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SUMMARY

The positions of the centres of the leading-edge vortices above four
slender wings have been located at several angles of incidence using a Kiel
tube probe, and measured using a mutual inductance method of distance
measurement. This method was developed for use in this experiment to provide
accurate inflormation about the position of a probe in the flow field by
measuring the mutual inductances between a coil on the prcbe and two coils
fixed in the wing. The method enabled changes in the probe's position of
0+002 inch to be detected and measured without touching the probe itself or
disturbing the flow field round it, and it 1s capable of being developed to

give even greater accuracy.

The variation with incidence of the positions of the centres of the
vortices above four slender wings whose rhombic cross-sections have leading~edge
angles of n/6, n/3, n/2 and 2x/3 have been determined and are presented in this
report. The results show how the development with incidence of the leading-edge

vortices above such wings is affected by the size of the edge angle of the wings'

cross-sections.

“*Replaces R.,A.L, Tech., Report Nc.66068 - A,R.C,28153
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1 INTRODUCTION

A characteristic and dominant feature of the flow field round a slender
wing at incidence is the pair of vortices which is formed above such a wing by
the rolling-up of vortex sheets originating at the leading ¢dges. Despite many
theoretical and experimental studies, the structure, properties and development
of those vortices are not yet fully understood and there exists no relisble
method of predicting either tho development of the vortices above a slendor
wing or their offect on its characteristics. However, Maskell has produced a
dimileraty theory® which enables the development of tho conical flow field round
a whole class of slender wings to be predicted, provided that the development of
the field round one member of theo class has been determined. Theo theory postu-
lates that close to the leading edge of a zlender wing at small incidence the
velocity field is dependent in form on the edge angle of the wing's cross-section
and on a goneralized incidence paramcter, and in magnitude on a scaling factor.
The scaling factor end the incidenco parameter are both functions of the geo-
metrical incidence, tho aspect ratio and the cross-sectional shape of the wing,
and both can be celculated once tho conformal transformation of the wing's
cross-section into a circle is known. If the theory is correct, it 1s possible
to relate the characteristic features, such as the variatios with incidence of
the position of the leading-edge vortex, of the conical flow fields round two
wings with the same edge angle but different cross-sectional shapes.

A programme of tosts is in progress at the R,A.E, at Farnborough
particularly to test the validity of this theory, and slso to study more
genorally the development of tho vortices above a glonder wing and their effoot
on its characteristics in subsonic conical flow. To do this, new experimental
tochniques have had to be evolvod to measure accurately the positions of the
leading-edge vortices and the normal forces associated with them. The techniques
used to measurc the normal forces and the results obtained from tests on a serios
of four slender wings with rhombic cross-sections have beon discussed in an earlier
reportz. The present rcport describes the apparétus and method used to measure
the positions of the centres of the leading-edge vorticos (sections 2 and 3) and
presents in the results of tests on the same serics of wings(section 4) whose
rhombic cross-scctions arc shown in Fig.1. Other series of wings with different
dihodrzl angles are being tostoed, using the technigues described horein and in
Ref.2, to determine the validity of tho similarity theory, and the resulis of

¥*The ldcas from which this theory wans developed wore first prosented1 at the
10th International Congross of Applied Mechanics at Stresa in 1960.



these tests will be the subject of further reports. All the wings are desig-
nated by the edge angle of their cross-sections and the dihedral of the
bisaector of the edge angle, e.g. %/O refers to a wing of edge angle % and
zero dihedral. The wings were made of glasscloth and araldite as described
an Ref.2 and were tested at a wind speed of 120 fps in the 4 ft x 3 £t low-

turbulence wind-tunnel at Farmborough.

