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S ummary

Measurements of the pressure distribution over the surface of
a two-dimensional serofoil of R.A,B.104 section have been made at a
Reynolds number of about 0.8 x ‘iOé and at free-stream Mach numbera:of
1442, 1460 and 1,79« The observations included schlieren photography of
the flow, and were made at angles of incidence of 0° and 2°,

1¢« Description of the Apparatus

The aerofoil section! is shown in Fige ; it is symmetrical and
has its meximum thickness equal to 10% of the chord located at 42% of
the chord behind the leading edge. Ten 0.01" diameter pressure holes
were drilled in the surfaoce st the positions shown, and these were connected
to a manometer by leads passing out of the tunnel through the tongues
which were used to support the aerofoil in the glass discs fitted in the
sides of the turnnel (Fig.2).

The tests were mede in the 9" x 3" induced-flow tunnel, Schlieren
photographs were taken with an exposure of about 1 microsecond and with
an optical system based on two 9" diameter, 9' focal length spherical
mirrerss.

2. Presentetion of Results

Two different coefficients are used fo express the measured
gtatio pressure p in non-dimensional form. The first p/H1 is based on
the total head H, of the free streem and the second p/H, on the
theoretical total head H, behind 2 normel shock wave with the measured
free-gtream Mach number and free-siream total head upstream. It seems
reagonable to assume that for a blunt~nosed aerofoil the total head along a
stream line just outside the boundary layer will approximete to H, ,
and that the pressure coefficient p/H2 may, therefore, be used to estimate
the local Mach number on the assumption that Iy would be the pressure
reached if the flow were brought isentropically to rest.

3 Reaults

The pressure distributions measured on the aerofoil at 0° and 2°
incidence are plotted in Figs.3-5 end Figs.6-8 respectively, and photographs
of the flow are reproduced in Figs.9 and 10s The 1ift coefficients have
been obtained from the pressure distributions by integration and asre shown
in Figei1s
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Lo Discussion

Curves caleuleted for simple-wave flow over the geouetrical
section {1.e. neglecting the growth of the boundary loyer) are included
in Figs.3~8. Thepe have been drawn to give the messured pressure of
the point where the surface is parallel to the free stream. This pressure
is seen to be in reasonable agrecuent with the static pressure of the
free streams Except in the viecinity of the nose, and close to the tail
on the upper surfnce, the calculated curves are in fair apreement with
those measured.

Both measurements and calculations show that the rate of
pressure fall begins to increase at between 0.5 and 0.6 of the chord
from the leading edge., This is associeted with a2 rapid change of surface
slope at this position on the aeroforl (see Fig.12). The increased rate
of expansion may be seen in the Toepler mchlieren photograph reproduced
in Pig,10(d) as an increase of illumination above and a decrease of
illumination below the aercforl., Similer phenomena have been observed?
on this serofoil at high subsonic speeds when the local supersonic region
extends beyond the position where the slope is changing rapidly.

After the expansion described shove, the caloulated curves soon
beocome horizontal and then represent the uniform flow along the straight
rear part of the meroforl (dowmstream of 0,5 chord in Pige12). Apart
fron those measured on the lower surface when the aerofoil is at
incidence (Migs.6-8), the measured pressures tend to rise towards the
tail. This seems to be assoocrated wvath a local thickening or separation
of the boundary layer ahead of the shock wave at the tail, and is more
fully discussed in ref.3. The boundary~layer sepsration 1s clearly
visible on the upper surface in the Ehotographa reproduced in Fig.10.
According to the craiterion suggested* by Vecrcey, the photographs show
that the boundary layer remains laminsr back to at least the point at
which separation takea place,

5. Conclusions

¥xcept in the vicinity of the nose and the tail, the measured
pressure distribution on a round-nosed aerofoil woving at a supersonic
speed 1s found to be in fair agreement with that calculated for a simple
wave giving the measured pregsure at the point vhere the surface is
parallel to the free stream. This pressure approximates to the static
pressure of the free gtream.

The discrepancy at the nose arises from the presence of the
region of subsonic flow there, and decrecses as the Mach number is raised.
The discreponcy at the tail 1s due to a local separsticon or thickening of
the boundary layer ahead of the tall shock wave, and is particulorly
pronouniced on the upper surface when the cerofoil is at pogitive incidence.
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