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SUMM ARY

Tests have been made to investigate the effectiveness of vertex
generators in alleviating the adverse effects of shock-induced boundary
layer separatron. The variation in effectiveness of a flap controcl en an
unswept wing in the transonic speed range was taken as a representative
example of such effects since 1t lends 1tself easily to simple and reliable
measurements by the free-flight technique. Most of the confagurations were
successful in improving the transonic effectiveness, although one made
matters worse. Three configurations maintained the improvement through to
supersonic speeds where generators were not expected to have g beneficial
effects The results bear nout previous findings remarkably well particularly
those of small scale tests at N.P.L. This applies to both successful and
unsuccessful confipurations.

Replaces R.A.E. Tech. lLiote No. aero. 2862 ~ 4.K.C. 24 668.
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1 INTROTUCTION

One of the distinguishing features of early flights at transonic
speeds vas the number of adverse characteristics - buffeting, loss of
control effectiveness, reduction in stability - which resulted from a
single flov phenomenon; shock-wave induced separation of the boundary layer.
A rumber of design devices have been proposed to overcome or alleviate shock~
induced separation effects, among them the use of small vanes set normal to
the appropriate surface in such a fashion that their trailing vortex system
#ould re-energise the boundary layer and thus enable 1t to withstand higher
adverse pressure gradients before separating. Early designs of these so-
celled vortex generators were based almost vholly on the process of cut and
try, there being little or no qualitative or quantitative understanding of
the mechanism underlying their operation.

In an attempt to rectify this situation the Aerodynamics Division of
the Natzonal Physical Laboratory instatuted a systematic experimental and
theoretical investigation into the behaviour of various vortex-generator
configurations and a parallel investigation was conducted at the Royal
Aircraft Estaoclishment using the free-flight technique in order to extend

ae NJP.L. work to Reynolds numbers more representative of full-scale
flighte The first configurations were chosen to check N,P.L. results on
vhat at the time seemed key points and to check that differences between
N.P.L. results and resulis obtained by the National Aeronautical
Establishment of Canada .ere due to generator design rather than scale
effect. Other configurations were added later making nine variations, all
were chosen before the development of the theoretical basis for vortex
geherators due to Pearcey1. For this reason they form an adequate rather
than ideal foundation for comparison with theory. However most of them are
suitable for comparison with N,P.L. results {Section 4).

The trensonic rolling effectiveness of flap controls on & three-winged
model was used as a standard for comparison with results from identical
models vhich had vortex generators fitted to the upper surface of the wings.,
This particuler method was chosen because it had been shown in Ref.5 that a
ving plus flap controcl of similar planform and section suffered s large loss
1n control effectiveness at transonic speeds caused by shock—wave induced
separation of the flow over the control surflace.

2 DESCRIPTION OF THE VORTEX CENERATORS AND THE METHOD OF TESTING

The design of the initizl confisurations was determined in eonsultation
with Aerodynamics Division, N.P.L. on the basis of work then in progress
which has subsequently been reported in Ref.ts As the test programme
developed additional configurations were added to investigate certain
specific points. In order to keep the number of test vehicles involved to
a manageable quantity the tests vere confined to investigating the effects
of blade spacing, blade length and direction of rotation of the vortices,
together with tuc rather special confijurations. Accordingly a1l the
generators were made the same height and thickness (1% of wing chord and
7%% blade thickness/chord retio). The blades were all flat plates of
uniform thickness, no attempt was made to give them aerofoil shapes. The
blade arrangements are 1llustrated in Table 1 which gives all the relevant
dimensions. Photographs of the actual generators mounted on a wing are
shom in Fig.3. The generators iere manufactured by machining the blades
from solxd bars leaving them mounted on a base. The strip of blades was
then mounted on the wing by embedding the base in ths wing surface leaving
only the blades protruding.