2 LOCATION OF THE LEADING-LDGE VORTEX

2.1 Pitot probe

The structure and propertics of tne leading-edge vortices formed above a
slender wing at incidence have been closely studied by Earnshawj and others,
and it has been found that the centres of these vortices are characterised
by low total pressure, low static pressure and high velocity. Earnshaw used
a Conrad F-tube yawmeter for his investigations and demonstrated that its
readings yielded comprehensive and reliable anformation about the central
region of the vortex. However, because the purpose of this experiment was to
locate rather than to study tho vortex centre end because the wings used were
considerably smaller than Barnshaw's, it was decided that the yawmeter might
introduce unacceptably large disturbances into the flow, and that it would be
better to use a smeller, simpler probe. An attempt was made to locate the
position of the centre of the vortex by using e pitot tube, 1 mm in diameter
and aligned parallel to the wing's axis, to search for the position of minimum
total pressure. Howover, it was found that because of the high circumferential
velocities close to the vortex cenire the values of total pressure measured by
the pitot tuwbo wore spuriously low and completely obscured the total pressure
drop at the vortex centre. It was thereforec necessary to use a pitot tubo
which was inscnsitive to yaw, 1.e. a shrouded pitot tube, whose devclopment is

ocutlined below.

If the angle between the axis of an ordinary pitot tube and the direction
of the airflow cxceeds a few degrees, the total pressure measured by the tube
will be in error by an amount dependent on the ratio of the bore of the tube
to its external diasmeter and on the geometry of its tiph. However, the
influence of yaw on the total pressure measurcd can be greatly reduced by
fitting to the tube a venturil attachment fairst proposed by K:Lel5 in 1935,
Since then his design has been 1mproved6’7 and the total prossure measured by
the latest types is almost completely insensitive to angles of yaw of up to
60 deg. In this experiment it was not practical to use the best available
design because of the difficulties in making & shrouded pitot tube, or Kiel



tube, sufficiently small, so a rather simpler design, shown in Fig.2(a), was
used. The calibration given an Flg.z(b) showed that the total pressure measured
by the tube of this design was virtually unaffected by angles of yaw of up to

35 deg.

The pitot pressures were measured on a sloping alcohol manometer whose
inclination was adjusted at each incidence to maximise the manometer reading of

the total pressure drop at the vortex centre.

2.2 Travorsing apparatus

The traversing apparatus used to move the Kiel tube through the vortex
was mounted on the sting bar behind the wing; this is better than mounting it
on one of the wind-tunnel walls because, in the latter case, both the apparatus
itself and the necessary movement of the probe relative to the mounting would
be much larger. Fig.3 shows the traversing apparatus mounted in position behind
wing %Vb. Prom the square strut fixed to the sting bar, a long shaft paraliel
to the wing's centre line extended forward past the mid-chord point of the wing.
On the end of this shaft, and fitted perpendicular to it, was a short strut on
tho outer end of which the Kiel tube was mounted. This strut and the lung shaft
could be rotated by an clectric motor to alter the position of the probe while
the wind~tunnel was running; if the desared position could not be attained in
this way the wind-tunnel was stopped and the distance of the shaft from the
centre line of the wing and the orientation of the squarc strut were adjusted

manually.

The shaft was driven through rcduction gearing by a serzes D.C. electric
motor dcsigned to run at 5000 rpm with an input voltage of 24 volts. When the
motor was running at this speed the gearing reduced the rotational speed of the
shaft to 035 rpm. It was found that the motor would operate satisfactorily with
reduced input voltage, so for fine adjustmont of the Kiel tube's position the
input voltage was reduced to give a shaft rotational speed of less than 0+10 rpm
corresponding to a probe specd of about 0-Q4 in/sec. The motor was controlied
by a morse key in series with the input voltage supply and it was thercfore
possible te run the motor for very short periods of time (i.e. fractions of a

second) and hence achieve precise adjustment of the pitot probe's position.

The lengths of the shaft and the probe were deotermined by the necessity
that the tip of the Kiel tube probe should be in a plare where the flow was

conical and wherc the scale of the vortex was as large as possible. It had



already been esta‘blished2 that the flow over the front half of each of the
wings was conical® and laminar et the wind speed of 120 fps used for these
tests, and hence that the positions of the leading-edge vortices above the
front halves of the different wings could ugefully be compared. The shaf't
and the probe were therefore made so that the tip of the probe moved in a
plane located 45% of the wing's rooct chord af't of its apex.

