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SUMMARY

The uncertainty of the validity of theoretical estimates and the
gbsence of experimental data 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 40 sweptback wing over the
Mach number range 0.50 to 0.94, at zerc incidence.

Given pressures are reached further aft at the cenfre~section than
on a section of the infinite sheared wing. In particular the supersonic
region, when formed, occurs much further aft and the shock-wave moves

N quickly to a position close behind the trailing edge. The iscbars lose
their swecp in the neighbourhood of the centre-section and this reduces
the critical Mach number from 0.38 for the sheared wing to 0.81 for the
centre~section. The maximum loocal Mach number st the centre-sgection
tends to a steady value of gbout 1.15 at high subsonic speeds.

-

Theoreticel estimates of the pressure distributions on the sheared
wing at zero incidence are shown to agree well with the measured values
for speeds at vhich no shock~waves form but estimates for the centre~
section agree well only at very low speeds. At higher speeds (even at
M = 0.5) the theory predicts too low a pressure over the forward half of
the chord and too low a suction over the rear half, i.e. it underestimates
the "centre effect™,
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4 Intreduction

The flow at a "kink" or change of sweep of a swept wing can be
regarded as that on an infinite sheared wing together with an additional
kink effect. One result of the kink effect ig that the iscbars ars
brought nearer the edge which is concave when viewed from Just outside the
wing. On a wing of constant thickness/chord ratio this leads to changes
in the local positions of boundary-layer transition and the shock-wave
(if any) and in the value of the critical Mach muwber. Knowledge of the
kink effeet i1s required in understanding its influence on the characteristics
of an aireraft with a kinked or swept planform. In particular, there is the
cage of the centre~section of a swept-back wing, where the iscbars are
unswept. Knowledge of the "centre effect" associabed with this is required
in designing Junction shapes to decrease the drag of wing~body combinations,
particularly at trensonic speeds.152s3,

Thecretical estimates of the pressurc distributions at such contral
sections (replacing the wing by a system of kinked source-lines) and on
infinite sheared wings may be derived for inviscid, incompressible fLow.
These may be extended to compresaible flow according to lineer theory
(Promdtl-Glauert rule) and with higher order spproximations involving the
use of the incompressible pressure coefficients in the compressibility
tactor (Weber rule5) » In any perticular case the difference between the
digtributions at the centre~section and on the sgheared wing shows the
magnitude of the "ecentre effect", although this difference is not given
directly by the method of calculation.

Meagurements at low speeds have been made on both sheared wings and
at the centre-sections of sweptback wings, and agreement with incompressible
theory has been good (See for cxample the comperison for wings of thicknesy’
chord ratic 12% in Ref. 5).

Measurements have also been made at higher speeds of the pressure
distributions at several spanwise stations on a sweptback wing, including
some et the Junction of the wing with a flat-sided body2. Certain of
these messurements gave a good apmroximation for the infinite sheared wing,
and, regarding the flat-side of the body as a reflection plane, the measure~
nments at this junchbion were considered to give & good indication of the
flow at the equivalent centre-section. However, theoretical estimotes did
not agree very well with these measurements at high subsonic Mach numbers,
and some designs for wing~body junction shape did not produce the desired
caloulated effects when tested, partly because of this discrepancy.

The need for accurate meagurements at high subsonic speeds on an
actual centre-section led to the present tests, which have been made on a
model used for research on wing-body junction shapesds In the present
report, refercnce to the earlier results? is included to ensble a compari-
son to be made between the flow at the centre—section and on the infinite
gheared wing, and also to show the accuracy, 1n both cases, of theoretiecal
estimates according to the Weber rule.

Hercafter, the terms "centre-section" and "cemtre effect" refer
specifically to those of a sweptback wing, and "sheared wing" is used to
mean strictly {the infinite sheared wing either in the theorebticsl case or
in the experimental approximation (see section 3.3).
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2 The Model and Tesgts

241 Details of the Model

The wing used was primarily required, in combination with several
different bodies, for tests concerned with the design of junction shapes.
It was basically a 40° sweptback wing of symmetrical RAE 101 stresmwise
section with a thiclness/chord ratio of 127, the maximum thickness being
at 31% chord. These values of sweepback smd thickness were chosen so that
the critical Mach nunber was well below the choking Mach number of the
tunnel, allowing tests to be extended into the supercritical range of
Mach mumber. It was not possible to use either a conventional sting-mounted
model or half-model for the centre-section pressure measurements because
of the interference of the sting or the tummel floor in the respective cases.
Therefore a complete model of the sweptback wing was designed 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 leading dimensions
are given in Table I.

A floor fairing wus designed to cancel any reflection effects from
the floor which might have interfered with the flow at the ocentre-section.
Messurements®, with and without the floor fairing present, showed that it
had no noticesdble effect on this flow; the centre~section was presumably at
a sufficient height above the floor for there to be no interference. The
measurements reported here were all made with the floor fairing in position.

Inspection of the model when the tests had been completed, showed
that along the centre-section the thickmess of the wing variled between
0s005 ine and 0.012 in. oversize (on a chord of 13 in.). Near the trailing
edge, however, the presence of the measuring tube increased this to 0.016 in.
oversize.

242 The Tests

The tests were made in the RAE 10 £t x 7 £t Hagh Epee& Wind Tunnel
during February 1954. The Reynolds number was 1.3 X 10° based on centre-
section chord and the Mach mumber range was 0.50 to C.%4. The incidence
range covered was —~1°9, 09, +1° but the tests were primarily concerned with
meagurements at sero incidence.

Fhotographs were taken of transition position using the acenaphthene-
sublimation technique. Transition was also fixed on one surface of the
wing at 10% chord (using a thread of 0.010 in. dismeter), snd in this
condition ¢f the model, the position of the shock-wave was photographed.

Forces measurements, which were made on the wing, both with and
without bodies, are reported in Ref. 3.

3 Results

3.1 Preparation

The blockage effgct on the free stream Mach number, Mgy, was deraived
by the method of Evans® using the forcel measurements of Ref. 3.

The pressure measurements were recorded as differences between those
at the measuring holes on the model and either the working section static
pressure or the total head in the settling chamber. These were converted
to values of local p/H by the usual procedure for reduction of results.
Pressure coefficients, Cp, were computed from these veluese Mean values
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(iees of upper and lower surf‘aces) of p/H and Cp were taken, and the local
Mach muber M was obtained directly from the mean values of p/H using
compressible flow tables®*. To obtain the values for the upper and lower
surfaces at +1°, the means were taken between the regquired surface at +1°
and the opposite surface at ~1°,

The coefficients of the tangential pressure-force, Cp, Wers obtained
by numerical integration of the pressure distribution, as described in
Ref., 2. In the present tests at zero incldence, these coefficients are
the same a8 normal-pressure drag coefficients; the term Cp is used for
consistency with Ref. 2.