The wing chosen for the tests was unswept and untapered and had a1Ch

thick R.A.E. 102 section: the aspect ratio was 4. The wing had a fu%l span
flap (hinge line at 0.75c¢c) deflected downverds through an angle of L~., The
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generators were mounted on the upper surface of the wing at 0.5¢ (0.55¢ on
configurations 2 end 3) across the whole span. This wing flap combination
was chosen because it had been tested in the high-speed wind-tunnel at
N.P.L.D where it was shown to have very marked separation effects, causing
an almost complete loss of control effectiveness at transonic speeds.
Schlieren photographs of the flow show clearly the shock-wave causing
separation of the boundary-layer. AL the trough in the control-effectiveness
curve, the offending shock is situated between 0,7c and 0.80¢, that is
just behind the hinge line. This is of great importance when considering
the transonic effectiveness of the generators, for they are then soms

25 blade heights upstream of the shock.

Details of the wing and generator positions are illustrated in Fig.2
end a photograph of a complete test vehicle is shown in Fig.t.

Each test vehicle was of the non-separating type, i.e. the rocket
motor formed the body of the vehicle. The three wings were attached at the
rear and were equally spaced round the circumference of the tube., The nose
of the vehicle was of perspex and contained the telemetry equipment by which
the rolling motion of the vehicle was measured durang 1ts flaght,.

The rocket motor boosted the vehicle to a maximum Mach number of 1.35
in about 2 seconds after which it coasted for zbout 10 seconds before
impact, It was during this coasting period that the measurements were made.

The velocity, trajectory and the rate of roll were obtained for each
flight from radio-Doppler, kinstheodolites and the roll telemetry records.
Full detsils of these measurements are given in Ref.3.

From thas information, together with the measured roll moment of
inertiz and an estimated value of the damping 1n roll of the model® the

steady-state wing-tip helix angle %% was computed as a function of lach

number. The non-dimensional qu&ntity-%%% was chosen as the best method of

presenting the rolling effectiveness of the models, where £ 1s the angular
deflection of the flap controls. The wing-tip helix angle 15 usually less
than one degree, thus there 1s no question of flew separations caused by
incidence effects obscuring the results.

The wings vere sufficiently stiff to reduce aerocelastic effects to
negligible proportions over the Mach number range investigated.

3 RESULTS AND DISCUSSION

The rolling effectlveness,-ggé for each of the test models with vortex

generators 135 plotted- against lach numbers in Figs.4 to 12, The effective-
ness curve for the test model .-2th no gensrators 1s superimposed on each of
the figures to act as & reference level for ease of comparison.

Before considering the configurations aindividually it 1s necessary to
look briefly into the mechanism of vortex generators and the way in which
they effect shock-induced boundary-layer separation. The vanes of the
generators set at an incidence to the main stream, behave like aerofoils and
the circulation about them causes trailing vortices to be shed which are
transported across the iling in a2 roughly chordiise direction by the main
stream., These vortices are arranged to be close to the edge of the boundary-
layer and they steep &ir sith high momentum in the stream direction towards
the surface of the wing where 1t partially repleces the retarded air of the
boundery-layer which is 1in turn svept away from the surface. This process
oceurs continuously and hence the momentum of the boundary-layer air 1s
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inoreased counteracting the natural tendency of the layer to grow in
thickness owing to surface friction and adverse pressure gradients, Thus
greater adverse pressure gradients, e.g. stronger shock-waves, cen be
tolerated before separation cccurs. If separation does occur the vorticea
atill promote mixing in the detached leyer tending to accelerate reattachment
and so restrict the adverse effects associated with such a separation,

The generators were expected to improve the rolling effectiveness in
the transonic region by mitigating the shock-induced separation and most of
vhem have done this; in addition three configurations alsc made an improve-
ment &t subsonic and supersonie speeds when in the first instance no shocks
oxist and in the second, they should have moved back to the trailing~edge
region where they cannot cause separations. The "spoiler" effect and the
changes in the boundery-layer thickness due to the generators are probably
the cause of these effects away from transonic speeds. For ease of
comperison the relative merits of the variocus configurations and of the
wing without generztors are shown in Fig.13 by means of three histograms, the
farst showing the transonic effectiveness, the second the effectiveness at
supersonic speeds (M = 1.2) and the third the subsonic effectiveness
(1i = 0.8), The transonic effectiveness has been taken as the lowest level
in the renge 0.9 < M < 1.0. This range ocovers the dip in the effectiveness
curve for the wing without generetors.