2.3 Vortex-locating technigue

The approximate position of the vortex was found by inserting a filament
of a feather into the wind-tunnel to provide a starting point from the search
for the vortex centre using the Kiel tube probe. The technique used to locate
the vortices is described below and is illustrated in Figel which shows a
typical set of results. The position of the motor mounting on the square
strut was first adjusted so that, when the shaft was rotated, the probe would
pass through the estimated position of the vortex. After the specd of the
airstream in the wind-tunnel had becn adjusted, the shaft was roteted so that
the pitot probe passed through the vortex and stopped when the probe was
measuring its minimum value of totol pressure. This total pressure was
rocorded and the probe's position measured es described in scotion 3. Then
the motor mounting was moved about 0+Oi inch along the square strut so that
the searching probe followed a slightly different track when the ghaft was
rotated, and the same process was repeated. When the values of the minimum
total pressure on thres or more tracks had been found and their positions
measured, the position of the vortex centre could be estimated provided that
the tracks passed on different sides of the vortex centre and that the
vortex's total pressure contours wers not excessively asymmeiric. The measured
values of the minimum total pressure on each of the tracks were plotted against
the coordinates, slong and perpendicular to the wing's surface, of the point
at which the pressure was measured. On each of the graphs a straight line was
drawn between the points corresponding to the largest and smallest values of
total pressure and & second line was drawn from the other point perpendicular
to the total pressure axis to intersect the first line. The mid-point of this
second line has then spproximately the same coordinate as the vortex centre.

At each incidence this process was used to find the vortex centre's coordinates
from the measured positions of the minimum values of total pressure on three
or more tracks. It is clear that, if the tracks are sufficiently close

together, the position of the vortex centre can be estimated with an accuracy

#*In earlier tests to investigate the amerodynamic forces associated with conical
flow, the force on only the front half of a wing was measured; the front half
was mounted on a strain-gauge balance and separated from the rear part by a
narrow spanwise gap. During the tests described in this report the gap was
sealed with tape.



only slightly less than that of the measurement of the position of the minimum
total pressure on the different tracks.

When using a pitot probe to investigate the flow in a vortex, the
possibility that the probe disturbs the vortex and consequently yields mis-
leading results cannot entirely be discounted. However, the results of pitot
probe investigations have besn verified by Cox8 and Earnshaw9 using different
techniques, neither of which introduce obstruction into the flow. This suggests
that only negligible errors are introduced into the results discussed in
section 4 below by probe~induced disturbances of the flow in the vortex.

3 MEASUREMENT OF THE PROBE'S POSITION

¥hen using & probe to investigete the flow round e wing, it is importan%
to know the location of the probe relative to the wing, but 1t is generally
difficult to determine this efcctu'ately. Hitherto, the deflections of the probe
due to the aserodynamic loads on them have often been neglected, or minimised by
using stiff wing mountings and traversing apparatus. The letter course may lead
to unascceptable disturbance of the flow, while the fommer may appreciably reduce
the accuracy of the results., To avoid both these undesirable courses, it was
decided that in this exporiment the position of the probe relative to the wing
should be measured while the wind-tunnel was running. A method of measuring
the probe's position by using the phenomenon of mutual inductance was therefore

developed end its more important features are described below.

When the electric current passing through a coil changes, the magnetic
field of the coil alters. If another coil is located in the magnotic field so
that some of the mognetic lines of force pass through it, a voltage will be
induced across its terminals. If the two coils are parallel and remain abreast,
then the alternating voltage across the terminals of one of thom, induced by a
steady alternating current of conatant frequency passing through the other, is
a function only of the perpendicular distance between the coils. The position
of a coil in two~dimensional space can therefore be found by passing an alter-
nating current through it and measuring the alternating voltgges thus induced

in two other coils whose positions arce knowmn.

In the tests described in this rcport, a coil of copper wire was wound on
the Kiel tube probe and two other coils were fixed in the wing as shown in Fig.b
so that the position of the probe could be found by measuring the voltages
induced in the two fixed coils. During the development of the measuring sys tem
its performance was considerably improved, as described in the Appendix, and it

proved possible to detect and measure changes in the position of the probe of as



little as 0*002 inch, i.e. 00007 of the local semi-span of the wing, when 1t
was operating at its maxamum distance of 3 inches from the wing's surface.

In the course of the tests on the wings whose cross-sections are shown in
Fig.1, it was found by monitorang the voltages in the fixed coils that the
aercdynamic deflection of the probe relative to the wing was less than

0-005 inch, i.e. negligibly smell. It was therefore not essential to use

the mutual inductance method to measure the actual position of the probe so,
%o avoid the nced for a tedious calibration of the mutual inductance of the
coils, the mutusl inductance method was used only to ascertein that the
aerodynamic deflection of the probe relative to the wing was always negligibly
small and the probe's position was measured as described below after the wind-
tunnel had been stopped. More information on the mutual inductance method of
distance measurcment is given in the Appendix, which includes a summary of the
relevant theory, a description of the coils and circuits used and some

*
comments on the possible improvements and future applications of the method.

