 4 shows that over the centre-section chord. The "three-dimensionel" 
representation of these variations enables certain results to be seen 
Clearly. The local Mach nwtlber is plotted jn preference ta the pressure 
coefficient as it shows more clearly the growth of the supersonzo region 
and associated differences between the centre section end sheered&g+ Ii?.  ̂
order to spread out thelourves at high free-streamMach nwrbers, a loga- 
rithmic scale of (l-&$)2 is used. Also, to illustrate the important trends, 
the locus of the positions of maximum local L&&h number r$, end the con- " 
tour of M = 1.00 ere shown as thick lines. Contours are drawn for sev~.?d 
other locel Xach numbers and thin lines give a guide to the chodwise 
position uver the figures. It shouldbe noted that the tid.ivi&ual distri- 
butions are frequently at different values of 1b for the two sections tested. 

Figures of experimental (interpolated where required) end theoretical 
pressure distributions are shown for Ho = 0.50, 0.82, 0.86 and 0.90 (Fig. 5 
a, b, c, cd- These four Mach numbers are considered sufficient to compare 
the effects of compressibility on the flow at the two sections, and. the 
manner in which the theory fails. The centre effect is shorn in Fig. 6 at 
three Mach numbers for both the theoretical end experime&Kt oases. It is 
obtained directly from the values used in plotting Fig. 5 as the difference 
between the pressure coefficients at the centre-section and those at 
corresponding positions on the sheared wing. 

The variations of trailing-edge pressure coefficients, maxirmrm 100s.l 
Each number, ad. tangential pressure-force coefficient are of interest at 
the higher Mach numbers and are plotted against the free-streanMach nuznber , 
in Figs. 7, 8 end 9. The earlier measuranents of CT at different spenwise 
positions were found in Ref. 2 to fit straight line approximations when 
plotted against (I-$)$. Similar approximations do not fit very closely 
with results for the centre section, which are therefore shown plotted , 

against G only. 

Photographs of the positions of transition and shock-wave are shown 
in Figs. IO end II. 

4 Discussion of Results 

4.1 Vnriation of Local Mach Number 

On the infinite .shearedwing the isobars we swept at 40°, and since 
the streamline, in plan view, is curved, the measured local Mach number at 
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my point is the maxlrmr at that point rather than the streamise cmponent. 
On the other hand, the syr;nnetry of the centre-section mans that the isobars 
there are unswept and the velocitie s at the centre section are evsqwhere 
in a stredse direction. Thus the measuredXach nmber at my point On 
the centre section is the msxinntn at the poir?t szd is also norms.3 to the 
isobers. 

The critica Maoh nmber, &it, is here defined ss that itt whi& 
the component uf the locsl Mach nuniber normsl to the isobars first reaches 
unity. 

t 
4.1.1 The Sheared Wine (Ref. 2) 

The lpsition on the chord of the maximum local Nech nmiber, h, is 
seen from Fig. 3 to move dy slightly resrwerds along the chord tith 
increasing free-stream Mach number. A local Elach number of unity is first 
reached at about & = 0.80. The supersonic region, enclosed by the heavy 
contour of M = 1.00 p;raaually expands with increasing Mach number, extend- 
ing princip&ly over the form& hdf of the chord. 

The critical Mach number as defined above (section 4.1) OCCUTS at 
about I, = I&-it = 0.88. Thishasbeen obtainedusing aceJmiLateddevia- 
tion of the &reed&e from the free-stream direction of about i'O in the 
region of 39 chord. Estdtion according to the Veber rule slso gives 
l&sit = 0.38. 

The shook-wave is not as clear3y defined on the Mach number distribu- 
, tions as on the distributions of pessure coefficient. However, there are 

kinks in the contours of constant local ldach number which me probably 
associated viith the formation of the shock-wave. In particular the contour 
for M = I*10 has a distinct kink dere it crosses the distribution for 
M. = O&U+; this suggests that the shock-wave forms at about this free- 
stream Mach number, e.ILthough it is not strong enoqh to show on the disdri- 
bution of Local Mach number. The maxima local ldach nmber is then I.24 
and its cmponaTt normal. to the isobars is approximately 1.05. 

