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SUMMARY

The chordwise variation of the vpressure coefficient along the
upper and lower surface of the fuselage-nacelle fillet of the Avro CF-100
half model was obtained over the Mach number range from 0.53 to 0,99 at
anglee of attack of 0°, 29, 49 gng 6°,

The chordwise position of ths forward suction peak omn the upper
surface was invariant with Mach number, A second suction peak occurred
on the uvper surface at Mach numbers above 0.80. The position of the second
peak moved aft from the 35% chord position at M - 0.80 to the 70% chord
position at M - 0.99.

The pressure distribution on the lower surface, aft of the 10%
chord position, was avproximately flat at all Mach numbers up to M - 0.72.
At hisher lMach numbers a second peak occurred, This peak moved rapidly aft
from the 35% chord position at M = 0,82 to the 55§ chord position at
M - 0,86,

INTRODUCTION

In Refarence 1 the results are presented of total head wake
gurveys behind the nacelle fillet, nacelle and inboard wing of a 1/80 scale
model of the CF-100, To supplement this information surface static pressurs
distributions have besn made, This memorandum presants the results of
surface static pressure measurements made along the upper and lower surface
of the nacelle fillet. The upper surface distridbutions are compared with
those obtained at mich higher Rsynolds Numbers by the Cornell Aeronautical
Laboratory., The lower surface distributions are of particular interest
in determining a suitable location for external storee on this aircraft,

SCOPE O TESTS

Chordwise pressure distributions were obtained along the upper
and lower surface of the fuselage-nacelle fillet over a range of Mach
numbers from 0,53 to 0.99, at angles of attack (measured from the fuselage
reference line) of 0°, 2° 4° and 62. The corresaonding ranges of
Reynold's numbers was from 0.17 x 10° to 0.33 x 10° based on the S.M.C.
(Pigure 1),

AFPPARATUS

The N.A.E., ‘transonic wing flow facilitiss were used to conduct
the tests,

Nine pressure orifices, 0.040 inches in diameter, were located
chordwlss 210ng LOth the Upper and lOWer surraces or the fusslaga-nacells
fillﬂt.

Th« nressures were recorded using a multi-channel pressure
recorder (M=2).
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METHOD

A steady Mach number was established in the flow past the model
and the model cycled through six degrees angle of attack in two degree
steps, with the model vausings 1} seconds at each step,

All tests were carried out in level flight or in shallow dives
8o that lag effects were considered negligible,

RISULTS

The results are presented in Figures 2 to 22 as the chordwise
variation of the pressure coefficient, Cp = Pg= Pog
qo0
The pressure dictributions from Reference 2 indicate that the pressure peak
on the urver surface is generally forward of the 5% chord position. Since
the most forward orifice in the present tests was located at 5.5% of the
chord, the curves were not extended forward of this vosition,

The chordwise pressure distributions along the upper surface of
the fillet, for Mach numbers from 0,53 toc 2,99 are shown in Figures 2 to 11,
The pressure distributions are approximately invariant with Mach number
up to M = 0,75. (Pigures 2 to 6). The suction peak occurs somewhere
forward of the 5,54 chord position: the pressura increasing rapidly back to
about 108 chord snd then increasing more or less linearly back to 50%
chord position, i

At M - 0.80 (Fisure ?) a second suction peak occurs at ths 35%
chord vosition “or angles of attack up to 4°, As the Mach number is increased
beyond M = 0,80, the second suction peak moves aft with increasing Mach
number to the 70'% chord poeition at M - 0,99 (Figures 8 to 11), It appears
that separation of the boundary layer vell forward on the surface occurs

At ot w 6° for all Mach numbers from M = 0.80 to M « 0,93. At M = 0,99
there 1s no evidence of early separation at oc= 6%

It seems likely that the second suction peak occurring at Mach
numbers greater than M = 0,80 is associated with a rapid thickening of the
boundary layer due to transition caused by the shock wave behind the forward
suction peak, Alternaggly. thas boundary layer may be separated by the shock
wave and reattaches itself as a turbulent boundary layer farther aft.