3¢2  Accuracy

The blockage effect on M, varied from 0.001 at M, = 0,50 to 0.025 at
Mgy = 0.5, and the corrccted velue of My iz expected to be accurate over
the whole range of the tests to within 30.003.

The measurements over the centre section may be in error due to the
variations in M, and of the blockage correction over the model position
and to errors in reading the manometers. The maximm errors may reach
the following ordersi-

MO = 0050 Mo = 00914.

W +0.003 #0.004
G, #0.008 +0, 008
p/H | #0.002 +0,003

' 8mall inaccuracies in the incidence at both a = C° and ¥1° are
overceme by taking the mean values of readings at two surfaces as explained
in section 3.1 above. The Op integrations should be accurabe to #0.,0002
(see Ref. 2). The effects of the tip and the floor sre considered to be
negligibls st the centre-section and thic asswiption is Jusbilied by the spen-
wise variation of the positions of tremsitior. and shock-wave shown in Fig. 10 and 11,

3¢3 Results from Farlier Tests

Reference 1s made to two groups of measurements from tests on sting-
mounted models described in Refs. 1 and 2. In these tests the wing is
fundamentally the same as that of the present tests except for a small
difference in the span. Model 2 is a corbination of the wing with a flat-
sided body. Model 5 is a conbination with a body having a modified Juncticn
shape and is shown in Pig. 1. The difference in the span, {compare Figs. 1
and 2) » is such that the wing outboard of the flat-sided body of Model 2
is exactly the same as the upper part of the present model. Thus the
measurements in the wing-body junction of Model 2 correspond directly 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 measurements arise from the holes
being in the body rather than the actual junction (about 0.1 in. away,
except near the leading edge)s There sre alsqg boundary-layer interaction
effects probzbly leading to premature separations or the generation of
vorticily. The position of tramsition is well forward in the junction
whereas it is towards the rear of the actual centre~-section.

* 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 give the same
flow in the junction as on the infinite sheared wing, at My = 0.87.
Although this is not attained in the Junction, the flow at "section "
(see Fig. 1) is seen from measured ischar patterns to give a good aporoxi-
mation for the sheared~wing flow, and better than cbtained on any of the
other models tested at the same time. Thus "model 5 section £" has been
chosen in this report to represent the flow on the infinite sheared wing.
At some Mach mubers, the sweepback of some iscbars is slightly (2° or 39)
less than 40°.

el Presentation of Results

The mean values of p/H, ¥ (local Mach number) and Cp are tabulated
for 0°, and +1° (upper and lower surfaces) in Tebles III, IV, V. The
values at +1° 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 zero incidence.

Fig. 3 shows the varistion with frec~stream Mach nuiber of local Mach
number, M, over the chord of the sheared wing (i.e. "Model 5 section "},
and Fige 4 shows that over the centre-section chord. The "three~dimensional”
representation of these varistions ensbles certain results to be seen
clearly. The local Mach number is plotted in preference to the pressure
coefficient as it shows more clearly the growth of the supersonic region
and associated differences between the centre section and sheared winge In
order to spreazd out the,curves at high free-stream Mach numbers, a loga-
rithmic scale of (1-M£)Z is used. Also, to illustrate the important trends,
the locus of the positicns of maximm local Mach number Mpayxy and the con-
tour of ¥ = 1,00 are shown as thick lines. Contours are drawn for several
other local Mach nunbers and thin lines give a guide to the chordwise
position over the figures. It should be noted that the individual distri-
butions are frequently at different values of My for the two sections tested.

Pigures of experimental (interpolated where required) and theoretical
pressure distributions are shown for M, = 0.50, 0.82, 0.86 and 0.90 (Fig. 5
a, b, o, d). These four Mach numbers are considered sufficient to compare
the effects of compressibility on the flow at the two sections, and the
mapner in which the theory failse The centre effect is shown in Fige 6 at
three Mach munbers for both the theoretical and experimental cases. It is
obtained directly from the values used in plotting Fige 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, maximm local
Mach nunber, and tangential pressure~force coefficlent are of interest at
the higher Mach numbers and are plotted against the free~stream Mach nunber
in Pigs. 7, 8 and 9+ The earlier measurements of Cp at different spenwise
positions were found :1.1n Refs 2 to fit siraight line approximations when
plotted against (1~M%)z. Similer approximations do not fit very closely
with results for the centre sechbion, which are therefore shown plotted
against My only.

Photographs of the positioms of transition and shock-wave ere shown
in Pigs. 10 and 11,

4 Discussion of Results

he1l Variation of Local Mach Number

On the infinite sheared wing the i1sobars sre swept at L0°, and since
the gtreamline, in plan view, is curved, the measured local Mach number at
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any point ig the maximum at that point rather than the streamwise component.
On the other hand, the symmetry of the centre-section means that the isobars
there are unswept and the velocities at the centre section are everywhere
in & streamwise direotion. Thus the messured Mach nunber at any point on
the centre section is the maximum at the point and is also normal to the
isobars.

The ecritical Mach mumiber , Merit, is hore defined as that at which
the component of the locel Mach nurber normal to the lacbars first reaches
unity.

Lelel The Sheared Wing (Ref. 2)

The position on the chord of the maximum local Mach mumber, Mpax, is
seen from Fig. 3 to move only slightly rearwards along the chord with
increasing free-stresm Mach muwber. A local Mach mmber of unity is first
reached at about My = 0.,80. The supersonic region, enclosed by the heavy
conbour of M = 1400 gradually expands with increasing Mach nmumber, extend-
ing principally over the forward half of the chord.

The criticsl Mach nurber as defined obove (section 4e1) occurs ah
gbout My = Mgpit = 0.88. This has been cbtained using a calculated devia-
tion of the stresmline fram the free-stream dirsction of about 7° in the
region of 30% chord. Estimstion according to the Weber rule also gives

Morit = 0438,

The shock-wave is not as clearly defined on the Mach nunber distribu-
tions as on the distributions of pressure coefficient. However, there are
kinks in the contours of comstant local Mach number which are probably
associated with the formation of the shock-wave. In particular the contour
for M = 1410 has o distinct kink vhere it crosses the distribution for
Mo = 0.8%4; this suggests that the shock-wave forms at about this free-
stream Mach number, although it is not strong enough to show on the distri-
bution of local Mach number. The maximm local Mach number is then 124
and its component normal to the isobars is approximately 1.05.