The relative performance split the configurations into three groups;
Nos.1 and 2 showing ocutstanding improvements. 6 is particularly poor,
ectually reducing the transonic effectiveness, and the remainder are all
good, being two to three times better than without generators. At subsonioe
and superscnic speeds the pilctures are remarkably similar to each other,
slthough slightly different from the transonic results, configurations 1, 2
end 3 show an improvement in effectiveness whereas the others all have, if
anything, an adverse influence. Configuration 6 was again the least
effective of them 2ll., The significance of these results is discussed more
fully in sections 3.1, 3.2 and 3.3. The problem that now arises is to try
to 1t the variation in performance into a plausible physical frameworlk.
This hes been tackled by considering the flow fields associated with the
generctors as postulated by Pearcey in Ref.1 and by comparisons with
previous results reported in the same reference.

The vortex arrays produced by the generators are very much dependent
on the type of configuration, i.e. co-rotating or counter-rotating, and it
13 convenient to discuss the configurations tested in groups as follows:-

2) the co-rotating generators: configurations 5 and 6,
(3) the biplene generators of configuration 2 and the tandem row
arrangement of configuration 3.

§1i the counter-rotating generators: configurations 1, 4, 7, 8, 9,

2.1 Counter-rotating generators

ith this arrangement the array of vortices produced by the generators
does not get transported across the chord in the true stream direction since
each vortex 1s influenced by the pressure of its neighbours and the presence
of the wing surface, These influences can be considered as velocities
induced at the centre of each vortex whaich move it in a spanwise direction
across the wing and vertiecally towards or away from the wing. Jones in
Ref.k has derived equations for the motion of 2 pair of counter-rotating
vortices and hes shown that the peth traced out in the plane normal to the
free-stream direction 1s dependent only on the initial spacings end height
ebove the surface of the generator vanes. These paths ere U-shaped and a
typical one, corresponding to configurationi is shown in Fig.14. The path
of neaghbouring vortices cre the minor imoges of this path reflected in the

Y
lines T = C and'% = 0.5, The inatial movement of the vortex is dounwards
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towards the wing surface, then horizontally towards its neighbour from the
next pair, and finally very rapidly up and out of the boundary-layer
regions. As the vortex and i1ts neighbour come close together they tend to
damp one another out as well as moving away from the wing surface and so the
effectiveness is maintained only over that part of the path indicated in the
figure. Remember that as this U-shaped path is traced out in the plane
normal to the stream the vortices cre continually being carried chordiise
across the wing by the main stream. 4 typical set of palhs of the vortices
of a counter-rotating system are illustrated in Fig.15a.

The path of the vortices in the plane parallel to the stream as
perhaps more important in these tests since the generators vere all
situated at 0.5c vhereas the shock-wave causing separation of the boundary-
layer is at about 0.8¢c at the Mach number corresponding to the trough in the
effectiveness curve. Thus unless the vortices ere still lying close to the
vang surface after travelling over 0.3¢ they will not be very effective.
Unlike the path in the normal plane which was dependent only on the inmitial
spacing of the vortices, the chordwise path depends on the vortex strength,
K. Tt 1s dafficult to evaluate the vortex strength precisely and hence 1t
is also difficult to determine the path i1n the chordwise plane, odut the
effect of vortex strength and initial spacing, D, on the path can be
demonstrated qualitatively. The slope of the path in the stream.ise plane

(y = 0) 15 gaven in Ref.. by’%% = - %% F(Z,Y). Thus an increase 1n strength

K, reduces the distance hefore the vortices leave the surface, and an
increase in the initiel spacaing D increases the range, but of course also
means there are less vortices per unit span, which reduces the effective-
ness. Since the strength K is not constant, but 1s dependent on the mutual
damping of the vortices, which in turn depends on their spacing, the overall
picture 1s very complicated but these considerations do give a basis on
which comparisons of perlorrance can be made,

The vortex strength i1s initially given by the geometry of the blades
and the boundary-layer thickness. The blades in these tests wvere of
conatent height, so the erea is proportional to the length, but the aspect
ratio decreases as the blade length inecreases therefore the strength will
increase vith length rather more slowly than lineer proportionality.