4.1.2 The Centre-Section 

Comparison of Figs. 3 and 4 shows primarily the gmeral characteristic 
of the centre-section, viz. that the isobars, meximm local Mach numbers 
(peak suctions ) and associated effects nom B.&her aft than on the section 
of the sheered wing. The supwsonio regmn enclosed by the line M = I.00 
lies at the rear of the section instead of being mostly in the forwmd half. 
From Fig. :P it is seen that transition at the centre section occurs at 
about 0.85~ at G -- 0.5 and at almost 1.0~ at Ed, = 0.91, whereas the corres- 
ponding positions for the sheared wing? are 0.45~ and 0.57~ Also from 
Fig. IO M idea ~qbe obtained of the spsndse extent of the centre effect. 

At the centre-section the critical Mach number, as defined above 
(section 4.11, occurs at l& = b&t, = 0.81. This is the s1me vzilue as a 
theoretlcd. estimate acoor&ing to the Weber rule. 

The reerwzzd movement of the position of the inaxw lo& Mach number 
with mcreasz.ng free-streamMach nmber is much more marked then on the 
shearedwing, although at&l, 1 0,5 the rJosition at the centre-section is 
only about 0.1 chord aft of that on the sheared wing. In partioulsr it 
moves back rapidly in the rsnge I$, = 0.84to 0.88, probab3y as a result; of 
the development of a shockwave. Although the shoak-wave is not strong 
enough to be distrnguished on any particular distribution of locd Mach 
number (or of Cp> in this region, the first sim of it is assumed to be 
the increaseamuvemtd in the position of & at about II0 = 0.84, At 
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this Mach nmber the value of && is 1.05, which is the szxne vjLue as the 
component of k normal to the isobers on the sheared wing yrhen the shock- 
wave first appears there (section 4.1.1). Thus the shock-wave zppeers to 
form at about 70% chord (where M = I) at M, = 0.84 and it moves rapidly back 
to the trailing edge by M. = 0.89 (see also section 4.3). The photographs 
showing the shock-wave position (the dark lines on Fig, 11) confirm that 
it is at the trailing edge of the oentre-section at 1% = 0.91. There is a 
suggestion of a bifurcated shcck-xave pattern occurring over the mid-spsn 
portion of the wing but there is no sign of the weak forward linib on any 
of thecentre-sectzon measurements end it is presumed to have died out at 
this section. 

4.2 Pressure Distributions 

4.2.1 The ShesredEn& (Ref. 2) 

The theoretioel estimates (calculated on the yinoiples of Refs. 4 
end 5) we seen (Fig. 5) to agree well with the experimental curves at Mach 
nmbers up to Ba, = 0.86. The very good agreement over the first 305b chord 
at M = 0.82 and 0.86 is rather fortutous. The agreement in this region 
at MO = 0.5 is not as good and the consisted discrepancy here cannot be 
completely explained by the possible error in Cp of ti.008. 

The theoretical distributions tive been celculated for 6 = 40'. The 

P 
ossible effect of the actual isobm sweep differing slightly from 400 
see end of section 3.3) 1s indicated by theoreticel calculations for differ- 

ent values of $. For exeqle, at MO = 0.86 ad. x/c = 0.309 (near the posi- 
tion of peak suction) the theoretical pressure coefficient for $ = 35O is 
-0,581, whereas far $ = 40' it is -0.487 as in Fig. 5(c). Thus the theoreti- 
cal distributions, and presumably the experimentel ones too, are sensitive 
to deviation3 from the nomird angle of sweep. The fact that some of the 
isobars are sli&tly less swept then 40° on "Model 5 section f" means that 
on the truly infinite sheared wing the suctions rmght be rather less then 
the measured ones In Fig. 5. In gsmeral the agreement betlveen theory and 
experiment is very satisfactory at subcritical Nach numbers. It shouldbe 
noted that the steep pressure rises on the experimental CUYVBS of X0 = 0.82 
end 0.86 (in psrticdar) do not represent shock-waxessince Merit = 0.88.* 

b2.2 The Centre-Section 

The distributions in Fig. 5 include those measured in the $xxtion 
of the wing with a flat-siiied b&y (see section 3.3). Although these 
measurements agree in a general way with the present centre-section measure- 
ments, they indicate that if accurate measurements are required for the 
centre-sections of swept wings it is necessary to make the measurements at 
the actud. centre-section. 