Late2 The Centre—Section

Comparison of Figs. 3 and L4 shows primarily the general characteristio
of the centre-section, viz. that the isobars, maximum local Mach numbers
(pesk suctions) and associated effects oceur further aft than on the section
of the sheared wing. The supersonic region enclosed by the line M = 1,00
lies at the rear of the sechion instead of being mostly in the forward half.
From Fige 40 it is seen that transition at the centre section ocowrs at
about 0.85¢ at My = 0.5 and at almost 140c at M, = 0.91, whereas the corres-
ponding positions for the sheared wing! sre C.ibc amd C.57ce Also from
Fige 10 on idea way be obtained of the spanwise extent of the centre effect.

At the centre-section the critical Yach nuber, as defined above
(section Le1), ocours ab My = Mepit = 0.81. This is the swme value as a
theoretical estimate according to the Weber rule.

The rearwurd movement of the position of the meocimum local Mach nurber
with increasing free-stream Mach mmber iz much more marked than on the
sheared wing, although at My = 05 the position at the centre~section is
enly gbout 0,1 chord aft of that on the sheared wings In particulayr it
moves back rapidly in the range My = 0.8l to 0.88, probably as a result of
the develomment of a shockwaves. Although the shock-wave is not strong
encugh to be distinguished on any partioular distrivution of local Mach
nuber (or of Op) in this region, the first sign of it is assumed to be
the increased movement in the position of Mp.y 8t sboub My = 0.84. At
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this Mach mumber the walue of Mpsx is 1.05, which is the same value as the
component of Mpsyxy normal Lo the iscbars on the sheared wing when the shock-
wave first appears there (section het® s Thus the shock-wave appears to
form at about 70% chord (where M = 1) at My = 0.8l and it moves rapidly back
to the trailing edge by M, = 0.89 (see also section 4s3). The ghotographs
showing the shock-wave position (the dark lines on Fig, 11) confirm that

it is at the trailing edge of the centre-section at M, = 0.91. There is a
suggestion of a bifurcated shock=wave pattern ocourring over the mid=spen
portion of the wing but there is no sign of the weak forward limb on any
of the cenire-section measurements and it is presumed to have died out at
this section.

L+2 DPressure Distributions

4+2+1 The Sheared Wing (Ref. 2)

The theoretical estimates (caloulated on the principles of Refs. L
and 5) are seen (Fig. 5) to agree well with the experimental curves ot Mach
nurbers up to ¥y = 0.86. The very good agreement over the first 30% chord
at M = 0,82 and 0.86 is rother fortuitous. The agreement in this regiom
at M, = 0.5 is not as good and the consistert discreponcy here cemnot be
completely explained by the possible error in Cp of 10,008,

The thecretical distributions heve been calculated for ¢ = 40°. The
cssible effect of the actual iscbar sweep differing slightly from 40P
?see end of section 3.3) 1s indicated by theoretical caloulations for differ-
ent values of ¢. For example, at My = 0.86 and ¥*/c = 0.309 (near the posi-~
tion of pesk suction) the theoretical pressure coefficient for ¢ = 359 is
-04581, whereas for ¢ = 40° it iz ~0.487 as in Figs 5(c). Thus the theoreti-
cal distributions, and presumsbly the experimental ones too, are semsitive
to deviations from the nominal angle of sweeps The fact thal some of the
isobars are slightly less swept than 40° on "Model 5 section " means that
on the truly infinite gheared wing the suctions might be rather less than
the measured ones in Fige 5. In general the agreement bebween theory and
experiment is very satisfactory at suberitical Mach numbers. It should be
noted that the steep pressure rises on the experimental curves of Mg = 0.82
and 0.86 (in particular) do not represent shock-waves since Mgrit = 0.88.%

La2.2 The Centre-~Section

The distributions in Figs 5 include those measured in the junction
of the wing with a flat~zided body (see section %43). Although these
measurements agree in = 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 actual centre-section.

The theoretical distribution has been shown to agree well with experi-
ment in the incompressible flow case” and the agreement is still good at
M, = 0-50 (Fige 5). At Mg = 0.82, however, a serious discrepancy with the
actual distribution is seen So have arisen. The magnitude of the peah
suction €, is reasonsbly correct, (thus the estimated value of Mgrit agrees
with experiment) but its caleculated rearward movement due to the centre
effect is considersbly less than actually cccurs.

The Weber rule does not strictly apply at supercritical Mach numbers,
but there are no sudden chenges at the critical Mach mmber (Mg = 0.81) in
the theoretical distributions 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
and when it is not. Provided flow separation does not occur, the distribution
behind the shock-wave ls nearly the same as that without the shock-wave.
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merely accentuate the discrepancies at high subcritical speeds. The com-
pressibility factor becomes indeterminate over part of the chord by

Mo = 090 and no theoretical distribution for the centre-section is shown
on Fig. 5(a).

Le2s3 The Centre Effect

The centre effect itself is derived ag the difference between the
pressure distributicns at the centre snd on the cheared winge. The com-
parison between the centre effects derived from theory and experiment is
shown in Fig. 6. This indicates the type of error to be allowed for if
similar celoulations are made in such cases as wing~body Jjunction design,
vhen the important consideration is the centre effect itself. At the
lower speeds the theoreticel estimate is satisfactory, but the approxi-
mations in deriving the compressibility effects cause poorer estimates at
higher speeds. The correction to the theory ss it now stands requires,
in general, an increase in pressure over the forward half of the chord,
and a decrease over the rear, i.es the centre effect is at present
underestimated.

4he3 Trailing~Edge Pressure

The variation of the trailing-edge pressure cocfficient with free-
stream Mach nurber M, is shown in Fig. 7.

It hag been found that the wvariation of this coefficient gives a
good indicetion of flow separation, by showing en increase in trailing
edge suction (e.ge Ref. 7, Fig. 275. Such an increase also occurs 1if the
shock~wave on the wing moves back to, or hehind, the trailing edge before
separation coccurs. The pressure distributions show thal no separatlions
were present in these tests; in the case of the sheared wing, insufficiently
high Mach numbers were reached and at the centre~section the shock-wave
moved quickly back to, or behind the trailing edge. Thus the chenges in
trailing edge pressure shown in Fige 7 illustrate omly the development and
movement of the shock-waves on the two sections.

