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II.WESTIGATICR OF A SIMPLE DEVICE FOR FPREVENTING
SEPARATTON DUE TQ SHOCK AND "BOUNDARY ~LAYER
INTERACTTION

By Coleman duP. Domaldson
SUMMARY

Results are presented of a preliminery investigation of vortex
generstors Iintroduced into the reglon of boundary layer to increase the
turbulent mixing, in an ettempt to prevent separation due to boundary-
layer and shock interaction., Prevention of such separation and some of
1ts adverse effects up to Mach numbers shead of the shock of the order
of 1.4 appears possible by means of this simple device. Preliminary
flight tests show that this method is effective in combtrolling shock-
induced separatlon on the wing of an airplane at high speed.

INTRODUCTION

Ons of the most important aerodynamic problems 1s the elimination
of the adverse effects of the separatlion resulting from boundary-layer
and shock interaction. In particular, if possible, the shock-inducged
separation that occurs on wilnge at' trensonic speeds should be eliminated.

One measure proposed as a remedy for thls separation - that is, )
removal of the boundary layer by suctlon through porous walls, though
it should be effective - poses certain very conslderable difficultiles
in practical application. Another method of preventing seperation,
the use of vortex generators, has been employed to control separation
in subsonic flows. (See reference 1.)

The present work 1ls a preliminsry Investigatlon of the effective-
ness of voritex generators as a means of preventing shock-lnduced
geparatlon in a channel. The results of an addltional test In flight
are cited in reference 2. ' ' i ' : '
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SEPARATION

Separation of the boundary layer upon & surface occurs whenever
the rate at which the pressure gradient removes momentum from the
bottom of the boumdary layer exceeds for a long encugh time the rate
at which the boundary layer can transmit momentum from the free stream
toward the surface.

A turbulent boundary layer wlll negotiate a larger pressure rise
than a laminar boundery layer becsuse the mechanism of turbulent
exchange permits a momentum transfer to the layers near the surface
far larger than that possible through the action of laminsr shear alome.
However, the rate at which the pressure gradient due to a shock wave
upon an airfoll at transonic speeds seeks to remove momentum from the
boundary layer 1s so large that no ordinary boundary layer can
negotlate the shock wave without separation. It might be posalble,
however, to put enough mixing into the boundary layer by some external
means to make the rate of momentum transfer in the boundery layer
sufflicient to enable 1t to negotiate moderate shock waves without

geparating.

Incrsased mlxing can be accomplished I1f lifting elemsnts are a
introduced into the.boundary layer, as shown in figure 1, and the tip
vortices gensrated by these elements allowed tc trail downstream 1n
the boundary lsyer. Suchk devices to Increase the turbulent mixing have : -
been used at low speeds by both the British and the Americans for some
tlme to improve boundary-layer flow in the presence of adverse pressure
-gradients both on airfoll sectlons and in the diffusers of wind tunnels.
In these tests this method has been applied to the control of shock—
induced separstion.

: TESTS

Tests of this system were made wilth an apparatus similar to that
shown schematically in figure 1. A block (the top view of which is shown
in f£ig. 2) wae constructed to simulate half an airfoil of 8-inch chord .
and a thickmess ratio of 15 percent. This block was placed in the. . = = .=
floor of a small wind tunnel of 3~ by 3- -inch cross sectlon. The vortex
generators used in these tests were crude wings of equare plan form e
3/32 by 3/32 of an inch spaced every 1/4 inch along the span of the
profile at the 19-percent chordwise station., All the generators were set
at the same angle of attack of 17° so that all the vortices produced were -
of the same sign. The boundary lsyer in the turnel shead of the model
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was turbulent; therefore the vortex genera.tors wores working in a
turbulent la.yer.

As the tunnel power wae Increased, & shock formed and then moved
rearvard on the profile. Since the tunnel choked soon after the shock
formed, the tests do not represent an alrfoll waveling through free -
glr. Hence, comparisons of the wake surveys behind the proflile with
and without vortex gensrators were made for egpa.l meximm local Mach
numbers ahead of the shock wave.

Weke surveys were made behind the profile with the shock wave at
four positlons corresponding to Mach numbers shsad of the shock of 1.0,
1.2, 1.3, and 1.4, Schlieren photographs of the flow were taken at the
same time as the wake measurements. AlT wake surveys are presented

E - 1]
in terms of a total-pressure-loss factor — g  where HE 1is the
total pressure ahead of the profile and H' 1s the total pressure in
the wake. ' '

RESULTS

Figures 3 and 4 are schlleren photographs of the flow past the
clean profile and past the profile with vortex gemerators added when
the maximum local Mach number is very closs to 1. Since there should
be no serious adverse effect of the small shock type of dlsturbances
seen in the photograph upon the boundary layers, the wakes may be
compared at this condition to estimate the drag increment due to the
vortex generators before shock effects occcur. A comparison of the wakes
in the two cases In figure 5 shows that very little increase in losses
is caused by the addition of vortex gemsrators.