One fact that emerges from this general discussion 1s the conflicting
influence of vortex strength, If the initigl vortex strength i1s too high
the vortex paths will diverge from the wing surface before reaching the
separated flow region: 1f the initial strength 1s lov their paths will
remein close to the wing surface but the degree of mixing achieved at the
shock may be too small to produce a worthwhile improvement,

If we now look at the transonic effectiveness, showm in the histogram
(Fig.13a) 1t is possible to explain some of the differences in performance,
bearing 1n mind that all five counter-rotating generator configurations
substantially amproved the effectiveness.

On this basis 1t becomes clear that configuration & which had very

closely spaced vanes, % = 2.5 would have a very short range of effectiveness

and that 1ts vortices would move out of the boundary-layer, before they
reached the shock-wave position. It glso had a low initial vortex strength
which would be reduced by viscous damping considerably because of the close
spacing. This all confirms the relatively poor performance of this
configuration.

Configurations 4 and 9 had the same blade spacing,-% = 16, but 9 had

somewhat weaker vortices, therefore it would be expected to have a rather
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longer range of effectiveness so that its vortices would be lower in the
boundary-layer at the shock position of the transonic trough and hence more
effeotive in reducing the effects of the separation. This result is

confirmed in Fig.13a. Although a large value of-% implies a long range of

effectiveness, the overall amount of vorticity will be rather low since there
will be so few vanes across the wing spen. Lach pair of vortices may well
be effective over & local part of the span, but the wide spacing may leave
large areas of the wing unaffected by vortices and they therefore show up
unfavourably compared to configuration t.

Configuration 1 has the same strength as configuration 9 but a reduced
% which would gave a rather shorter range of effectiveness but apparently
3till long enough to reach the shock position and the increased number of
vortices gives a good coverage acrosc the wing. The vortex strength seems
adequate to give good effectiveness and the overall result was excellent as
it had also been found to be in small-scale tests at N.P.L,!

Configuration 7 was similar in performance to configuration 4 and 9
although its initial spacing was like that of configuration 1. It had
smeller blades giving vortices of lower strength which should increase the
range of effectiveness, but it was shown above that the range was adequate
for~% = 10 a8 the additionel range from lower vortex strength does not
help further, rather the opposite, since the vortex strength being lower is
reflected in & reduced effectiveness. This may be affravated by the close-

)

ness of the vanes of each pair D = 8.3, (see Table 1)|which may cause a

d
high initial damping until the>'move a little farther apart. It might be
concluded that configuration 1 was the best as it was a happy medium with
regard to spacing and vortex strength since too great or too little of either
produces adverse effects.

At subsonic and supersomic speeds (Figs.13b and c) only configuration 1

improved the effectiveness, and although the inerements ixlé?bé were similar
to those transonically the percentage changes were very much smaller, being
within *15%, compared to several hundred per cent before. The changes must
be accounted for by change in the pressure distribution resulting from
changed poundary-layer thickness and from reduced static pressure between
the vortices behind the generators. There will be an opposing positive
pressure increment in front of the blades but for configuration 1, the nett
result was a gain in rolling effectiveness. The subsonic improvement is
easier to understand since conditions at the trailing edge and hence on

the under surface of the wing, can be affected by the presence of the
generators. No work at N.P.L. was done at true supersonic speeds so no
information for comparison is available.

3.2 Co-rotsting generators

The induced velocities of a co-rotating system produce & much asimpler
motion of the individual vortices. Theoretically there is no motion induced
in the vertical direction so the vortices remain at their initial height as
they traverse the wind chord. There are latersal velocities induced which
make each vortex travel on a curved path across the chord. &ll the vortices
travel on parallel paths and thus they remain at the same spacing as the
generator blades. A typical set of vortex paths for a co-rotating system
is illustrated in Fig.t15b. Without the complexity of path associated with
the counter-rotating types it is found that the most important factor in
the effectiveness of co-rotating generators is the spacing of the vanes.

