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Problems concerning the interaction of a boundary layer with local nonunifommities in 
supersonic flow have not been sufficiently well studied to date. This is particularly true 
of the stability of a supersonic laminar boundary layer in complex flows with pressure gradi- 
ents. The theoretical problem of stability near curved surfaces was examined in [i]. The 
case of supersonic flow past a convex surface was analyzed. The stabilizing effect of the 
turn of the supersonic flow at an outer obtuse angle was noted. 

The results of an experimental study of boundary-layer stability during its interaction 
with a fan of rarefaction waves were given in [2]. It was found that artificial disturbances, 
moving through the fan of rarefaction waves, remained neutral in regions of a moderate posi- 
tive pressure gradient behind the turn of the flow. This result was also theoretically pre- 
dicted in [i]. Thus, we should note that, in this case, the history of the flow has an in- 
fluence on the development of disturbances. 

In our work, we attempt to include the influence of the fan of rarefaction waves to de- 
pict more clearly its influence on the development of disturbances. To do this, we repeated 
the measurements made in [2]. However, in this case, the artificial disturbance was intro- 
duced into the boundary layer immediately behind the fan of rarefaction waves. In [2], the 
disturbance source was positioned in front of the turn of the flow. 

i. The measurements were made in the T-325 supersonic wind tunnel at the Institute of 
Theoretical and Applied Mechanics, Siberian Branch of the Russian Academy of Sciences, which 
has a test section of dimensions 200 x 200 • 600 mm. The conditions of the experiments were: 
Re I = U/v = 6.75.106 m -I, F = 2~f/ReiU = 0.337.10 -4 , M~ = 2.0, where Re I is the single Rey- 
nolds number; ~ is the kinematic viscosity; U the velocity at the outer edge of the boundary 
layer; M~ is the Mach number of the incoming flow; f is the frequency of the disturbance; 
and F is a dimensionless frequency parameter. We carried out the investigation using a con- 
stant-current hot-wire anemometer. The sensor was fixed to a tungsten filament 6 Bm in diam- 
eter and about 1.2 mm in length. 

The experiments were done on the same model as in [2], which is an acute steel cone with 
a vertex angle of i0 ~ and a cylindrical afterbody of diameter 38 mm. We used a variable- 
current electric discharge as the source of artificial disturbances. This was located in 
the cylindrical part of the model 7 mm from the break point on the surface. The disturbance 
penetrated into the boundary layer through an opening ~0.5 mm on the surface of the body. 
The experimental method is the same as in [2]. We measured the distribution in the amplitude 
A and phase ~ of the disturbance in a narrow band (1%) at frequency f = 20 kHz along the 
transverse z and longitudinal x coordinates. As a result of processing the data, we ob- 
tained the amplitude A$~ r and phase F~ spectra, and also the wave characteristics of the 

disturbance (phase velocities, angle of inclination of the wave, degree of amplification of 
the disturbance). Here $ and ~r are the wave numbers in the z and x directions. 

We made measurements on the cylindrical part of the model for values of the longitudi- 
nal coordinate x from 16 to 28 mmo Here x is measured streamwise from the break point of 
the surface. As was indicated in [3], a moderate positive pressure gradient is observed in 
this section. The profile of the average velocity is similar to that in a zero-gradient 
flow on a flat plane. In this case, the boundary layer on the cylinder at x = 15 mm is, in 
terms of integral characteristics, similar to the boundary layer on a flat plate with Re = 