The theoreticel distribution has been shown to agree well with experi- 
ment in the inc ressible 

T 
flow case5 end the agreement is still good at 

MO = 0.50 (Fig. 5 . At MO = 0.82, however, a serious discrepancy with the 
actual. distribution is seen to have arisen. The magnitude of the peal. 
suotion Cp is reasonably correct, (thus the estimated value of Grit agrees 
wrth experiment) but its calculated rearward movement due to the centre 
effect is considerably less then actudly occurs. 

The Weber rule does not strictly apply at supercritical Mach numbers, 
but there are no sudden changes at the critical Mach number (IQ = 0.81) in 
the theoreticel d.istribut;lons so that the comparisons at M = 0.82 and 0.86 

* An interesting point is illustrated in Fig. 5(d) which shows the 
differences between the pressure distributions when a shock-wave is present 
end when it is not. Provided flow separation does not occur, the distribution 
behind the shock-wave is nearly the same as that without the shock-wave. 
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merely accentuate the discrepsncie s at high s&critical speeds. The oom- 
pressibillty factor becomes indetermtite over part of the chord by 
Mo = 0.90 and no theoretical distribution for the csntre-section is shown 
on Fig. 5(d). 

L.2.3 The Centre Effect 

The centre effect itself is derived as the difference betmen the 
pressure distributions at the centre and on the shear& wing. The c~nr 
prison between the centre effects derived from theory ana experiment is 
shown in Fig. 6. This indicates the type of error to be alloTred for if 
similar calculations are made in such cases as wing-bow junction design, 
v,tien the important consideration is the oentre effect itself. At the 
lower speeds the theoretical estimate is satrsfactory, but the appoxi- 
mations in deriving the compressibility effects cause poorer estimaees at 
higher speeds. The correction to the theory as it now stands requires, 
in general, an increase in pressure over the forward half of the chord, 
and a decrease over the rear, i.e. the centre effect is at present 
underestimated. 

493 Trailing-Edge Pressure 

The variation of the trailing-edge pressure coefficient with free- 
stream Mach number Mo is shown in Fig. 7. 

It has been found that the variation of this coefficient gives a 
good tiicetion of flow separation by showing an increase in trailing 
edge suotion (e.g. Ref. 7, Fig. 273. Such an increase also occurs if the 
shmk-mve on the wing moves back to, or behind, the trailing edge before 
separation OCCUTS. The pressure distributions &CS*J that no separations 
were present in these tests; in the case of the sheered wing, Lnsuffioiently 
high Mach numbers were reached ana s.t the centre-section the shock-wave 
moved quickly back to, or beh5nd. the trailing edge. Thus the changes in 
trailing edge pressure shown, in Fig. 7 illustrate only the development and 
movement of the shock-waves on the two se&Ions. 

At both the centre-section and on the sheared wing there is seen to 
be a slight increase in pressure above the free-stream &oh rumbers at 
which the shock-wave is assumed to begin developing 
O&V4 respectively, see section b.2.4. 

(i.e* EQ = 0.84 and 
The most significant result is the 

sudden rise in suction when the shock-wave moves back to the trailing edge 
at the centre section at about Mo = 0.89. This g5ves the clearest ti- 
cation of the Yiich number at which the shock-wave reaches the trailing 
cage- The increased suction above Mo = 0.89 shmffi that the shock-wave is 
downstream of the measuring hole, so that it would appear that the shock- 
wave is slightly detached upstrea from the trailing &ledge through 
bcurdary-layer interaction. 

4.4 Maximum Lo&l Machlkmiber 

The chordwise movement of maximum local Xach number, 1h, can be 
seen in Figs. 3 and 4 and has been demised in sections 4.1.1 and I+.'Ll. 
The variation of the magnitude of NW with free-stream Mach number, Ho, 
is shown in Fig. 8. 

At the centre-section the rate of increase of M-with Mo falls 
off at the hi&e& Mach nurdbers testes anit tends to zero at about 
b = 1.15. As is seen from Fig. 4 the &or&&se Mach nuniber distribp 
tions become quite flat so that n value close to the maximum is mainta5nned 
over an appreciable chordwise distance. 
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Cm the sheared wing the increase of Mm= continues as far as the tests 
were made, Le. up to Mo = 0.91 but other tests (Ref. 7) have &OWII that 
this rate of increase dies away and, at higher subsonic Mach numbers, E,& 
levels off in the region 1.3 to 1.5. It is consistent vath the effects of 
sweepback that this effect on Mmax oocurs at higher free-stresmlbach numbers 
on the sheared dng end that the pesk wilue itself is higher than at the 
centre-section. 