At both the centre-section and on the shearcd wing there is seen to
be a glight increase in pressure above the free-stream Mach mumbers at
which the shock-wave is assumed to begin developing (i.es Mg = 0.8l and
0.89) respectively, ses section L«2,). 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 My = 0.89. This gives the clearest indi-
cation of the Mach number at which the shock~wave reaches the trailing
edge. The increesed suction above My = 0.89 shows that the shock-wave is
downstream of the measuring hole, so that it would appear that the shock-
wave is slightly detached upstresam from the trailing edge through
boundary~layer interaction.

el  Meximum Local Mach Number

The chordwise movement of maximum local Mach number, Mmay, can be
seen in Figs. 3 and I. and has been discussed in sectlons Le1.1 and LeZ.1e
The variation of the magnitude of Mpax with free-stream Mach nunber, M.,
is shown in Fig. 8.

At the centre-section the rate of increase of Mpax with Mgy falls
off at the highest Mach nunbera tested and tends to zero at aboub
Mmax = 1e15« As is seen from Figs. k the chordwise Mach nuwber distribu~
tions becoms quite flat so that a value close to the maximm is maintained
over an appreciable chordwise distance.
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On the sheared wing the increase of Mpsx continues as far as the tesis
were made, i.e. up to Mg = 0.91 but other tests (Ref. 7} have shown that
this rate of increase dies away and, at higher subsonic Mach numbers, Mypay
levels off in the region 1.3 to 1.5. It is consistent with the effects of
sweepback that this effect on Mpgx occurs at higher free~stream Mach nunbers
on the sheared wing and that the peak velue itself is higher than at the
centre-section.

It is clear that no sudden changes in the magnitude of Mpyx occur
during formetion of the shock=wave at either of the sections tested, not
even in the region of rapid movement of the shock-wave at the centre-section
between ¥ = 0.84 and 0.89.

Leb Tangential Pressure~Force Coefficient

The variations of the tengential pressure~force coefficient, Cp, with
free~stream Mach number M, for both the centre-section and sheared wing are
shown in Fige S

In general the high values of Cp at the centre-section are due to the
positions of the iscbars and peak suction beiag further aft than on the
sheared wing. The rapid increase of Cp with M, is partly due to the con~
tinual rearward movement of the peak suction and partly duc to the general
increase of suction. When the shock-wave develops it is unswept and there-
fore stronger at the centre-section and the associated drag is higher.

At the centre-section the values of Cp falls off at the highest Mach
nunbers (Mo > 0.91)}). This is principally due to the fall off in the rate
of increase of Mpax (see section lal) and the fact that the shock-wave so
quickly establighes 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 distributioms at the
centro of a sweptback wing at zero incidence for Mach munbers between Oe5
and 0.94. Thesc were required to exbtend earlier work at low speeds and
for comparison with theoretical estimates.

The principal difference between the pressure distribution at the
centre~section of a sweptback wing and that on an infinitc sheared wing
(of the same sweep) is that the pressures are increased over the front part
of the centre-~section and reduced over the rear part. This difference, which
is clearly seen in the measurements, occurs at all subsonic Mach numbers,
becoming more pronounced as the free~stream Mach nmumber M, is raised. As a
result, transition, the peak suction, the shock-wave and the supersonic
region all oceur nearer the trailing edge of the centre-section than on the
infinite sheared wing.

Tt follows that 2 loss of sweep of the isobars occurs in the
neighbourhood of the centre-scetion. This reduces the critical Mach mmber
(vhen the component of local Mach number normal to the iscbars reaches
wnity) from M, = 0.88 for the sheared wing (taken from Ref. 2) to My = 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 mumiber
normal to the iscbars is about 1.05, 1.ee My = 0.894 for the sheared wing
and 0.8l at the centre-section. At higher Mach numbers, vhereas on the
sheared wing the shock-wave moves only slowly rearwards over the chord and
the supersonic region is largely ahead of 50% chord, on the centre-section
the shock-wave moves rapidly to the trailing edge, where its arrival at
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Mgy = 0.89 is shown up very clearly by a sudden increase in trailing edge
suction. The supersonic region is then largely over the rear helf of the
chord.

At the centre-section the increase of M,y with My gradually falls
of above gbout My = 090 so that Mp. tends to a value of dbout 1.15.
This is expected to occur on the sheared wing at higher values of M, and
to tend to a higher value of Moy, nearer 1.5,

The values of tangential pressure~force coefficient, Cr, are muen
higher at the centre~gection than on the sheared wing, and beecause of the
continuous rearward movement of the supersonic region, they increase
rapidly with increasing My. However when the increase of Myay falls off
and the shock-wave is well established at the trailing edge the value of
Cp actually decreases slightly, i.c. above M, = 0.90.

The thecretical pressure distributions on the sheared wing and at
the centre-section agree well with the measured values at low speeds and
the allowance for compressibility according to the Weber rule gives good
agreement with the sheared wing measurements up to about M, = 0.86 (Just
below the critical). At the centre~section however , the agreement is
not so good at high speeds, principally because the cstimated rearward
movement of the position of peak suction is too =mall. In general at the
centre-section the theory gives too low a pressure over the forward half
of the chord and too low a suction over the rear half, i.e. insufficient
gllowance is made for the "centre effect". The theoretical values of
critical Mach nunbers on both the sheared wing and centre-section agree
well with experiment.

Previcus measurements in the junction of the wing with a flat-sided
tody give only a falr indication of the pressure distribubtion at the
actual centre-section, the errcr involved being of the order of O.1 in GP'

LIST OF SYMBOLS

x distance downstream from leading cdge of section
o wing chord (except near tips)

e nominal incidence

M local Mach number

Mooy maximm local Mach number

free~stream Mach number

P local static pressure

1 free~stream total head

c preasure coefficient

Crp tangential pressure-force coefficient, made non~dimensional by free
stream dynamic pressure and wing chord.
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TABTE I

Leading Dimensions of Wing

Sweepback 1,0°
Chord (except near tips) 13 in.
Mean chord 12.66 in.
Span L3el in.
Area %482 8q Tt
Aspect Ratio 3el3
Sectiont Symmetrical RAE 401 (max. thickness at 0.31C)
Thickness~chord ratio G.,12
TABLE TT

Positiong of Pressure Points (at symmetrical positions
on_upper and lower surfaces)

I g/ Inches aft
c of Leading Edge

¢ 0
0.0025 0.033
0,01 04130
0.03 0.350
0,C5 0.650
0.08 1,040
0413 1690
0.20 2.600
0,30 3.900
.40 5.200
050 6,500
0,€0 7800
0,70 9,100
0.80 10, 1,00
0.90 11,700
1400 13.000

