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EXPERIMENTAL RESEARCH ON STABILITY AND TRANSITION
IN HIGH-SPEED WAKES
PART 1. RESEARCH ON THE TRANSITION POSITION IN SUPERSONIC
AND HYPERSONIC WAKES, AND THE EFFECTS
OF TEMPERATURE AND OTHER FACTORS

V. LYSENKO (NOVOSIBIRSK)

The development of disturbances in a supersonic wake (free viscous layer and regular wake)
behind a flat plate, both in linear and in nonlinear phases of development was investigated. The
influence of several factors (Mach and Reynolds numbers, temperature factor, thickness of a
plate, length of its stern) on the wake stability was studied.

1. INTRODUCTION

RESEARCH on the flow in a wake behind an object is an important problem
of aerodynamics. The base drag of bodies of revolution at supersonic speeds can
make up to 30% of their complete drag (and particularly for cones — up to 50%;
MIHALEV [1]; KOVENYA and LEBEDEV [2]), i.e. to determine the aerodynamics
of the flying apparatus. In addition, the value of the base drag can increase by
more than 100% at laminar and turbulent regimes (MIHALEV [1]).

The problem of transition from the laminar flow to the turbulent one in wakes
and jets is of great practical significance for decreasing the noise generation in the
jets of rocket and aircraft engines, at the supersonic burning, for improvement of
the mixture of fuel and oxidizer flows inside the chamber of combustion of the
hypersonic flying apparatus.

However, not many experimental researches were done so far on the stability
of a wake at supersonic flow speeds (similar research in a boundary layer are
more numerous — see, for example, LYSENKO (3]; LYSENKO and MAsSLoOV [4];
and many others), though such papers as BEHRENS [5], BEHRENS and Ko [6],
BEHRENS et al. [7], DEMETRIADES [8 — 10}, MCLAUGHLIN [11], MCLAUGHLIN et
al. [12] became classical.

The present paper is devoted to an experimental research on the stability and
transition in a high-speed wake behind a flat plate.
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2. EQUIPMENT AND EXPERIMENTAL TECHNIQUE

The experiments are carried out in the hotshot tunnel “Transit” at the free
stream Mach numbers Mo, = 4,5 and 7 in the large range of unit Reynolds
number Res = (40 — 150) - 10 m~!. A symmetric flat plate of 108 mm length
and 10 mm thickness was used, having the nose in the form of a wedge with the
half-angle of bevel 14° as a test model. The plate stern was blunt (was beveled
at the right angle). The plate was fixed rigidly to the lateral walls of the wind
tunnel’s test section and was exposed at zero angle of attack. By changing the
temperature (heating) of air in stilling chamber, the experiments were performed
at different values of the temperature factor (wall-to-adiabatic wall temperature
ratio) T, = 1,0.85,0.8 and 0.6.

To fix the transition position in the wake and in the boundary layer of the
plate, a Pitot tube was used, with the sizes of the totalhead-tube reception aper-
ture of 0.3 mm height and 1.3 mm width (external sizes of the tube were 0.4 mm
and 1.4 mm), and diameter of the reception aperture of static-pressure probe
of 0.3 mm, the induction probes DMI, dialog-computer complex DVK-2M and
the high-speed digital system of registration “Spectrum-2”. To define the position
of the boundary layer transition, the location of the totalhead tube on the mo-
del surface was changed along the longitudinal coordinate x, and the position of
transition was defined in the classical way (considering the change in the pro-
be signal, depending on the change of speed profiles at transition of a laminar
boundary layer to the turbulent one; the position of the end of a transitional
zone was accepted as the position of transition). To determine the location of
transition in a wake, the position of the total head tube along the wake longitu-
dinal axis had to be varied, and the beginning of the essential growth of signal of
the probe, connected with the change of speed profiles at transition of a laminar
wake to turbulent one (decreasing Mach-number defect), was accepted as the be-
ginning of transition (also according to the classical method - see, for example,
MCLAUGHLIN et al. [12]).

3. RESULTS

In Fig. 1 the scheme of the flow around the model in the experiments carried
out is shown, and the results are presented in Fig. 2. Here Z; = z; (mm)/108
is nondimensional longitudinal coordinate of transition. The curve M = O corre-
sponds to the position of the critical point of the wake (the curve was obtained
by approximation of the experimental points at M = 4 and 5).