Figures 6 and 7 are schlieren photographs of the two flows when
the Mach number shead of the shock is increased to 1.2. The wakes in
the. two cases are compared in Figure 8. Although it is difficult to
see any separation in the schlisren photograph of the flow over the
clean airfoll, the large increase In losses and the ftelltale kink
{indicated by the errow in fig. 8) in the wake survey for this condition
iz indlcative of same meparation. The absence of the kink and the large
decreass 1In losses wlth the esddition of vortex generators iIndicates
that the actlon of vortex gemsrators is to suppress separstlon.

When the Mach number shead of the shock l1s Ilncreased to 1.3, the
schlieren photogreph of the flow over the clean profile (fig. 9) shows
that the boundary layer behind the shock dlverges from the surface
indicating separation, while there 1s no indication thet the boundary
layer diverges from the surfa.cs of the proflle with vortex generators
(fig. 10}. Figure 11 compares the wakes in these two cases. The wake
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behind the clean profile shows the bad separation, while the wake behind
the proflle wilth vortex generators 1s still relatively unaffected by the
shock wave.

Flgures 12 and 13 show the flow over the two profiles with the
shock ‘moved almost to the trailling edge of the proflls, so that the
Mach number ahead of the shock is 1.k. At this condition there could
be 1llttleé static pressure recovery between the shock and wake-meaguring
rake under any circumstances. Asg a result, the difference between a
separated and & nonseparated flow will be less pronounced. However,
there 1s atill less loss 1n the case of the profile equipped with vortex
generators (fig. 14).

In order to show the beneficial effect upon boundery-layer losses
(as distinct from shock losses) of the vortex gemerators, the areas
under the wake loass curves to the right of a line drawn from the po.nt
of minimum loss perpendicular to the abscigsa are. compared in figure 15.

An examinsation of the original photograph reprcduced in figure 13
roveals that the turbulence introduced Into the boundary layer by the
vortex gemerators dissipates In the long run of falling pressure between
the vortex gemerators and the shock wave. This, as well as the Incresased
shock strength, may contribute to the fact that the losses hecome larger
as the shock wave moves toward the rear of the proflle. For thig reason
1t 1s thought that the vortex generators might have bheen more effective
if the angle of attack of every other vortex gemsretor had been reversed
8o that the vortices produced would have been of opposite slgn and, thus
would have decayed less rapidly. '

PRELIMINARY TESTS IN FLIGHT

Preliminary tests in flight on a T72-inch~chord wing sectlon
(contour B, reference 3), with - by L-inch altermate 15° vortex
2 2

generators placed at 30 percenmt of the chord have indicated that no
separation occurred up to airplane Mach numbers of 0.T45 at a 1ift coef-
ficient of 0.50 {reference 2). The maximum local Mach numbers on the
wing section encountered in these tests exceeded 1.4, and this section,
when clean, had suffered from severe separation at this flight condition.
Thus, it appears possible to develop for existing high-speed eircraft,
vortex generstors which will reduce separation due to boundary-lsyer and
shock interaction and the unfavorable effects which result from such
separation. However, thé range of flight conditions for which the use
of vortex gemerators is advantegeous has not been determined.
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-~ CONCLUSIONS

Resulis of tests at small scale of elements introduced into the
region of the boumdary layer to Increase the turbulent mixing, in an
attempt to prevent seperation due to boundary-layer and shock inter-
action, are presented. Prevention of separation dus to boundary-layer
and shock Interaction up to Mach numbers ahead of the shock wave of
the order of 1.3 was possible by means of thils simple device.

Preliminary tests in flight have indicated that by the addition
of vortex generators in the boundary-layer reglon, separation may
be prevented up to maximm local Mach mmbers on the alrfoil section
of. the order of 1.k,

Lengley Aeronautlcal Iaboratory
National Advisory Commitiese for Aeromautics
Langley Alr Force Base, Va.
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Figure l.- Bketch of lifting elements used to increase turbulent mixing.
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Figure 2.- Top view of model.







Figure 3.~ Schlieren photograph of clean profile with shock at first position.
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Figure 4.- Schlieren photograph of profile having vortex generators with ehock at first position.
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Figure 5.- Comparison of profile wake surveys with and without vortex generators with shock at first
position.
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Figure 6.-

Schlieren photograph of clean profile with shock at second posgition.
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Flgure 7.~ 8chlieren photograph of profile having vortex generators wlth shock at second position.
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Figure 8.~ Comparison of profile wake surveys with and without vortex generators with shock at aecond

porition.
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Figure 9.- Schlieren photograph of clean profile with shock &t third position.
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Figure 10.~ Schlieren photograph of profile having vortex generators with shock at third position. o
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Figure 11.~ Comparison of profile wake surveys wilth and without vortex generators with shock at third

posltion.
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Figure 12.- Schlieren photograph of clean profile with shock at fourth position.
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Figure 13.- 8chlieren photograph of profile having vortex gensrators with shock at fourth position.
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Figure 1k4.- Comparison of profile weke surveys with and without vortex generators with shock at fourth
' position. by
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Figure 15.~ Comparison of the relative sizes of the viscous wakes with
and without vortex generators.
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