..1]_,_.—






TABLE IT1

Values of P/H

My~ (50 MO = 0475 Mo o 0,82
; i 410 * . +40 o +10
* .0 Upper Lover i 0 Upper | Lower ° Upper Lover «
Surface | Surface Surfacel Surfane Surface | Surface
100 %};351 0.501 0,500 0.500 07501 0.752 | 0.752 0.820 0.819 0.819 /f?fgbo %/
00 1,000 1.000 14000 0.999 | ©.999 { 0.999 14000 0.999 0.999 00
0.25 006k | 0.956 0.971 0.9354.1 0.921 | 0.944 0.927 0.915 0.938 0u25

o1 0.920 0.91C 0.929 0.8551 0.8,0 ] 0.8632 £.838 0.826 0.5855 04
03 0.875 0.865 0.885 0.7721 0.756 | 0.786 0.748 0.733 0.763 03
05 0.856 0.847 0.866 0.7361 0.720 0.750 0.708 0.69% 0.723 05
08 0.850 0.832 0.850 0.702] 0C.686 | 0.716 0.669 0.65 | 0.684 08
13 0.828 0.820 0.837 .67 0.659 | 0.688 0.637 0.623 0.652 13
20 0.814 0.807 0.822 0.6L31 0.627 | 0.655 0.600 0.586 0.614, 20
30 0.800 0.793 0.808 0.606] 0.589 | 0.618 0.553 0.538 0.572 30
L0 0.797 0.792 0.804 0.590| 0.573 | 0.603 0.525 0.509 0.543 10
50 0.802 0.797 0.808 0.595{ 0.578 | 0.606 0.522 0.503 0.540 50
60 0.808 0.805 0.814 0.607| 0,592 | 0.616 0.532 0.513 0.5L9 60
70 0.817 0.814. 0.821 0.624 | 0.617 | 0.627 0.551 0.534. | 0.567 70
80 0.827 0.824 0.829 C.6L61 0.642 1 0.647 0.530 0.570 0.586 80
30 0.83%7 0.836 0.838 G.671| 0.668 | Q.670 0.618 0.619 0.621 90
100 0.857 0.857 0.857 C.716| 0Q.714 ] 0.714 0.673 0.675 0.675 100
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TABLE IIT (Cont.)

Values of ¥i

My & 0.8) M, = 0.86 Mo® 0.88
+10 +1]0 o +_'T o
@ 0° Urper Lower 0? Upper | Lower 0 Upper Lower “
Surtace | Surface Surface| Surface surface | Surface
100 ¥/, 0.8L0 0.840 0.840 0.861 | 0,861 { 0.861 0.881 0.880 0.880 ‘/%é/;g; %/,
0G 0.999 0.999 0.999 0.999 | 0,999 | 0.999 1.000 0.999 0.999 0o
0425 0.925 0.913 0.936 0e924 | 0,912 | 0.935 0.923 0.912 Q.53 0.25
o 0.836 0.822 0.852 C.833 | 0.820 { 0.849 0a531 0.816 0.84 01
03 0. 741 0.727 0.757 0,736 | 0,723 | 0.753 0.732 0. 717 0.746 03
05 0.700 0.686 0.716 0,691, | 0.681 | 0.710 0.688 0.674 | 0.703 a5
08 0.660 0.646 0.676 0.652 | 0.639 | 0.669 0.646 0.634 0.660 08
13 0.627 0.613 0.642 0.617 | 0.605 | 0.633 0.610 0.596 0.621 13
20 0.588 0.575 0.601, 0.578 | 0.566 | 0594 0.570 0.557 0.584 20
30 0.540 0.526 0.555 0.527 | 0.515 | Q.58 0.519 0.506 0.533 30
L0 0.508 0.592 0.526 0,92 | 0479 | 0.509 0.482 0.469 0.497 jXo)
50 0.299 0. 481 0.519 0.479 | 0.465 | 0.498 0. 467 0.453 0.483 50
60 0.507 0.481 0.527 0.475 | 0,460 | 0.502 0. 461 Qw136 0.477 e
70 0.521, | 0.500 0.54] 0.587 | O.463 | 0.519 0.462 Outh7 | 0.186 70
80 0.552 0.532 0.567 0.512 | 0.482 | 0.551 0.476 C.454 | 0.507 80
90 0.601 0.607 0.603 0.560 | 0,515 | 0.579 0.503 0.2480 0.538 90
10G 0.662 0,663 0.663 0.652 { 0.656 | 0.656 0.647 0.60% 0.601 100
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TABLE III (Cont.)
Volues of P/H

¥, =~ 0.89 K, = 0s90 M, = 0.91
+10 +1° +10
@ 0° Upper Lower 0% | Upper | Lower 0° Upper Lover &
Surtace | Surface Surface] Surface Surface | Burface
100 /300 | 0.891 | 0.891 | 0.891 0.902 | 0.902 | 0.902 0.912 | 0.913 | 0.913 _;%? 700 %/o

00 1.000 | 0,999 0.999 0,999 | 0.999 { 0.999 1000 0.999 0.999 00

0.25 0.923 0.911 0.931 0.922 | 0.942 | 0.933 0.921 0.914 0.9%2 0425
01 0,830 0,812 0.841 0.829 | 0.817 | 0.8, 0.828 0.814 | 0.831 01
03 0.73C 0.742 Q. 744 0.728 | 0717 | 0.745 C.727 0.713 0,740 03
05 0.686 0. 669 0.697 0.68L | 0.G75 | 0,700 0,682 0,668 0.695 05
08 0.63 0.626 0.65), 0.641 | 0.629 | 0.657 0.638 0,625 0.652 08
13 0.607 0.590 0.618 0.604 | 0.594] 0.620 0.602 0.589 0.615 13
20 0.567 0.551 0.577 0.56L | 0.553| Q.579 0.561 0.548 0.573 20
30 0.515 0.500 0.526 0.511 | 0.502 | 0.526 0.508 0.197 C.523 30
40 0.478 0.462 0.488 0473 | 0.463] 0.488 Q. 470 0.158 0.482 40
50 0.462 | O.345 0.473 0.256 | C.1L6 1| 0.473 0.452 0. L)1 0.L65 50
60 0.155 0.43), 0. 467 O.u19 | 0.438 | 0.465 0.l 0.432 0.457 60
70 0. 455 0.438 0.469 0428 | 0.1381 0.465 Q.43 0,431 0.456 70
80 0.463 O.h45 0.480 0.452 | Ouhhd | 0.469 0.L15 04433 04,59 &0
90 0.486 0.467 0.502 0.468 | 0.159 | 0.48., 0.453 0.5 0.LE5 90
100 0.571 0.562 0.552 0492 | 0.485 ] 0.485 0.476 0.7 0. 471 100
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TADLE IIT {(Cont.)