Even after the wind~tunnel had been stopped, the accurate measurement
of the position of the Kiel tube probe was not completely straightforward
because the tip of the probe was very fragile and might easily be damaged if
it were touched by & metal measuring deviece such as a rule or calipers.
Consequently a simple measuring technique was developed to avoid the danger
of damaging the probe and this technigue, which is described below, proved
te be safe, quick and asccurate., A metal framework supporting a diaphram of
tracing paper was set on the wing's surface, perpendicular to it and to the
vertical plane of symmetry of the wing, and moved until the tracing paper
touched the tip of the Kiel tube as shown in Fig.6. The paper was then
pricked with & needle so that the hole corresponded with the centre of the
X1el tube. Throughout the measuring process the mutual inductances of the
coils were checked to ensure that the probe's position was not altered by
contact with the tracing paper. The framework was then taken out of the wind-
tunnel and the pesition of the hole in the tracing paper was measured as

accurately as possible.

A check on the accuracy of this mecthod of locating a point of minimum
total pressure and measuring its position is provided by the fact that the
positions measured should lie on a straight line through the vortex centre.

An error in locating a point or measuring its position is immediately apparent
and the errant position can be checked. It 1s unlikely that the cumulative
error in the estimated position of the vortex centre exceeds 0<01 inch

i.e. 0+003 of the local semi~-span.



L DISCUSSION OF RESULTS

The positions of the leading-edge vortices above each of the wings were
located and measured over a range of incidence whose upper bound was formed by
the nced to avoid significant vortex interaction or wind-tunnel wall constraint
and whose lower bound was reached when the characteristic total pressure drop at
the vortex centre was obscured by the total pressure loss in the wing's boundary
layer. This lower bound was found to occur at lower incidences for wings with
small leading-edge angles than for wings with large ones, ©.g8. it was possible
to dofine the vortex centre sbove Wlng 6/O at an incidence of 3 deg. but not
possible to locate that above wing ~ﬁ/0 below 10 deg. Below this lower bound
it is virtually impossible to deflne the path traced by the vortex, but a close
approximation to the path at very low incidences may be obtained by drawing a
curve through the leading cdge and the vortex centre positions measured at

higher incidences.

The positions of the vortex centres above each wing were plotted in Fig.7
relative to the bisector of the edge angle and the line perpendicular to it
through the leading-edge. The non-dimensional coordinates, £ and 1, of the
position of the vortex centre relative to those axes are the same as those used
by Maskell1 in his similarity thcory for leading-cdge vortices. Fig.7 shows
that, as the edge angle of the cross—scction decrecases, the path traced by the
leading-edge vortex as the wing's incidence is varied tends to become more
curved, i.e. farther from the wing's surface at high incidences and more

tangential to it at low incidences.

Slender body theory suggests that the positions of the centres of leading-
edge vortices above slender wings of different aspect~ratioc can best be related
by plotting the positions against /K, where K 1s the cotangent of the leading-
cdge sweep angle. The positions of the vortex centres above the wings tested
at chogen values of o/K were found by interpolation and plotted in Fig.8. It is
clear that as the edge angle is reduced from % while /K is kept constant the
leading-edge vortex moves in a curved path, initielly perpendicular to the line
bisecting the edge angle and then curving inboard. The vortex attains its

maximum distance from the bisecting line when the edge angle approximately
equals /3.

