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Introduction

It has been shown previously that self-excited oscillations may occur in a rec-
tangular duct when sonic flow from a convergent nozzle expands abruptly into the
duct which has a cross—sectional area greater than that of the nozzle. The
flow in the duct is initially supersonic, terminating in a normal shock if the
driving pressure difference across the nozzle an: duct is not too high. ‘hen

_ the pressure difference is high, however, a series of reflected oblique shock
waves is formed. Both flow regimes are potentially unstable; with the normal
shock wave present in the duct base pressure oscillations may occur. The
oscillations which occur when oblique shock waves exist in the duct will be
described in this paper.

Experimental Arrangement

A schematic diagram of the duct is shown in Figure 1 which also indicates the
main dimensions and pressures. A wind tunnel was used in which atmospheric air
at a pressure pa was induced into a plenum at a pressure pe by means of a vacuum
downstream. Plow visualisation was possible by means of a Mach-Zehnder inter-
ferometer. A drum camera and spark light source could provide high speed films.

Flow Patterns with Oblique Shock Waves

Figure 2 shows how the base pressure pw varies with exit pressure pe for a typ-
jcal duct in which h = 6 mm, H = 15 mm and L = 80 mm. There is a range of low
values of pe for which the value of py is constant, and it is in this range that
the oblique shock waves occur in the duct. _
Various interferograms at different values of the pressure ratio pe/pa are shown
in Figure 3. With pe/pa = 0.173 (Figure 3a) there are three oblique shock wave
reflections from the duct walls, but the third reflection is close to the duct
exit. Just before the exit the flow separates from the duct walls and the
static pressure quickly increases to that of the exit. The interferogram in 3a
is a photograph taken at one instant in a cycle in which the separation points
move upstream and downstream through a small distance.

* As the pressure ratio pe/pa increases the mean position of the separation point
moves upstream (see Figure 3b) until at a certain pressure ratio there is a sud-
den jump in the position of the separation points which now become associated
with the area of the second oblique shock wave reflection (see Figure 3c); the
flow remains unstable. With a further increase in the value of pe the flow sep-
aration points jump again to the midstream region where the first oblique shock
wave reflection occurs. Figure 3d shows one instant during a cycle, and here
the entire flow downstream of the separation points is unstable. As pe/pa
increases to 0.361 the value of py starts to increase and a new type of very
strong oscillation exists. In this final type of instability not only do the
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-points at which.the flow Separates’oscilldte, but also the shock wave structure
alternates between a normal and an obliqué shock wave. The frequency of the
oscillation is typically 150 Hz and the peak to peak pressure fluctuation can be
as high as 0.25 bars. : . -

The varjous oscillations are illustrated schematically in Figure 4.
downstream and midstream types of separation oscillations the extreme flow
positions are indicated in Figures 4a and 4b, respectively. For the shock-
pattern oscillation in 4c the normal shock regime is marked
and the oblique shock regime by 2.

'In the

Conciusions
=Lfclusions

Large amplitude, low frequency self-excited oscillations exist in duct flows
with oblique shock waves.

The oscillations are associated with a shock-wave
o boundary~layer interaction
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h=6mm, H=15 mm, L=30mm
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h=6 mm, H:_IjS mm, L =80 mm.
Figure 3. Interferograms of oscillation flow regimes.
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" (ap R/Ry 20201, duct length. L =200 mm , h =10 mm, H= 332 mm. =

opprox. 112 mm
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{(b) pe/pq = 0243 , duct length L= 200 mm, h=10 mm, H=332 mm.

s y
approx 55 mm t '

(<) Pe/pa = 0-281.duct length L = 240 mm, h =10 mm, H= 332 mm o

approx 56 mm !

Figute 4.

Schematic outlines of downsiream, midstream and shock-pattern _{::gc_ii_ldficﬁq?