Values of P/y

Mg = 0.925 M, = 0.9
+10 +19
® 0° Upper Lower 0° Upper Lover *
Surface | Surface Surface| Surface
M, M,
100 X/a~ | ©0.926 | 0.925 0.925 0.940 | C.940 | C.940 A X/
00 14000 0.999 0.999 1.000 { 0,999 | 0.599 00
0.25 0,923 0.910 0.9319 0.921 | 0.910 | 0.931 0.25

04 0,826 0.813 0.839 0.826 | 0.812 | 0.839 o1
03 0.724 | 0,711 0.739 0.724 | 0.710 ] 0.737 03
05 0.680 0,656 0.634. 0.679 | 0.665 | 0.692 05
08 0.636 0.623 0.650 0.634 | C.624 | 0.648 08
13 0.599 0.587 0.6%2 0.597 | 0.584 | 0.5610 13
20 0.557 0.546 0.570 0.555 | 0.543 | 0.568 20
30 0.505 0.494 0.517 0.502 | O.491 | 0.515 30
L0 0.466 0.455 0.478 0,463 | 0.452 1 0.475 10
50 0.42,8 0.137 0.462 0.445 | 0.133 | 0.458 50
60 0. 440 0.428 0.4%3 0.436 | 0.424 | 0.449 60
70 0.438 0.427 Q.52 Oul3h ) Cuy22 | 0.7 70
80 0.439 0.428 0.454 Q.435 | Q.25 1 0.448 80
50 Ol 0.435 0156 0.438 | 0.128 § 0.3450 9¢
100 0,467 0463 0. 1463 De61 | 0156 | 04456 100
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TABLE IV

Values of ¥

M, ~ 0.50 Mo = CaT5 M, = 0.82
+10 +10 +1°
@ 0° Upper Lower 0° Upper | Lower 0° Upper | Lower a
Surface | Surface Surface|B3urface Surface Surface
100 X/ 0.501 0.500 0.500 0.750 | 0.752| 0.752 0.820 0.819 0.819 "o 100 e

00 0 0.022 0.022 0.053 | 0.043] 0.043 0.027 0.032 0.042 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 G278 1 0.506| 0.453 0.509 0.529 0.478 04
03 0.2 04 460 0.429 0.620| 0.6461 0.597 G.658 0.681 0.63, 03
05 Q.75 0493 0.457 0.6771 C.702) 0.65L 0.720 G743 3.697 05
08 0.504 | 0.520 0.487 0.729 ] 0.7541 0.707 0.780 0.803 0.757 08
13 0.526 0.539 0.511 0.772 1 0.796| 0.751 0.829 0.854 0.807 13
20 0.550 0.563 0.536 0.820| 0.846} 0.801 0.887 0.908 0.861, 20
30 0.574 | 0©.585 0.561 0.878 | 0.904| 0.858 0.960 0.98) | 0.930 30
10 0.578 0.588 0.567 0.902| 0.929| 0.882 1,005 1.032 0.576 540
50 0.571 0.579 0.561 0.89:] 0.9520) ©.878 1011 1.011 0.580 50
60 0.560 0.566 0.551 0.876! 0.893| 0.864 0.99%4 1.025 0.967 60
70 0.545 0.550 0.539 0.8501 0.850] 0.845 0.964. 0.991 0,938 70
80 0.528 0.533 0.521 0.816| 0.822| 0.813 0,918 0.938. 0.508 80
90 0.510 0.512 0.509 0.7771 0.782} 0.778 0.858 0.857 0.854 90
100 0.475 0.475 0.475 0.708( 0.711| 0.711 0.775 0.774 0.771 100
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TARLE IV (Cont.)
Values of M

Mg = 0.8k My = 0.86 M, ~ 0.88
+1° +4© 1 +19
a Qo Upper Lower 0°® | Upper | Lower 0° Upper | Lower a
Surface | Surface Surface|Surface Surface | Surface
Mg Ho
100 /3 0.840 0.840 0.840 0.861 | 0.861 | 0.861 0.884 0.880 0.880 //’?6;;;6

00 0,041 0.0 0.0k 0.041 | 0,041 | 0,014 0.027 0.034 | 0.03) 00

0.25 0.335 0.362 0.308 0.339 | 0.365 | 0.312 0.339 0,366 0.315 U.25
01 0.512 0.536 0.484 0.518 | 0.541 | 0.490 0.522 0.547 0.498 01
03 0.669 0.591 0.643 0.676 | 0.697 { 0.650 0.683 0.706 0.660 03
05 0.732 04751 0.708 0.742 | 0.762 | 0.717 0.750 0.773 0.728 05
08 0.794 | 0.816 0.769 0.806 | 0.826 | 0.780 0.816 0.839 0.79% 08
13 0.845 0.866 0.822 0.859 | 0.879 | 0.835 0.870 0.892 0. 841 13
20 0.904 { 0.926 0.889 0.921 { 0.93,0 | 0.896 0.933 0.955 | 0.911 20
30 0.982 14004 0.957 1,001 | 1.021 | 0.975 1.015 1.036 0.993 30
L0 1,034 1.059 1,005 1.059 | 1.082 | 1.031 1,077 1,099 1,051 L0
50 1.049 1.079 1.014 1.083 | 1.106 § 1.054 1102 1126 1.076 50
60 1,031 1.079 1,002 1.088 | 14115 | 1.08% 1.113 14139 1.085 60
70 1.007 1.046 0.975% 1.068 ] 11091 1.015 1.%10 1.138 1.070 70
80 0.961 0.995 0.938 1.027 1 1.076 | 0.979 1.088 1121 1.035 80
30 0.88L | 0.875 0.881 0.949 | 1.022 1 0.919 1.041 1,080 0.985 Y
100 0.791 0.789 0.789 0.805 | 0.800 { 0.800 0.813 0.885 0.885 100