It is clear that no sudden changes in the wtude of M- OcCLr 

during formation of the shock-wave at either of the se&low tested, not 
even in the region of rapid movement of the shock-wave at the centresectian ‘ 
between Iif = 0.84 and 0.89. 

4.5 Tsnnential Pressure-Force Coefficient 

The variations of the tangential pressure-force coeffxient, C$, with 
free-streamMach number h&, for both the centre-section and sheared wing we 
shorn in Fig. 9. 

In gezreral the high values of CT at the centre-section are due to the 
positisns of the isobars and peak suction being further aft than on the 
sheared wing. The rapid increase of @ with MO is partly due to the COP 

tinwit reemm-d movement of the peak suction and partly due to the general 
increase of suction. When the shock-wave develops it is unswept endthere- 
fore stronger at the centre-section end the associated drag IS higher. 

1 

At the centre-section the values of 51 falls off at the highest &oh 
numbers (M, > 0.91). This is principally due to the fall off in the rate . 
of increase of M- (see section 4.W and the fact that the shock-wave so 
quickly establishes itself at the trailing edge that the usual continued 
drag increase due to the shock-wave moving aft cannot occur. 

5 Conclusions 

Measurements have been made of the pressure distributions at the 
centre of a sweptback wing at zero rncldence for Maoh numbers between 0.5 
and 0.94. These were required to extend. earlier work at low speeds at-113 
for comparison with theoretical estimates. 

The principal difference between the pressure distribution at the 
centre-section of a sweptback wing end that on an infinite sheared wing 
(of the same sweep) is that the pressures are increased over the front part 
of the centre-section snd reduced over the rear part. This difference, which 
is clearly seen in the measurements, occurs at all subsonic Mach numbers, 
beccming more pronouncea as the free-stream Mach number &, is raised. AS a 
result, transition, the Fe& suction, the shock-wave and the supersonic & 
region all occur nearer the trailing edge of the centre-section than on the 
infinite sheared winp. 

It follows that a loss of weep of the isobars OCCUTS in the 
L 

neighbourhood of the centre-section. This reduces the critical Mach number 
(when the component of local Mach number normal to the isobars reaches 
unity) fromMo = 0.88 for the sheared wing (taken fromRef. 2) to Mo = 0.81 
for the centre-section. Various results for both sections indicate that 
the shock-wave begins to form when the component of local Mach number 
normal to the isobars is about 1.05, I.e. MO = 0.894 for The sheareaTing 
en& 0.84 at the centre-section. At higher Mach numbers, whereas on the 
sheared wing the shock-wave moves only slowly rearwards over the chord and 
the supersonic region is largely ahead of 5% chord, on the centre-section 
the shock-wave moves rapidly to the trading edge, where its arrival at 

- II - 
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id, = 0.89 is shown up wry clearly by a sulden increase in trailing edge 
suction. The supersonic region is then largely over the rear half of the 
chord. 

At the centre-section the increase of b with&, gradually fells 
off above about SQ = 0.90 so that A& tends to a value of about 1.15. 
This is expected. to OOCUT on the sheared. wing at higher values of M. and 
to tend to a higher value of Mm=, nearer 1.5. 

The values of tangentid pressure-force coefficient, CT, sre mucn 
highw at the centre-section than on the sheared wing, and because of the 
continuous r eawerd movement of the supersonic region, they increase 
rapidly with increasing I&. However when the increase of Idmax falls off 
and the shock-wave is well established at the trailing edge the value of 
CT admJ.ly itecreases slightly, i.e. above MO = 0.90. 

The theoretical pressure distributions on the sheared wing and at 
the centre-se&ion agree ~11 with the measured values at low speeds snd 
the allowawe for compressib-ility according to the Ueber rule gives good 
agreanent with the sheared wing measurements up to about hl, = 0.86 (just 
below the oritiod.). At the centre-section however, the agreement is 
not so good at hi& speeds, principally because the cstinate& rearward 
movement of the position of peak suction is too small. In general at the 
centre-section the theory gives too low a pressure over the forwsrd half 
of the chord and too low a suction over the rear half, i.e. insuffioient 
allowance is made for the "oentre effect". The theoretical values of 
critical Mach numbers on both the shearedwing and centre-section agree 
well with experiment. 