If the vanes are too close together there will be damping and interference
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effects, and at the other extreme, if the blades are too widely spaced the
vortex strength per unit span will be low and so also will their effective-
2 D
nesse Earlier work has shownm that a spacing of-z = 3 is a minimum for the
establishment of a favourable vortex pattern. The optimum spacing may be
slightly larger than-% = 4, but anything less than-% = 3 would mot be
expected to produce a satisfactory pattern. The orderly array of vortices
behind co-rotating generators is not maintained at the extremities of the
generator row where the end vortex has no neighbour on one side to contirue
the balancing out of induced velocities. This causes the end vortex to
move awvay from the surface and spiral round the path of its neighbour with
a resulting loss of efficiency.

The two configurations with co-rotating systems numbers 5 and 6 which
were tested bore out previous results. Configuration 5, which had a blade
yecing :.:vjf'-?1 = 5, a little larger than the optimum, was reasonably successful
at transonic speeds elthough 1t was not as good as configuration 1. This
result reproduces remarkably well the comparison bLetween the same two
configurations in Ref.1, Fig.103., It is interesting to note here that when
tested on a smooth aerofoil, 1.e. without a deflected flap, the co-rotating

enerators show up much better being almost as good as configuration 1
Ref.1, Fig.102),

Configuration 6, with very closely spaced blades,‘% = 1.2 was

expected to show 1ittle or no improvement and in fact it reduced the rolling
effectiveness throughout the Mach number range. The close spacing produces
adverse effects similar to those of c¢losely spaced counter-rotating
generators - high viscous damping and mutual interference - so that low
energy air swept out of the boundary~layer by one vortex tends to be swept
in again by the adjacent ones.

At supersonic speeds both configurations caused reducticns in
effectiveness consistent vith their blockage effect., In fact for all
configurations cesusing a reduction in supersonic effectiveness, the
reduction could be correlated to the physicel magnitude of their blockage
effect, taken as the projected area of the blades normal to the stream
direction.

3.3 Biplane generators and tandem row generators

Biplane generators, the only example of which was configuration 2,
consist of a combination of two counter-rotating systems one being of
divergent peirs of vanes as usual, and the second set being convergent pairs
of venes. These component rows are referred to as the 4, end d, system

respectively. The paths of the vortices and hence the effectiveness of this
arrangement can be considered in terms of the induced velocities of one
system on the other. The induced velocities cause the vortices of the d1

system to move down towards the surface and those of the d2 system to move
away from the surface. The d1 system behaves just like a counter-rotating
system underneath the d.2 system. Such an arrangement gives very good mixing
in the boundary-layer as the d.,f vortices are kept lower in the layer and the
low energy air swept up by these vortices is removed further into the stream

by those of the d2 systems Configuration 2, whose d1 system &lone would

have been reasonably effective, proved to be one of the most successful
tested, both at transonic speeds and supersomic speeds., This is result
of the favourable vortex paths and possibly also because of the location of
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the blades at 0.65¢c rather than e 0,5¢, which is much closer to the shook
position at the trough of the effectiveness curve (0.75¢ - 0.8¢)s This
position for the generators was chosen because the biplans system was
expected to have only a short chordwise range of effectiveness, as & result
of inereased demping losses owing to the second set of vortices.

The idea behind tandem row generators is to recreate vorticity &t a
suiteble distance downstream of the first row when the set of vortices from
the forward row have lost their effectivensss by being damped out or having
moved avay from the boundary-layers The second row of generators in
configuration 3 consisted of wing-type generators mounted at incidence on a
central blade forming a T-gection arrangement. The front row of generators
of configuration 3 was identical with configuration 4 and their transonic
effectiveness are very similar, the tandem row one being slightly better.
4t supersonic speeds the shock has moved well aft of the second row of
generalors onto the trailing edge and the tandem,row is then very much more
effective than configuration 4. In N.P.L, tests of this configuration its
effectiveness wae as good as that of configuration 1, which i1s true of the
present tests at the higher speeds but not transcnically. However, the
earlier tests were not done on a wing with deflected flap and this has
previously been seen to meke a difference (see section 3.2}, The present
results tend to confim the theoretical conclusion that the counter-rotating
vortices of the forward row lose their effectiveness by moving out of the
boundary-layer after travelling a short distance downstream and that the
improvements in configuration % overi are due to verticity being re-created
where that from the forward row has become ineffective,

