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face pitot (Preston) tube; in forward flow it should show a de-
erease of pressure, compared to the clear surface, since the
orifice is on the “base’ side of the dam; whereas in reverse
flow it should show an inerease, the orifice now being on the
“face” side. Thus, the streamwise pressure distributions
with and without orifice dams should eross at the point of flow
reversal.

An example of the results obtained is shown in Fig. 7. It
may be seen that the effect is very small, an indication of the
low dynamic pressures in the reverse flow region up to the re-
attachment point. A plot (not shown) of the ratio of the two
pressures p and p’ (the erossover point being at p’/p = 1)
improved the resolution considerably. The result was quite
unambiguous for the lowest Mach number, 2.09, but rather
less accurate for the other two, due to scatter. The method
was not applied to the smallest (0.25 in.) step. Loecations of
flow reversal points determined in this way are indicated by
od in Figs. 3 and 4 and are listed in Table 1.

An unexpected result from the orifice dam technique was
the appearance of a peak in the pressure distribution, as in
Fig. 7. The decrease in pressure after the peak, even though
the general static pressure is still rising, indicates that the
flow over the dam has become strong enough to produce an
appreciable dynamie effect and a strong deerease of the base
pressure on the dam. Thus, the peak is a good indication of
the end of the (nearly) dead-air region. The locations of these
peak pressure points are indicated by pp in Figs. 3 and 4 and
are listed in Table 1. It may be seen that they always lie
close to the points marked r, which are the theoretieal loea-
4ions of the reattachment points in the corresponding inviseid

Fig. 6 Reattachment flow pattern obtained using oil-flow
visualization technique; M, = 3.02, h = 1.68 in.

free streamline model (Fig. 3). On the other hand, the points of
flow reversal, whether sf or od, always oceur at smaller values
of z/k. (The one exception, for the smallest step at M, =
2.09, may be in error; the corresponding flow pattern was not
distinet.) Taken together, these results suggest that the real
point of “reattachment” (better called the point of flow re-
versal) lies just inside the region of low dynamic pressure,
which itself corresponds fairly well to the so-called dead-air
region of the free streamline model.

Shape and Secale of Pressure Distributions

To study the shapes of the pressure distributions of Fig. 4,
the curves were replotted against the dimensionless distance
xz/h. In Fig. 8 the distributions are arranged in groups of
constant Mach number, to bring out the effects of geometry,
whereas in Fig. 9 they are arranged in groups of constant h,
to display the Mach number effect for given geometry.

Due to the erowding together of these curves, the locations
of the points sf, r, and pp from Fig. 4 are not reproduced in
Figs. 8 and 9, but their ranges are indicated in Fig. 8. An
interesting trend is that the location of r (or pp) tends to re-
main nearly fixed (at a value of z/k slightly greater than 3),
but the location of sf tends to move toward the step with in-
creasing Mach number. This should be viewed with some
reservation, since results from surface flow techniques are
notoriously difficult to evaluate; on the other hand, there is
indication of the same trend in od from the orifice dam ex-
periments.
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Fig. 8 Effect of step height on shapes of measured pres-
sure distributions; ranges of pp, r, and sf noted.

In Fig. 9, the effects of Mach number are compared for fixed
geometries. The group for the smallest step height (0.25 in.)
is particularly interesting since it includes five different values
of Mach number and since h/R. = 0.04 1s small enough that
the reattaching flow surely can be regarded as two-dimen-
sional. A noteworthy feature is the branching of the curves
just downstream of the reattachment point; a break in the
pressure distribution there becomes more pronounced with
increasing Mach number. The same trend is evident for the
other two values of k.

Figures 8 and 9 are remarkable in the tendency shown for
the pressure distributions to be superimposed on each other
in the region of steepest pressure rise, approximately 2 < z/h
< 4. Onemight expect the length scale of the pressure rise to
depend on the thickness to which the shear layer has
grown before it reattaches, and the scaling with & seems to
imply that the initial thickness is small enough to be unim-
portant for the length scale of the reattachment region (not
necessarily for the dynamies). On the other hand, the initial
thickness 8, for our smallest step height is comparable to A
(Table 1); furthermore, some measurements by Hastings'¢
included cases in which 8, was considerably larger than &, and
still the pressure rise region tended to superimpose on those
for smaller 8,/h; the base pressures, however, were affected
considerably. All this suggests that the dead-air or inner
portion of the flow is governed largely by developments along
the dividing streamline, i.e., that an inner shear layer, be-
ginning at the separation point and growing linearly, will be
consistent with a scaling that depends mainly on step height

It has been remarked earlier that, up to the reattachment
point, dynamic pressures seem to play a small role, and the
pressure rise in this region must be balanced mainly by turbu-
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Fig. 9 Effect of Mach number on shapes of measured
pressure distributions.

lent shear stress. The breaks in the pressure distribution just
downstream of reattachment and, in particular, the bump
at z/h = 3 for M, = 4.37, (Fig. 9), may be related to the lip
shock phenomena discussed by Weinbaum'® and observed by
Hama.®*

Finally, as noted earlier, the superposition of the pressure
distributions up to reattachment contrast with the variety of
developments further downstream, suggesting an inde-
pendence from the flow downstream of reattachment; this
independence has been observed more explicitly in experi-
ments by Bogdonoff et al.” and Carriére and Sirieix,* as well as
in the theoretical results of Crocco-Lees-Reeves 5® where it is
attributed to the appearance of a critical condition just after
reattachment. The peak pressure observed in the orifice
dam experiments (described previously) alzo oceurs at this
point, suggesting a large and sudden acceleration of the
boundary layer there.
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