There is evidence of a second shock oecurring behind the second suction
peak at Mach numbere greater than M z 0,83,

An accurate estimate of the critical Mach number of the upper
surface of tha fillet is difficnlt sinece the smetion poale probably oscours
forward of the 5.5¢ chord position. It is evident, however, from Figure 4
that the critical Mach mumber at 1lift coefficients above 0,45 is less than
M - 0,62, This agrees reasonably well with the data from Referencs 2; the
criticaisﬂach number of the fuselage-nacelle fillet being 0.57 at
CL = O- e
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Pressure distributions along the lower surface of the fuselage-
nacelle fillet are given in Figures 12 to 22 over the Mach number range from
M- 0,53 to M - 0,93, At Mach numbers below 0.72 there is 1little change in
the pressure distribution with Mach number (Figures 12 to 15), The suction
peak occurs &t the 5% cho-d position or farther forward; the pressure
increases rapidly back to 105 chord and is approximately flat from 10% chord
to 80% chord, At M = 0,82 a second suction peak occurs at o« = 0° at the
35% chord position (Figure 18). Trie peak moves rapidly aft with increasing
Mach number to the 555 chord povition at M = 0,86,

The critical Mach number of the lower surface at o - 8° appears to
be at about M « 0.72, Figure 18 indicates that the crit%cal pressure
coefficient is not reanched on the lower surface at o« « 6 until M - 0,86,

Pressure diztributions ~lon.s the urmer surface of the fillet obtained
from the pressnt tests are commared with those of Reference < in Fisures 23
and 24, The rasults are compared =t 1ift cosfficients of 0,09 and 0.62 at
a Mach number of approximately 0.5 in Figure 22, The agreement 1s reasonably
good, especially aft of the 15% chord position, The difference in the
ma;snituae of the suction peak at the lower 1ift coefficient could be accounted
for by a difference of ,01 in the 1ift coefficient, The 1ift coefficient
in the present tests wag not known %o an accuracy of batter than & 015,

The comparison at M = 0.88 given in Figure 24 shows a marked dis-
crepancy beitween the results at a 1ift coefficient of 7,72, At CL = ah6
the agreement is fair except for tue portion aft of tre 50% chord position;
where the data from Referance 2 indicates considerably more suction than the
present tests. according to tge proesent results at M - 0,88, as the angle
of attack was increased from 0 to 9 the maznitude of the second siction peak
decreased. Reference 2 shows that at M - 0,88, ss the angle of attack was
increased, the magnitude of the second suction peak increased, Thus there is
a large difference in the magnitude of the sascond suction peak between the
two sete of data at a 1ift coefficlent of .22, as shown by Pigure 24,

The decrease in the seccné suction peak with increasing angle of attac
found from the present tests seemsprobable if separation caused by the shock
following the forward suction peak becomes more severe with increasing angle
of attack; the expansion following the forward shock becoming correspondingly
less,

It is felt that the results c!f Reference 2 may be questionable at
high Mach numbers since the model frontul area at zero angle of attack is
more than 1% of the tunnel area, The critical area ratic for choking
conditions at M - 0,88 is 0.987 (from isentropic flow relations), Tre con-
ditions at angles of attack are, of course, even more critical,

Figure 24 shows a further discrepancy between the two sets of drta
at C], = 0.32 in the megnitude of the Iforward suction peak., The relatively
large orifice diameter used in the present tests, necessary to keep lag effects
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Pressure distributions along the lower surface of the fuselage-
nacelle fillet are given in Figures 12 to 22 over the Mach number range from
M - 0,53 to X - 0,99, At Mach numbers below 0.72 there is little change in
the pressure distribution with Mach number (Figures 12 to 15), The suction
peak occurs at the 5% chor-d position or farther forward; the pressure
increases rapidly back to 10% chord and ie approximately flat from 10% chord
to 80% chord, At M - 0,82 a second suction peak occurs at o« = 0° at the
35% chord position (Figure 16). Tris peak moves rapidly aft with increasing
Mach number to the 55f chord poeition at M - 0,86,

The critieal Mach number of the lowser surface at o = e° appears to
be at about M « 0.72. Figure 18 indicates that the critjcal pressure
coefficient is not reanched on the lower surface at & « 6 until M - 0.86,