Unfortunately, among the many recent investigations of the flow field above
slender wings, it wog not possible to find any results directly comparable with
those described above. The wings used for the other tests were either non-coniecal

or the vortex centres' positions were measurcd in the region of non-conical flow
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near the trailing edge. However, the results of an investigation by Fink and
Teat:,rlf.a:r"]0 can be used to give an approximate lndication of the positions of
the leading-edge vortices above a slender conical wing whose rhombic cross-
section has an edge angle of 4°75 degrees. The wing used for this investiga~
tion was of aspect~ratio 0+705; its upper surface was flat and its lower
surface had a constant chamfer parallel to the leading~edge. Tho cross-
sectional shape of the wing in the plane where the vortex positions were
measured is shown in Fig.9 (section a) but, since most of the wing forward of
this plane has a triangular cross-section, it is not unreasonable to assume
that the vortex positions measured are very similsr to those associated with
the flow field round a conical wing of triangular cross—section {section b).
Maskell's similarity theoryﬁ suggests that a change of a few degrees in the
anhedral of the edge angle's biscctor would not greatly affect the positions
of the vortices relative to the &, m axes, and therefore the positions of
the vortices formed at a given incidence asbove wings with the cross-sections
shom in Fig.9 (sections b and ¢) are very similar. So, by interpolation
from the results plotted in Fig.9, it is interesting to cbtain approximate
positicns of the vortices formed above a wing 0°026 #/0 and to plot them in
Fig.8. The vortex positions thus obtained lie outside the pattern of the
vortex positions found by the methods presented in this report, but tend to

support tho conclusions which can be drawn from it.

5 CONCLUDING REMARKS

An accurate method of measuring the positions of the centres of the
leading=edge vortices which are an important feature of the flow round sharp-
e¢dged slender wings has been developed. This method has been used to determine
the effect of the leading~edge anglo of a wing with a rhombic cross-section
on the positions of the vortices above it. The results show how the shape of
the path traced by the vortex centre as the incidence of & wing is increased
depends on the size of the wing's leading-odge angle and how, at a given value
of incidence, the vortex moves inboard as the sizo of the leading-edge angle

is reduced.
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Appendix
THE MUTUAL INDUCTANCED METHOD OF DISTANCE MEASUREMENT

(1) Mutual inductance

The method of finding tho distance between a pair of coils by measuring
their mutual inductance, and the ways in which the efficiency of the method can
be improved, arc best studied by examining the performance of an imperfectly
coupled transformer whose equivalent circuit is shown in Fig.10. The equations

relating the voltage, current and impedence of the two circuits are

o
t

i1(r1+R1+ij1) -12 JoM 1
J’ (1)
V2 = i2r2 = —1§R2+3wLQ fi13wM

vhere V,, r, are the open-circuit voltage (at frequency w/2r} and the internal
resistance of the oscillator, Ty, Vé are the internal resistance of the voltmeter

and the voltage across it, R1, RZ’ L1 and L2 are the resistancos and self induc=-

tances of the two coils, i1, 12 are the currents-in the coils and M is their
mutual inductance. Hence
v (r. + R, + 50D, )(r, +R. +j0l) + 0> M2
1 1 1 1 2 2 :
v, * joM r - ()
2 2

To obtain the greatest possible output voltage, and thus the greatest
sensitivity, the resistances and reactances of the coils should be chosen to
minimise V&/Vz. If, as is generally the case, & high-input-impedance voltmeter

is used, then r, may be considered to be infinite and equation (2) may be

2
written
El ~ ry + R1 + JtDL1 . 3)
V2 a jwM ’

Since M is equal to kVL1L2, where k 1s a coupling factor dependent on the

relative position and oricntation of the coils, it is obvious that V1/V2 can

be decreased by incréasing k or L2. Also
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2 2 2.2
-Vi ) (r1+R1) + W L1
v = 2.2
2 w k _L,| L2
therefore
2 T2
a |a _.3_{1_@1..1_?1)}
a, 1V, K2 L, @l
therefore
2 2
Jii- zi = + Effi;iﬁll—- ()
2 11V - 2.2 3 *
dL1 2 w k L2 L1

Hence the voltage transfer of the circuit 1s greatest when coL1 =Ty + R_] and

there is no advantage in meking wL1 larger than this value.

‘The results of this simple analysis should not be applied indiseriminately,
since it depends on the not unreasonoble assumption that r, is very large com- ,
pared with both |R2 + jan2| and wM. A more rigorous and complex analysis was
not considered to be justified bocause the design of the coils and circuits for
future experiments is more likely to be determined by the conditions of the
experiment and the availability of electrical equipment than by exact optimiza-

i

tion of the cirecuit. , -

To detormine whether the mutual ihductance method can be used effectively
in any particular experiment, 2t is useful to estimate the coupling factor k
of the coils using the formula

k = Fria &, - (5)

wnere F end { are functions of the distance between the coils and their radii
&, and a2. The functions F and £ have been calculated and tabulated for a wide
range of coil separations .and size311.