b COMPARISON BETWEEN THE FREE-FLIGHT RESULTS AND PREVIQUS RESULTS
DESCRIBED IN REF.1

Some of the configurations tested were identical with those previously
tested and reported in Ref.?1. The remainder are clossly related to earlier
configurations and comparisons can be drawn for all configurations, between
the measured eff'ectiveness in free-flight and that measured in previous
experiments., (All page numbers, Fig. numbers and Teble numbers quoted in
this seotion refer to Ref.1.

Configpuration 1

This was the same as N.P.L. configuration M.2, which was selected,
P.1296, as the most consistently successful design for a combination of
regsonable level of effectiveness end a large range of effectiveness, Thisa
is shown in Figs.102 and 103 and is well borne out by the R.A.E, tests whioch
also showed it to be one of the best tested.

Configuration 2

Apart from & slight difference in blade length this was like N.P.L.
configuretion B.3 which has been shown (Fig.103) to be slightly better than
M.2, This is consistent with the present results but some of the
effectiveness of No,2 may be accounted for by it being set on the wing at
0.65¢, which is rather nearer the offending interaction which ias thought to
be between 0.75c and 0.8c at the Mach number corresponding to the dip in
the transonic effectiveness curve,

Configuration 3

This was the N.P.L. configuration T.1, a tandem row set of generators,
which previously (Fig.102) was almost as good &3 N.P.L. Ms2 (R.4.Ee Nool)e
The present tesats confimm this et subsonic and supersonic speeds but
configuration 3 was not so good at transonic speeds. The previous tests
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were, however, made on a plain wing without deflected flap and this may be
the cause of the difference, since a similar difference between flapped and
plain wings shoved up for co-rotating generators (Figs.102 and 103).

Configuration 4

This is configuration 3 without the second row of generators and has
also been tested at N.P,L., though the results are not given in Ref.1. It
was a little inferior to the tandem row at transonic speeds which is in
agreement with the N.P.L. results. The stronger vortices of this configuration
over those of No.1 reduce the chordwise range of effectiveness and, together
with the rather reduced number of vortices leaving areas of the wing
unaffected, accounts for the rather inferior performance.

Configuration §

There was no exaot N.P.L. equivalent but it is similar to C1 and CA’
with which the present yresults agree remarkably well. C1 and Ch were not

so good as ¥.2 on a deflected flap but were as good on a plain aerofoil.

Configuration 6

Although a similar configuration has not been tested, experimental
work reported in Ref.? has shown that the blade spacing is well below the
minimun for establishing @ satisfactory vortex pattern. The reduced
effectiveness throughout the Magh number range was to be axpected and this
configuration has confirwed previous evidence on too closely spaced
generators,

Configurations 8

No similar oonfigurations have been tested previously but their
performances can be understood by considering the vortex paths.

Configuration 7 has rather weak vortices initially and they may be
further reduced in strength by high viscous dissipation at first; their
subsequent paths should be favourable but their low strength can only give
average effectiveness.

Configuration B has very closely spaced peirs of venes which results
in the vortices leaving the surface of the wing before they have been
oarried far across the chord and this gives a low effectiveness.

Configuration 9, like No.4, has rather toc few vortices, and despite
the expected good performance of them, probably leaves areas of the wing
unaffected by the vortex mixing and gives only & moderate performance.

5 CONCLUSIONS

Nine vortex-generator configurations have been tested in free~flight,
The improvement in rolling effectiveness of a flap control on an unswept
wing fitted with generators over that of a similar wing without generators
has been taken as a measure of the efficiency of the configurations in
alleviating the effects of shock-induced boundary-layer separation.

All but one of the configurations produced some improvement in
transonic control effectiveness, the best of them almost completely
eliminating the loss in effectiveness caused by the separation. Three of
the configurations also improved control effectiveness at subsonic and
supersonic speeds.
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An gnalysis of the paths traced out by the vortices provides some
insight into the relative merits of the vearious configuretions, Unfortunately
these comparisons are not completely valid because the theory desoribing the
paths does not wholly sccount for the effect of vortex strength and path
shape and hence fails to indiocate the influence of vortex height at the
shock position downstream of the generators.