Irevious measureme&s in the junction of the wing with a flat-sided 
body give only a fair indication of the pressure distribution at the 
actual centre-section, the error involved being of the or&r of 0.1 in Cp. 

x distance a0wnstrem from ma*ding edge of neOti0n 

c wing chord (except near tips; 

a nomind incidence 

As local Mach number 

& aaxinann local Mach nwher 

MO free-streamNaoh number 

P local static pressure 

II free-stream total head 

cP pressure coefficient 

CT tsngentisl pressure-force coeffioient, made nm-Smnsional by free 
stream mic pressure aid wing chord. 
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TABLE I 

Leaainp.Dimensions 0fWi.q 

Sweepback 4o" 
Chord (exceyt near tips) 13 in. 
Mean chord 12.66 in. 

. SPan 43.4 in. 
Area 3.82 sq ft 
Aspect Ratio 3.43 
Section: Syimetricel RAE 101 (max. thickness at 0.3lC) 

Thiokness-chord ratio 0.12 

TABLE II 

Positions of Pressure Doints (at syrmetricdL positions 
on upper and lower surfaces) 

Inches aft 
of Leading Edge 

0 0 
0.0025 0.033 
0.01 0.130 
0.03 0.390 

0.05 0.650 

0.08 1.0&O 

0.13 1 .@O 

0.20 2.600 

0.30 3.900 

0.40 5.200 

0.50 6.500 

0.60 7.800 

0.70 7.100 

0.80 1o.l+oo 

0.70 11.700 

1.00 13.000 
c 
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M oz 0.50 Id, = 0.75 Ed0 c o.a2 

-i- 
T -r 

-i 

7 
I 

I 
t 

t 

-- 

O0 

0.501 

I .ooo 
@.?64 
0.920 
0.875 
0.856 
0.840 
0,828 
0.814 
0.800 
0.797 
0.802 
0.808 
0.817 
0.827 
0.837 
0.857 

?: 

1 -, 
I 
c 

- 

4.10 
OC 

0.750 

0.999 
0.934 
0.853 
0.772 
0.736 
0.702 
0.674 
0.643 
0.606 
0.590 
0.595 
0.607 
0.624 
0.646 
0.671 
0.716 

t I- 00 

0.820 

1.000 
0.927 
0.838 
0.748 
0.708 
0.669 
0.637 
0.600 
0.553 
0.525 
0.522 
0.532 
0.551 
0.580 
0.618 

0.673 

-I- 
? 

a 

-. M 0 
100 +--..,. 

00 
0.25 

01 
03 
05 
08 
13 
20 
30 
40 
50 
60 

70 
a0 
PO 

loo 

n 

, 

Y$o VC 

uppe-- 
Sw?f a0 

0.752 
-- 

0.999 
0.921 
0.840 
0.75G 
0.720 
0.686 
0.659 
0.627 
0.589 
0.573 
0.578 
0.592 
0.617 
0.642 
0.668 
0.714 

upper 
surface 

0.500 

1 a00 
0.9771 
0.929 
0.885 
0.866 
0.850 
0.837 
0.822 
0.808 
O.EUL!# 
0.808 
0.814 
0.821 
0.829 
0.838 
0.857 

upper 
Surfme 

0.819 f c 
I 
i 

I 

0.752 I 

EG2 
0:944 
0.869 I 

0.766 
0.750 
0.716 
0.688 
0.655 
0.618 
0.603 
0.606 
0.616 
0.627' 
0.647 
0.670 

0.714 

t 

I 

- 

1 .ooo 
0.956 
0.910 
0.865 
0.81+7 
0.832 
0.820 
0.807 
0.793 
0.792 
0.797 
0.805 
0.814 
0.824 
0.836 
0.857 

0.999 
0.915 
0.826 
0.733 
0.693 
0.654 
0.623 
0.586 
0.538 
0.509 
0.503 
0.513 
0.534 
0.570 
0.619 
0.675 

0.999 00 
0.938 0.25 
0.855 01 
0.763 03 
0.723 05 
0.684 05 
0.652 13 
0.614 20 
0.572 30 
0.543 40 
0.540 50 
0.543 60 
0.567 70 
0.586 80 
0.621 90 
0.675 100 



lW3LE III (Cont.) 