(2) Coils and circuit

Since the above anclysis showed that it was more important to have a high
self inductance in the receiving (secondary circuit) coils, it was decided to
put the emitting (primery circuit) coil on the Kiel tube probe (sce Fig.11)
rather than inside the wing becauses the cross-sectional area and, consequently
the self inductance of this coll is restricted by the need to avoid excessive
disturbance of the flow. The emitting coil was formed by winding about 500
turns of 38 swg copper wire round the probe; the choice of this gouge of wire
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was determined by the necessity of having a sufficient number of turns to give
adequate coupling between the emitting coil on the probe and the receiving coils
in the wing, without having the wire so thin that heating effects become signifi-
cant or so thick that the coil becomes large enough to disturb the flow at the
tip of the probe. The Kiel tube had becn made of a silver steel of low permea-
bility before the mutual inductance method was proposed and it was found that
the performance of the emitting coil was considerably improved by increasing

the effective permeability of the core by wrapping some steel foil 0+001 inch
thack round the Kiel tube before winding the coil on it. In the course of the
experiment 1t was found necessary to ensure a good connection between the Kiel
tube probe and carth because the intermittent connectaon across the bearings

of the shaft led to an irregular variation of the voltage induced in a receiving

coil as the probe was moved.

The two receiving coxls fixed inside the wing needed to have a high
impedance yet be small anough to fit inside it; two suitable coils were
obtained by dismantling & discarded relay. These coils were mounted on ¢ fibre-
glass framework which was designed to fit on to blocks of fibreglass fixed in
each of the wings. During the tests it was found that the performance of the
system was improved if the alternaling induced wvoltages in the receiving coils
wore measured successively and the coil whose voltage was not being measured

was short-circuited.

To measurc accurately the voltage induced across the receiving coils
requires that the signal be amplified and rectified, preferably in that order.
It was found that o standard A.C. valve voltmeter was morc suitable than a
digital direct-current voltmeter with a sceparate rectifier in series, To
increase the accuracy with which small changes in the voltagos across the
receiving coils could be measured, this voltage was balanced against a standerd
voltage supplied by an appropriate number of batteries, end the difference
between the voltages measured on & high-sensitivity scale of the voltmeter.
This type of voltmeter is constructed so that it is subject to error if either
the induced voltage or the balancing veltage excecd a certain critical value;
so it was necessary, whon the emitting and receiving coils were close together,
to insert o resistance in series with the roceiving coils. A multichange
switch in the circuit served simultancously to connect one of the receiving
coils to the voltmeter, to comnect the appropriate balancing voltage from the
battories and to short-circuit the other receiving coil. The cutput voltiage of
the oscillator was set at a frequoncy of 1:84 kc¢/s and was monitored throughout

the experiment.
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(3) Improvement and future spplication

While the experimental accuracy and operating range of the present
oircuit and coils are adequate for the location of vortices, there are several
ways in which the performance of the system can be improved if nscessary. A
significent increase in the operating efficiency can be achieved if, for

example, capacitors of capacity C = _ET-LLEZE are connected in parallel across
R +w '

both the primary and secondary coils., Using more sophisticated oscillator and
voltage measuring equipment, the accuracy which can be achieved is limited only
by the experimental conditions.

Besides measuring the position of pressure probes ete. in conditions
where the probe position needs to be measured with unusual accuracy and aero-
dynamic deflections may be appreciable, there are numerous other cases in
which the mutual inductance method of distance measurement offers a distinct
improvement over methods currently in use. The method can be used to measure
the gap betweon components of a model under test when the exact width of the
gop has a criticeal influence on the flow, e.g. in sfbt and flap configurations
yielding high-lif't, to detect extremely small distortion of models during
experiments, or to provide acecurate information on the position of an
oscillating body. The mutusl inductance method has the inherent disadvantage
that its performence is significantly reduced in the presence of any conducting
material due to eddy current genoration. This limits its usefulness, in the
field of wind-tunnel model testing, to ceses where the models are made of an
insulating material such as wood or fibreglass. Furthermore the accuracy of
the method can be reduced by fluctuations in the power of neighbouring electri-
cal cquipment which must be switched off while the induced voltages are being
measured. Despite these disadvantages, the essential simplicity oand accuracy
of the mutual inductance method of distence measurement may well entail its

future application in many fields of scientific investigations.