The results obtained show that the conditions (laminar, transitional or tur-
bulent) of the boundary layer at the end of the plate affects (through change of
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Fic. 1. Diagram of the model flow: 1 - plate end, 2 — boundary layer, 3 — free viscous layer,
4 — wake, 5 — critical back point.

profiles of speed and other parameters, and also at the expense of change of the
level of disturbances) the position of the wake transition, though the processes of
turbulization (in particular, amplification of disturbances) can occur simultane-
ously both in a boundary layer and in a wake (because of appropriate instabilities
of that boundary layer and the wake). The author has the impression that by
decreasing Re;, the boundary layer at the end of the model remaining turbu-
lent, the beginning of the wake-transition could be near the critical back point
(somewhere in the region of the wake throat), and as soon as Re; has met the
requirements of the transitional condition of the boundary layer, the beginning
of transition in the wake started moving away from the critical back point (in
accordance with decreasing Re;). Incidentally, if in the case of the transitional
boundary-layer condition the stabilizing effect of the boundary layer on the wake
has an effect through the change of profiles of speed and other parameters, in the
case of the laminar boundary-layer condition the stabilization occurs by means
of reducing the disturbance amplitudes.

It is also shown that compressibility (the increase of Mach number) has a
stabilizing influence on the wake. For Re;o, ~ 60 - 106 m~1 with consecutive
increasing M, from 4 up to 5 and from 5 up to 7, the position of transition
(also consecutively) moved away from the model end. A similar withdrawal of
transition in a wake was observed in the wind tunnel T-325 (these results will be
shown in Part 2, Fig. 1). The obtained results correspond to the papers: MIHALEV
[1]; WEN [25]; LykouDis [26]; LEGNER and FINSON [27]; ROSHKO and FISHDON
[28]; DEMETRIADES [9], in which the increase of Reynolds number of transition
in a wake was found to follow the increase of the Mach number.

Besides, it was found that reduction of the temperature factor at My, =4
and T, > 0.8 stabilizes the boundary layer and, as a consequence of it, the near
wake (at least, it is true for the range of Re;, at which the condition of the mo-
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del-end boundary layer changes), though in case of the laminar boundary layer
on the whole plate and large values of 7; the situation can become different. At
M = 7 and Ty, < 0.85 (when in a boundary layer the transition is determi-
ned already by the second unstable mode), the decrease of temperature factor
destabilizes both the boundary layer, and the wake. The obtained results do
not contradict the theoretical works on stability, in which the decreasing tem-
perature factor destabilizes disturbances of both the first mode in a shear layer
(JACKSON and GROSCH [29 - 33]; RAGAB and WU [34]; HEDGE and ZINN [35];
KUDRYAVTSEV and SOLOVYOV [36, 37] and a wake (LEES and GOLD [39]), and
of the second mode in a shear layer (RAGAB and Wu [34, 40]). However, it is
necessary to note that in the paper [40], the influence of cooling of stagnation
flow was ambiguous (at M; > 1.5 it resulted in stabilization of the first mode
and destabilization of the second one).

The withdrawal of transition in a wake with decreasing unit Reynolds number
was established. A similar influence of Re; was observed in the wind tunnel T-
325 (these data will be presented in Part 2, Fig 3). Character of the change
of dependences of T; upon Re;, obtained in the wake (reduction of Z; with the
growth of Re;) corresponds to the results of the works by MCLAUGHLIN [11]
and MCLAUGHLIN et al. [12] (M = 4.3), in which it was found, that with the
increase of unit Reynolds number, the beginning of transition in the wake moves
ahead to the back critical point. A similar result was obtained by PALLONE et
al. [41] for the hypersonic (6710 m/s) flow speed.

It is also shown that growth of the unit Reynolds number leads to an in-
crease of the longitudinal size of the zone of return currents (in the papers by
KOVENYA and LEBEDEV [2] and REEVES and LEES [42] for the laminar wake,
similar dependences were obtained). In the experiments carried out, the initial
reduction of static pressure was precisely fixed at the movement from the back
critical point to the base of the model (with subsequent increase ahead of the
model), determining the flow of air into the recirculation zone.

4. CONCLUSIONS

1. The condition (laminar, transitional or turbulent) of the boundary layer
at the end of a model exerts the influence (by means of the change of profiles
of speed and other parameters, and also at the expense of change of the level of
disturbances) on the position of the transition in a wake, though the processes
of turbulization can occur simultaneously both in the boundary layer, and in the
wake (due to the corresponding instabilities).
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2. Compressibillity of the flow (increasing Mach number) stabilizes the wake
disturbances - their amplification rates decrease, and the transition moves away
from the model.

3. Cooling of a model surface at M, ~ 7 exerts a destabilizing influence on
the development of disturbances in a wake.

4. With the increase of unit Reynolds number, the beginning of transition in
a wake moves forward to the critical point.
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