A comparison of the present results with earlier tunnel tests made by
N.P.L.! has been made and good qualitative agreement between them exists.

LIST OF SYMBOLS

b = diameter of the ocircle which circumsoribes the three wing tips - £t
¢ = wing chord
d = distance between vanes of co-rotating generators, or between vanes of

a pair of counter-rotating generators

:;} = distances defining the biplane generators as shown in Table 1
D = distance between pairs of vanes of counter-rotating generators
h = vane height
K = vortex strength
1l = vane length
M = Mach number
P = rate of roll - degrees/sec
V = free-stream veloocity - £t/sec
X = chordwise co-ordinate
. - i with origin at the mid-point between the vanes
Y = spanwise co-ordinate of a pair of counter-rotating gensrators on
ED LA the wing surface
Z = vertical:co=ordinate
o =Lin§fdpnq§;o? vane to free-stream direction - degrees
£ = control “déflection - degrees
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A.R.C. C.P. No. 729

FREE-FLIGHT TESTS OF VORTEX GENEBATOR CONFIGURATIONS AT
TRANSONIC SPEEDS. Edwards, J.B.W. December, 1982,

Tests have Deen made to Investlgate the effectlveness of vortex
generators 1n alleviating the adverse effects of shock-induced boundry-
layer separation., The varjation in effectiveness of a flap control oh an
unswept wing 1n the transonlc speed range was taken as a representative
example of such effects since 1t lends itsel! easily to simple and reliable
measurements by the free-flight technique. Most of the configurations were
successful in improving the transonic effectiveness, although one made
matters worse. Three configurations maintained the Improvement through to
superscnlc speeds where geheraters were not expected te have & beneficial
effect. The results bear out previous findings remarkably well particularly
those of small scale tests at N.P.L. This applies to both successful and
unsuccessful conflgurationas.

T

A RC. C.P. No. 729 533, 694,73 ¢
533, 6.011, 3%
532. 526.5

FREE~FLIGHT TESTS OF VORTEX GENERATOR CONFIGURATIONS AT 532, 694. 2

TRANSONIC SPEEDS. Edwards, J.B W December, 1962 533.6.013, 16

Tests have beer made Lo Investigate Lhe effectlveness of voriex
generators in alleviating the adverse effects of shock-induced boundry-
layer separatlion. The varlation in effectiveness of & flap control on an
unswept wing In the transcnic speed range was taken as a representative
example of such effects since 1t lends 1itself easily to simple and rellable
measurements by the free-flight technigue Most of the configurations aere
successful in Improving the transonic effectlveness, althougr one made
matters worse Three configurations maintained the Impioverent through to
supeisonlic speeds wnere generators were not expected to have & Deneficial
effect. The results bear out previous findings remarxably well partlcularly
those of small scale tests af N.P L. This applies to both successful and
unsuccessful configurations

AR.C. C.P. No. 729 533. 694.73
533. 6. 011,35
532 526.5

FREE~FLIGHT TESTS OF VORTEX GENERATOR CONFIGURATICNS AT 533, 604.2 *

TRANSONIC SPEEDS  Edwards, J.B.w  December, 1662 523 6.013 16

Tests have been made to 1lpvestlgate the effectliveness of vortex
generators in alleviating tne adverse effects of shock-inducea boundry-
layer separation. The variation In effectiveness of & flap contirol cn an
unswept wing in the transonic speed range was taken as a representative
example of such effects since 1t lends 1tself easily to simple and rellable
measurements by the free-flight technigue, Mest of the conliguratlons were
successful 1in improving the transonlc effectiveness, althocugh one mace
matters worse. Three configuratlons malntained the imprevement through te
supersonic speeds where generators were not expected te have a beneflcial
effect Tne results bear out previous findings remarkably well particularly
those of small scale tests at NP L This applies tg both successful and
unsuccessful configuratlions.
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