M, 62 0.81, 

00 
0.25 

01 
03 
05 
08 
13 
20 

3Q 
40 
50 
60 
70 
80 
PO 

100 

00 UBer 
Surface 

0.84.O 0.840 0.840 

0.999 0.999 0.999 
0.925 0.913 0.y36 
0.836 0.822 0.852 
0.741 0.727 0.757 
0.700 0.686 0.716 
0.660 0.646 0.676 
0.627 0.613 0.642 
0.588 0.575 0.604 
0.540 0.526 0.555 
0.508 O-492 0.526 
0.499 O.&i31 0.519 
0.507 O.l& 0.527 
0.524 0.500 0.544 
0.552 0.532 0.567 
0.601 0.607 0.603 
0.662 0.663 0.663 

T +I* 
- 

i 

.L 

O0 

0.861 

0.999 
0.924 
0.833 
0.736 

0.694 
0.652 
0.617 

0.578 

0.527 
O.&P2 
0.479 

0.475 

0.487 
0.512 
0.560 

0.652 

s 

I 

- 

-I- r 
0.861 

0.999 
0.912 
0.820 
0.723 
0.681 

0.639 

0.566 
0.515 

0.479 
0.465 
0.460 
0.463 
0.482 
0.515 
0.656 

e: 

0.861 

0.999 
0.935 
O-849 
o-753 
0.710 
0.669 
0.633 
0.594 

0.544 
0.509 
0.498 
0.502 
0.519 
0.541 
0.579 
0.656 

- 

O0 

0.881 

I .ooo 
0.923 
0.831 
0.732 
0.688 
0.646 
0.610 

0.570 
0.519 

0.482 

0.467 
o.l& 

0.462 

0.476 
0.503 

0.647 

x00= 0.88 

3 +I' )*..-.-I 
upper 

Surf ace 

0.880 0.880 

0.999 
0.912 
0.816 
0.717 
0.674 
0.63-i 
0.596 
0.557 
0.506 
0.469 
0.453 
0.U 
0.447 
0.454 
0.430 
0.601 

L 

0.999 00 
0.934 0.25 
0.844 01 
0.746 03 
0.703 05 
0.660 08 
0.624 13 
0.554 20 
0.533 30 
0.497 40 
0.@3 50 
0.477 60 
O.l& 70 
0.507 80 
0.538 PO 
0.601 100 
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--I 
loo &‘Me 

00 

0.25 
01 

O3 

05 
08 

13 

20 
30 

40 

50 
60 
70 
80 

90 
100 

v 
-0 

25 0.89 

O0 

0.891 

-t’ er 
SLsace 

0.891 

1 .ooo 0.999 
0.923 0.911 
0.830 0.812 

0.730 0.712 

0.686 0.669 

0.643 0.626 
0.607 0.590 

0.567 0.551 

0.515 0.500 

0.478 0.462 

0.462 0.445 

0.455 0.434 
0.455 0.438 

0.463 0.445 

0.486 0.467 
0.571 0.552 

0.891 

0.999 
0.931 
0.841 

0.741 

0.697 

0.654 
0.618 

0.577 
0.526 

0.488 

0.473 

0.467 

0.469 
0.480 

0.502 
O-552 

L Y 

TABLE III (Cont.) 