(Relxs I/2 = 715 (xs is the longitudinal coordinate on the plate, measured from the leading 
edge). 
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2. We examine the development of natural disturbances at the frequency being studied. 
(A natural disturbance is one which arises in the boundary layer due to external, uncon- 
trolled factors, such as acoustic noise from the walls of the test section, vibrations, and 
so on.) The integral amplitude of the pulsations of mass discharge in terms of wave numbers 
~r and ~ are shown as a function of longitudinal coordinate x in Fig. i. Note that the dis- 
turbance is increased markedly with power index --~i ~ 4"10-3 for x = 22 nun. For the boundary 
layer on a flat plate, vortical disturbances (Tollmien-Schlichting waves) grow with power 
index--=i =2"5"I0-a beginning at Re ~ 700, according to the data from [4, 5]. The increase 
in the degree of growth of disturbances on a cylinder compared to a flat plate can be ex- 
plained by the moderate positive pressure gradient, and also by the somewhat larger value 
of Re. However, this result contradicts the experimental data of [2]. As noted above, the 
artificial disturbances, which move through the fan of rarefaction waves, remains close to 
neutral (see Fig. 6 in [2]). Intense amplitude beats were observed, which led the authors 
to conclude that the wave structure of the developing disturbances is complex. In addition 
to vortical (subsonic) disturbances with phase velocity C x > Cx* , acoustic (supersonic) dis- 
turbances with C x < Cx* , and regular disturbances whose phase velocity lies in the interval 
i < C x < i + I/(M cox X) also developed in the boundary layer. Here Cx* = i - I/(M cos • 
and X is the angle of inclination of the wave vector of the disturbance to the flow direc- 
tion. Let us examine the nature of the development of artificial disturbances obtained in 
our work. The growth in the amplitude of the disturbance in the zone of measurement for 
wave numbers ~ is similar to that given in [2]. It is shown in Fig. 2 (curves 1-4 corre- 
spond to ~ = 0, 0.31, 0.67, 1.20). Disturbances with ~ = 0.67 grow most vigorously: their 
amplification power is =i ~ 6"10-3, which is close to that for natural disturbances. Ampli- 
tude beats are virtually nonexistent, that is, the one plane wave with angle of inclination 
X = 55~ is the primary contribution to the disturbance. Its phase velocity is C x = 0.5, 
which corresponds to a Tollmien-Schlichting wave. Beats exist for other values of ~, which 
indicates the complex structure of the disturbances. 

A similar character of the development of artificial disturbances was obtained in [6] for 
a flat plate, that is, for zero-gradient flow. We will examine the composition of the dis- 
turbances in more detail. Figure 3 shows the ~r amplitude spectra of the disturbances. The 
solid lines plot out the results of [2], the broken lines are our results, where for curves 
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i and 2 ~ = 0, and for 3 and 4 ~ = 0.61. There is a significant difference in the spectra 
only for ~ = 0. If in the first case the phase velocity of the disturbance, corresponding 
to the fundamental peak, is C x = 1.12, which corresponds to regular disturbances, then in 
the second C x = 0.79 and the disturbances already pertain to Tollmien-Schlichting waves. 
This data supports the supposition that the appearance of regular disturbances is related to 
the fan of rarefaction waves. We note that the contribution of acoustic waves with C x < 0.3 
(the second peak in the plots in Fig. 3) to the disturbances moving through the fan of rare- 
faction waves is larger than in the case where the disturbance is introduced on the cylindri- 
cal part of the model. 

Curves 3 and 4 in Fig. 3 are very similar. In both cases, the fundamental peak is de- 
termined by Tollmien-Schlichting waves with C x ~ 0.6. The influence of the acoustic waves 
(second peak) in disturbances with 8 = 0.61 is, in the results of [2], somewhat greater than 
in our work, but the difference is not great. Similar results were obtained for other val- 
ues of 6. In this connection, it is difficult to explain the behavior of waves with 8 = 0.7, 
introduced before and after the turn of the flow, in terms of linear stability theory. It 
is possible that the first case did not avoid the nonlinear interaction of the plane and 
three-dimensional waves at the fundamental frequency and its harmonics. To verify this as- 
sumption, methods to experimentally investigate the nonlinear processes must be devised. We 
note, however, that even theoretically the problems of linear development of waves in flows 
with local nonuniformities are virtually unstudied. 

Thus, artificial disturbances introduced after the turn grow similarly to natural dis- 
turbances, while those introduced before the turn remain neutral. From this, we can assume 
that flow nonuniformity engendered in the supersonic boundary layer in the turn of the flow, 
is the generator of disturbances, and plays a role similar to that in the region of the tip 
of the model. Acoustic waves outside the boundary layer in the region of the nonuniformity 
give rise to vortical disturbances. A more detailed conclusion requires further study. 
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