TABIE IV (Comt.)
Values of M

M, = 0489 M, = 0.90 M, ® 0.91
+1° +19 | +1°
x 9° Upper Lower 0° Upper | Lower 0° Upper | Lower a
Burface | Surface Surface [Surface Surface | Surface
o [y
100 */ Yo 0.891 0.851 0.891 0.902 | 0.902 | 0.902 0.912 0.913 0.913 ’ 200 %/
00 0.027 0.043 0.043 0.041 | 0.023 | 0.023 0 0.04) | 0.0 00
0.25 0.341 0.366 0.322 0.343 | 0.292 | 0.3%7 0.339 0.367 0.319 0.25
o] 0.524 | 0.553 0.50% 0.525 | 0.54% | 0.497 0.527 0.550 0.505 01
03 0.686 0.713 0.668 0.689 | 0.706 | 0.662 0.691 0.713 0,669 03
05 0.751, 0.780 0.736 0.757 | 0.774 | 0.732 0.760 0.782 0.740 05
08 0.820 0.846 0.802 0.8215 | 0.8L2 { 0.798 0.827 0.848 0.806 08
13 0.875 0.901 0.859 0.880 | 0.895 | 0.855 0.88) 0.904 | 0.86L 13
20 0.939 0.96L 0.922 0.94),. | 0.960 | 0.919 0.948 0.967 0.929 20
30 1.021 1.047 1.005 14028 | 1.043 | 1.003 14033 1,059 14,009 30
50 1.084. Ta111 1.067 1.092 { 1.109 | 1.067 1.098 16117 1,077 L0
50 1.112 PR PN 1.091 1121 | 1.138 | 1.092 1.128 1.148 1.105 50
60 1920 | 1.160 1.102 1134 | 14153 | 1.106 1142 1.164 1.119 60
70 1122 1.154 1,100 14136 | 14152 | 1.106 1o llily 1.166 1.121 70
80 1.109 114 1,079 1.129 | 1148 | 1.099 1ot 1.162 1.117 80
90 1.070 1.102 1.043 16101 | 14116 | 1.073 14126 1.142 1.106 50
100 0.932 0.962 0.962 1.061 | 1.072 | 1.072 1.086 14095 1.095 100




TABIE IV (Cont.)
Values of M

M, % 0.925 My & 0.94
+1°© +1¢
a 0° Upper Lover 0° [ Upper | Lower a
Surface | Surface Surface |Surface
¥y Mo
100 */a 0.926 0.925 0.925 0.950 } 0,940 | 0.940 100 /o
00 0.027 0.014 0,011 0.027 | 0.026 | 0.026 00
0.25 0.31 0.369 0,320 0.346 | 0.370 | 0.321 G.25

04 0.529 0.553 0.506 0.530 | 0.553 | 0,508 o]
03 0.695 | 0.715 0.672 0.696 | 0.717 | 0.675 03%
05 0.764 | 0.785 0.74L3 0.765 | 0.786 i 0,745 05
08 0.831 0,851 0.810 0.83L ! 0.855 | 0.813 08
13 0.838 0,907 0.868 0.891 | 0.911 | 0.874 13
20 0.953 0.971 0.933 0.956 | 0.976 | 0.937 20
30 1.039 1.067 1,018 1,042 | 1.062 | 1.022 30
1O 1.105 | 1.123 14083 14109 | 1.128 | 1.089 L0
50 14136 1.155 1.112 1ot | 1161 | 1.119 50
60 14150 1.172 10126 14157 | 1180 | 14134 60
70 14153 1173 1.128 1160 | 1182 | 1.136 70
80 14151 1171 14125 1.158 | 1.180 | 1.135 80
90 1e143 1.159 14121 1153 | 1171 | 1132 90
100 1,102 14110 1.110 1e113 | 10121 | 1121 100
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TABLE V

Values of OJQ
My~ 0.50 My » 0,75 M, =~ 0.82
+19 +10 o +1°
a 0P Upper Lower 0° | Upper { Lower 0 Upper | Lower a
Surface | Surface SurfaceiSurface Surface | Surface
100 X/ Yo 0,504 0.500 0.500 0.750| 0.752 | 0.752 0.820 0.819 0.819 o 100 /s

00 +1,065 | +1.061 +4 o061 +athd | #1145 [ #1145 +1.178 +1.175 +1.175 00
0.25 +0.818 | +0.763 +0.866 +0.90L | +0.859 [+0.94), +0,937 +0.898 +Q. 974, 0,25
01 +0.521 | +0.15% +0.582 +0.615 | +0.560 | +0.667 +0.6143 +0.60) | +0.,7C0 o4
03 +0.221 | +0.152 +0.286 +0,306] +0.251 | +0.363 +0.346 +0.296 +0.395 03
05 +0.096 | +0.030 +0,160 +0,174{ +0.119 | +0.232 +0.24 | +0.465 | +0.261 05
08 ~0.01Y | «0.076 +0,049 +0.050 ) ~0,006 | +0.4906 +0,085 +0.035 +0e132 08
13 ~0.097 | ~0.452 -0.040 ~0.052 | -0.105 | +0.002 -0,020 ~0,069 +0.026 13
20 ~0.190 | ~0.24% | -0.139 ~0e168 | =0.223 |-0.947 -0.143 | =0.191 | -0.097 20
30 -0.287 | ~0.336 -0.238 ~0.306 | ~0.362 |-0.25L -0.298 -0.349 ~0.238 30
40 ~0.306 | =0.346 -0.263 ~0.3641 ~0.422 | ~0.314 ~0.389 ~Colli7 ~0.33) 10
50 ~0.275 | =0:300 | ~0.234 04316 | «0.500 | ~0.300 -0.1401 ~0.465 | =0.342 50
60 ~0e231 | ~0.258 | ~0.198 =0,301 § =0.350 |-0,260 -0,367 -0.432 -0.314 &0
70 -0173 | =0.192 =0,150 ~0.240 | =0.258 | ~0.223 ~0.305 -C.36!, ~0.25), 70
80 ~0.106 | -0.125 ~0,091 ~0e158 | ~0.168 | =0.147 ~0.208 -0.216 ~04191 80
90 ~0,037 | ~0.043 -0.031 ~0,066 | -0.073 | =-0.100 -0,082 ~0.082 -0.076 90
100 +0.097 | +0,097 +0.,097 +0.100 | +0,099 | +0.099 +0.100 +0,102 +0,102 160
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TABIE V (Cont.)
Values of Cp

W_o» G.8 M, ~ 0-86 M, = 0.88
3] ¢ +10 10
a 0° Upper Lower 0° Upper | Lower 0° Upper | Lower @
Surface | Surface Surfacel Surface Surface | Surface
100 §>g\fi\ 0.840 | 0.840 0.840 0.861 | 0.861 | 0.861 0.881 0.880 0.880 Mb,;ao X/