Values of '/H 

Id, = 0.90 MO " a.91 

O0 

0.999 
0.922 
0.829 

0.728 
0.684 

0.61+1 
0.604 

0.564 
0.511 

0.473 

0.456 

0.449 

0.448 
0.452 

0.468 
0.492 

0.902 0.902 

0.999 0.999 
0.942 0.933 
0.817 0.844 

0.717 0.745 

0.673 0.700 

0.629 0.657 
0.591, 0.620 

0.553 Q-579 
0.502 0.526 

0.463 0.488 
0.446 0.473 
0.438 0.465 
0.438 0.465 
O.l+J+l 0.469 

0.459 O-434 
0.435 0.485 

O0 T- 
+I 

Upper 
Surface 

LOVCF 

?mx? ace 

0.912 0.913 0.913 

1.000 0.999 0.999 

0.924 0.911 0.932 
0.828 0.814 0.841 

0.727 0.713 0.740 
0.682 0.66% 0.695 
0.638 0.625 0.652 
0.602 O-589 0.615 

0.561 0.548 0.573 
0.508 0.497 0.523 

0.470 0.458 0.482 

0.452 O.l&l 0.465 
O.&l.+ 0.432 0.457 

w43 o.l&l 0.456 

0.445 O-433 w.59 

0.453 O-445 0.465 
0.476 0.471 o-471 

0 

a 

00 

0.25 
01 

03 

05 
08 

13 

20 

30 

rp 

50 
60 

73 
80 

90 
100 
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00 

0.25 

01 

03 

05 
08 
13 

20 

30 

40 
50 
60 

70 
80 

90 
100 

TAXE II< (Cont.) 
ViLlle~ of I"/11 

Id o Y 0.925 M, " 0.94 

+10 +I o 
O0 

Upper IJouer 
00 

Upper 
Ime~ 01 

&E-face surface Surface Surface 

0.926 0.925 0.925 0.940 0.940 o.gr,o M, 100 VC 

1 .ooo 0.999 0.999 l.OcQ 0.999 0.999 00 
0.923 0.910 0.931 0.921 0.910 0.931 0.25 

0.826 0.813 0.839 0.826 0.812 0.839 01 

0.774 0.711 0.739 0.724 0.710 0.737 03 

0.680 0.666 0.694 0.679 0.665 0.G92 05 
0.636 0.623 0.650 0.634 0.621 O.&&f5 08 
0.599 0.587 0.612 0.597 0.584 0.610 13 
0.557 0.546 0.570 0.555 0.543 0.568 20 

0.505 0.494 0.517 0.502 O.&VI 0.515 30 
O.l& 0.455 0.478 0.463 0.452 0.475 40 
o-448 0.437 0.462 0.445 0.433 0.458 50 
O.&O 0.428 O-453 0.436 0.424 O.&T 60 
0.438 0.427 0.452 0.434 0.422 O.wc7 70 
0.439 a.428 0.454 0.435 o-424 o-448 a0 

O.l+!$& 0.435 0.456 0.438 0.428 0.450 90 
0.467 0.463 0.463 o.l& 0.456 0.456 100 

c 
I ‘* .* 
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TAELE IV 

va.hes of x 

Id OS 0.50 E& z 0.75 MO z 0.82 

+10 +I0 
I 

+I0 

a O0 UPPer LCW3r O0 Upper Lower 00 Upper Lower a 
surface surface Surface surface surface Surface 

100 VC 
M, .' 

0.501 0.500 0.500 0.750 0.752 0.752 0.820 0.819 0.819 
MO 

/ 100 x/c 

00 0 0.022 0.022 0.043 0.043 o.ogJ 0.027 0.042 o.oLJl 00 

0.25 0.231 0.256 0.206 0.315 0.345 0.288 0.332 0.358 0.304 0.25 

01 0.348 0.371 0.327 O.l,;rS 0.50G 0.453 0.507 0.529 0.475 01 

03 O.J+,!+l 0.460 O.&m 0.620 0.64.6 0.597 0.658 0.681 0.634 03 

05 0.475 0.493 o-457 0.677 0.702 0.654 0.720 0.743 ~3.697 05 

08 0.504 0.520 0.487 0.729 0.754 0.7q 0.780 0.803 0.757 08 

13 0.526 0.539 0.511 0.772 0.796 0.751 0.829 0.851 0.807 13 

20 0.550 0.563 0.536 0.620 0.845 0.801 0.887 0.908 0.864 20 

30 0.574 o-585 0.561 0.878 0.904 0.858 0.960 0.984 0.930 30 

40 0.578 0.588 0.567 0.902 0.929 0.832 1.005 1.032 0.976 40 

50 0.571 0.579 0.561 0.894 0.920 0.878 1.011 I.041 0.980 50 
60 0.560 0.566 0.551 0.876 0.861 60 

70 0.545 0.550 0.539 0.850' 

0.899 0.994 1.025 o-967 

0.860 0.845 O-964 0.991 0.938 70 

80 0.528 0.533 0.524 0.816 0.822 0.813 0.918 0.934 0.908 80 
90 0.510 0.512 0.509 O.??? 0.782 0.778 0.858 0.857 0.854 90 

100 o-475 0.475 0.475 0.708 0.711 0.711 , 
1 

0.775 0.771 0.771 100 
/ / 
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TAXX IV (Cont.) 