Pressure distributions alon.: the upper surface of the fillet obtained
from the presant tests are cormared with those of Reference 2 in Fipures 23
and 24, The results are compared at lift coefficients of 0,09 and 0.62 at
a Mach number of approximately 0.5 in Figure 23, The agreement is reasonably
good, especially aft of the 15% chord position. The difference in the
masnitude of the suction peak at the lower 1ift coefficient could be accounted
for by a difference of ,01 in the 1ift coefficient. The 1ift coefficient
in the present tests was not known to an accuracy of better than &£ , 015,

The comparison at M - 0.88 given in Pigure 24 shows a marked dis-
crepancy betwsen the results at a 1lift coefficient of 0,72, At CL = .06
the agreement is fair except for the portion aft of the 50% chord position;
where the data from Refersnce 2 indicates considerably more suction than the
present tests. according to tge present results at M - 0,88, as the angle
of attack was increased from 0 to €0 the magnitude of the second suction peak
decreased. Reference 2 shows that at M - 0,88, as the angle of attack was
increased, the magnitude of the second suction peak increased, Thus there is8
a large difference in the magnitude of the second suction peak betwsen the
two sets of data at a 1ift coefficlent of 0.32, as shown by Figure 24,

The decreage in the second suction peek with increasing angle of attac.
found from the present tests seemsprobable if separation caused by the shock
following the forward suction peak bscomes more severe with increasing angle
of attack; the expansion following the forward shock becoming correspondingly
leas,

It is felt that the results of Reference 2 may be questionable at
high Mach numbers since the model frontal area at zero angle of attack is
more than 1% of the tunnel area, The critical area ratio for choking
conditions at M = .88 is 0.987 (from isentropic flow relations). The con-
ditions at angles of attack are, of course, even more critical,

Pigure 24 ghows a further discrepancy between the two sets of data
at C1, = 0.32 in the magnitude of the forward suction peak. The relatively

large orifice diameter used in the pressent tests, necessary to keep lag affects
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to a minimum, would probably affect the flow near the leading edge to a
greater sxtent than elsewhers on the surface,

COECLUSICNS

The measured pressure distributions over the upper surface of the
fuselage-nacelle fillet indicate that the chor~dwise position of the forward
suction peak is invuriant with Mach Number over the range from M = 0,53 to
M = 0,99, A second suction peak occurs for Mach Numbers of M = 0,80 and
above, The secnond suction peak moves aft with increasing Mach number from
35% chord at M = 0,80 to 70% of the chord at M = 0,99, The critical Mach
Number of the upper surface is less thun M = 0.68 at a 11ft coefficient of
0.10 ( % = 0°), and less than M = 0.62 at 1ift coefficients above 0.45
(x > 4%,

The pressure distribution on the lower surface of the fillet is
approximately flat aft of the 104 chord position at all Mach Numbers up %o
M =0.72, At M = 0,82 there is a spull second suction peak occurring at

X = 0° at about the 25% chord position. This peak moves rapidly aft with
increasing Mach Kumber to the 5% chord position at N = 0,86, It remains
at the 55% chord position as the Much FNumber increases to K = 0,91, and
then moves aft with increasing Mach Number,

The critical Mach Number of the lower surface at x = 0° is
approximetely 0.72; at & = 2% and & = 4° the critical Mach Number is less
than M = 0,82; at K = 6° the critical Mach Fumber is M = 0,86,

The compurison between the present results with those of Reference
2 showed good egreement at ¥ = 0,50 at both high and low 1ift coefficients,
At M = 0,88, the agreement was fair at C; = .09 but large discrepancies
occurred as the 1ift coefficient was increased, The most marked difference
occurred in the mugnitude of the second suction peak; the results of the
present tests showing & decrease in the magnitude of the second suction peek
with increasing angle of attack, with the results from Reference 2 showing
an increuse in the second suction peak with increasing angle of attack,
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1. NKAE Laboratory Memorandum FR-10(a)

2., Cornell Aeronuutical Laboratory Report Ro, aA-597-W-1
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