00 +1.185 | +1.185 +1.185 +1+196 | 14196 | +1,196 +1 0208 +1.207 +1 4207 00

0.25 +0.948 | +C.910 +0,.971 +0.960 | +0.925 | +0.996 +0.976 +0.950 +% 0007 0e25
01 +0.66) | +0.618 +0.712 +0.677 | +0.636 | +0.726 +0,693 +0.64,7 +0.733 01
03 +0.357 | +0.312 +045,09 +04375 | #0333 | +0.427 +04391 +Q0.315 +0.435 03
05 +0.226 | +0,179 +0.276 +0a251 | +0.201 | +0.293 +0,258 +0,213 +0.303% 05
08 +0.096 | +0.051 +0e147 +0.112 | +0.070 | +0.161, +0,129 +0.082 +0.172 08
13 ~0.011 | -0.055 +0.079 +0,003 | ~0,036 | +0.053 +0.021 =-0.021, | +0.062 13
20 ~0.13) | ~0.177 ~0.085 ~0,120 | =0.159 | ~0.071 =0.101 041143 ~0.060 20
30 =0.291 | -0.334 | «0.211 =0.278 | ~0.316 | ~0.228 ~0,257 -0.297 ~0.216 30
40 -0.393 | ~0.442 -0.336 -0,388 | -04429 | -04335 -0.371 -04212 ~04326 40
50 =023 | =0.480 -0.356 =0.431 | =0u47L | ~0.372 =015 -0.460 -0.370 50
60 ~0,395 | =0.480 | =04331 ~0.422 | =0.490 | =0.359 ~0e436 | =0.182 | -0.386 60
70 -0e341 | =0.418 =0.279 ~0. 204 | «0.478 | =0.305 =04 130 ~0.480 ~-0.360 70
80 0,249 [ -0.316 ~0,202 =0.327 | =0.419 | ~0.236 ~C.388 ~0.456 -0.296 80
30 ~0.092 {0,073 | =0,086 =-0.177 { =0.318 [ =0, 117 -0.306 | -0.378 | =0,202 90
100 +0.903 | +0.7106 +0 106 +0e113 | +0a12) | +04121 +04134 ~0,009 ~0.009 100
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TABIE V (Cont.)

Values of &
M, = 0.89 M = 0.90 M, = 0.91
+10 +10 +19
@ 0° Upper Lover 0° Upper | Lower 0° Upper | Lower @
Surface | Surface Surface] Surface Surface {Surface
100 3 M 0.891 0.891 0.891 0.902 | 0,902 0.902 0.912 0.913 0.913 be %o o
00 +14213 | +1.211 +14211 +14217 | +1.218 | +1.218 +14226 +1.223 +1.223 00
0.25 +0,981 | +0.948 +1.013 +0,987 | 40,956 | +1.020 +44001 +0.965 +14027 0.25
™ +0,701 | +0.649 +0.734 +0.710 | +0.676 | +0.757 +0.718 +0.679 +0,757 01
03 +0.401 | +0.348 +0.435 +0e414 | +0,378 | +0.461 +0.1,22 +0.381 +0. 1463 03
05 +0.267 | +0.216 +0,302 +0.279 | +0.246 | +0.325 +0,290 +04254 +3,330 05
08 +Ca139 | +0.087 +Q.173 +0.150 | 40116 | +0.499 +0.161 +0.123% +0 4203 08
13 +0,034 | =0,020 +0,063 +0.043 | +0.011 | +0.089 +0.05, | +0.018 +0.093 13
20 ~0.091 | =04139 =0.060 =0.079 | =0.110 | =0.033 -0.068 ~0,102 ~0,029 20
30 ~0.246 | =0.317 -0.216 ~0e23) | =0.262 | «0,189 -0,222 ~0.25% -0.176 30
30 =0,360 | =007 ~0e328 ~0.347 | =0.377 | 04303 -0.335 ~0,366 ~0.257 10
50 -0,408 | ~0.458 ~0,372 ~0.398 | «C. 427 | ~0a349 ~0.387 -0.218 ~0.3L6 50
60 ~0s29 | ~0.%491 ~0.392 =0a420 | =0.252 | =0.372 Qa1 =OeM, -0a369 60
70 0,427 | -0.181 -0,387 =0.423 | 0459 | =0,372 =0kl | ~0ub)6 -0.372 70
80 =000k | =0.458 -04351 =0s312 | =Gol 3 | =0.359 ~0,L09 =030 ~0.365 80
50 =0.335 | =039 ~0.286 =0.363 | ~0,390 | =0.345 ~0.38). | =0,406 ~0.348 90
100 ~0.079 | =0.136 ~0.136 =04293 | 04312 ; 0,312 ~0.316 =0e329 -0.329] 100
t
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TABLE V (Cont.)

Values of CP
M,= 0.925 M, = 0.94
b +1° +1°
o 0° Upper Lower 0° Upper Lower a
Surface | Surface Surface Purface
1Oé\;>gégf\\ 0.926 | 0.925 0.925 0.940 | 0.940 | 0.940 _jf3<;;;:%/c
00 +12232 | +1.237 +1423% +10239 | #1239 | +1.239 00
0e25 +1.009 | +0.972 +1.033 +1.,014 | #0.983 1 +1.044 0e25

o1 +0.729 | +0.689 +0.766 +0.743 | +0.705 | +0,780 G1
03 +0.433 | +0.395 +0. 474 +0.451 | 40412 | +0.490Q 03
05 +0.304, | +0.264 +0a.303 +0,323 | +0,284 | +0.361 05
08 +0.177 | +0.138 +0.216 +0,196 | +0.157 | +0.234 08
13 +0.070 | +C.033 +C.107 +0.,089 | +0.05% | +0,127 13
20 -0.050 { -0.085 -0.015 ~0.030 | ~0.065 | +0.004 20
30 ~0,203 | «0,237 ~0e169 ~0.,181 | =0.213 | -0.446 30
40 0,316 | =0.350 ~0.281 ~0.294 | =0s325 | =0.,259 40
50 ~-0.368 | =0.402 ~-0.330 ~0,327 | =~0.378 | =0.309 50
60 ~04392 | «0.429 ~0s354 ~0,372 1 =0.406 | ~0.333 60
70 =0.396 | ~0.431 ~(04358 ~0.377 | =0.411 | ~0.338 70
80 ~0a393 | -0.427 ~0.353 ~Cu37h | =0.406 | =0.336 80
90 -0.379 | ~0.408 ~0.346 -0.365 | =0,393 | -0,330 50
100 =0.311 | ~0e327 ~0.327 ~0.300 | ~0.312 | =0.342 100
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