Va-tues of M 
n, = 0.86 Ea, zz a.88 

.zik % - 00 
0.25 

01 

03 

05 

08 

l3 

20 
30 
40 
50 
60 
70 
80 
30 

100 

00 

0.840 0.840 F 0.840 

0.0&l 0.041 0.041 

0.335 0.362 0.308 

0.512 0.536 O&4 
0.663 0.691 0.643 

0.732 0.754 0.708 

0.794 0.816 0.769 

0.845 0.866 0.822 
0.904 0.926 0.831 
0.982 1.004 O-957 

1.034 1.059 1.005 

1 *o&y I.079 1.014 

I.034 1.079 I.002 

1 .fq 1 .oqb 0.975 
0.361 0.995 0.938 
0.884 0.875 0.881 
0.791 0.789 0.789 

T +I0 

0.861 0.361 

0.041 0.041 

0.333 0.365 

0.518 0.541 

0.676 0.697 

0.142 0.762 

0.806 0.826 

0.859 0.873 

0.921 0.940 

I.001 1.021 

I.059 1.082 
1.083 1.106 

1.088 1.115 

3.068 I.109 

1.027 1.076 

0.349 1.022 

0.805 0.800 

7 

eE 

i 

i---- 
Lower 
hlrfao 

0.861 

0.ol.J 

0.312 
O.&p0 

0.650 

0.717 
0.780 

o.a35 

0.896 

0.975 

1.031 

1.05-t 

I.044 

1.015 

0.979 

0.919 
0.800 

- 

O0 

0.88-I 0.880 

0.027 0.034 

0.339 0.366 

0.522 o-547 
0.683 0.706 

0.750 0.773 
0.816 0.839 
o&Jo o.a32 
0.933 0.954 

1.015 1.036 

10077 1.093 
1.102 1.126 

1.113 I.139 
1.110 1.138 

5.088 1.124 

1.041 I.080 
0.813 0.885 

- 

zzer 
Surfac 

0.880 

a.034 
0.3.14 

0.498 
0.660 

0.728 

0.794 

0.841 
0.91-l 

0.993 

1.051 

1.076 

1.085 

I.070 

1.035 

0.985 
0.8a5 
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TABIS ITV (cont.) 

~Jalues Of TYi 
-bf o % 0.90 X0 = 0.89 

O0 

0.902 

0.041 

0.343 

0.525 

0.689 

0.757 

0.824 

0.880 

0.944 

1.028 

1.092 

1.121 

1.134 
1.136 

1.129 

1.101 
1.061 

f T 0 

Lower 
lurr a0 

0.902 

W' +I0 +1 

2s 

O0 

0.912 

0 

0.339 

0.527 

0.691 

0.760 

0.827 

0.884 

0.948 

1.033 

3.098 

1.128 

I.142 

1 .I& 

1.141 

1.126 
1.086 

0.891 

0.027 
0.341 

0.524 

0.686 

0.754 

0.820 

0.875 

0.939 
1.021 

1.084 

1.112 

1.124 

1.122 

1.109 

I.070 

0.332 

a 

7 
loo VC \ 

00 

0.25 

01 

03 

05 

08 

13 
20 

30 

40 

50 

60 

70 
80 

PO 
100 

UPPer 
krcfact 

0.902 

upper 
Surface 

0.8y1 0.891 

0.043 0.043 

0.366 0.322 

0.553 0.504 

0.713 0.668 

0.780 0.736 

0.846 0.802 

0.901 0.859 

0.964 0.922 

1.047 1.005 

1.111 1.067 
I.141 I .OPl 
1.160 1.102 
I.154 1.100 

I.141 1.079 
1.102 I .O@ 
0.962 0.962 

e 

- 

0.913 

0.023 0.023 
0.292 0.317 
0.544 0.497 
0.706 0.662 
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-0.223 
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-0.293 -0.312 '-0.312 -0.316 -0.329 -0.3291 100 
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FIG. 2. WING AND FLOOR FAIRING OF 

PRESENT TESTS MOUNTED ON 
TUNNEL FLOOR. 
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