Table 1

Vortex positions (measure@l

Distance Distance
K ol @ perpendicular along E n
to surface surface
0.2 3 549 0144 0+540 01576 | 0-0908
5 541 0-295 04755 0+2126 | 0:1562
10 |10+3 0634 1+038 02731 | 0-2868
15 155 0917 1233 0°3105 | 03923
0.2 5 5+1 0+236 0+688 0155 0-178
10 {10+3 0+4.95 1069 0-220 0312
15 1154 0-752 14349 0-257 0429
02 5 54 04165 0482 0+0727 | 01486
10 {102 0+306 0-868 0+1288 | 0°2692
15 11543 0-496 14227 0+1677 | 0+395
01151 10 {101 0169 Q+673 0+107 Q375
15 152 0-225 1010 0174 0-55,




Table 2

Variation of vortex positions at constont values of o/k

W3 Q.
Wing K g g n

%@ 02 0:25 | 0147 | 0+085
0:50 | 0+222 | 0172
0:75 | 0257 | 0-21,2
1+00 | 0°280 | 0+308
1.25 | 0-302 | 0-268
—'_’,’E/o 02 0:25 | 04103 | 0-106
0-50 | 0+16k | 0°195

0+75 | 0°202 | 0-271
100 | 0:229 | 0-339
1.25 | 0250 | O-L0%
%/o 02 0+25 | 0°04t | 0089
0+50 | 0-080 | 0-161
075 | 0+144 | 0-232

1.00 | 0°139 { 0°30
125 | 0160 | 0-369

%%/o 0+115 | 0+25 | 0°019 | 0+061
0+50 | 0037 | 0120
0:7% | 0+052 | 0-180
1:00 | 0-071 | 0+243
1.25 | 0-090 | 0-305

0-026 %/0}| 0176 | 0-25 | 0+215 | 0+071
(Ref.10) 0+50 | 0-27 0+132
~ 0:75 { 0+29, | 0183
1.00 | 0311 | 0+235
| 1425 | 0-325 | 0-285
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SYMBOLS

aspect ratio

radii of coeills

capacity

coupling factors

total pressufe

current

cot A

self inductance

mutual inductance

free stream dynamic pressure
resistance

oscillators internal resistance
voltmeters internal resistance
semi-span

open~circuit oscillator vdltage

voltage measured by volimeter

spanwise distance from wings plane of symmetry

vertical distance perpendicular to the wings flat upper surface

incidence of wing's axis of symmetry

leading edge sweep angle

coordinates, non~dimensicnalized with respect to the local
semi-span, measured parallpl to and perpendigular to the

edge angle bisector

2n (oseillator frequency)
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FIG.8 POSITIONS OF THE VORTEX CENTRE
AT CONSTANT o /k
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probe 1tself or disturbing the flow fleld round it, and it 18 capable of
being developed to give even greater accuracy.

The variation with incidence of the poslitions of the centres of the
vortices above four slender wings whose rhombic cross-sections have
leadlng-edge angles of /6, M/3, TW/2 and 27U/3 have been determined and
are presented fn this report, The results show how the development with
Incidence of the leading-edge vortices above such wings is affected by
tne size of Tne edge angle of the wings' cross-sectlions,

probe itself or disturbing the flow fleld round it, and 1t i1s capable of
being developed to pive even grealter accuracy.

The variation with incidence of the positions of the centres of the
vortices above four slender wings whose rhombic cross-sections have
leading-edge angles of &/6, 7/3, ”/2 and 27¢3 have been determined and
are presented in this report. The results show how the development with
incidence of the leading-edge vortices above such wings Is affected by
the size of the edge angle of the wings! cross—-sectlions,

probe itself or disturbing the flow field round 1t, and It §s capable of
being developed to give even greater accuracy.

The variation with incidence of the positions of the centres of the
vortices above four slender wings whose rhomblic cross-sections have
leading-edge angles of /6, /3, W2 and 2/3 have been determined and
are presenCed in this report. The results show how the develoment with
incldence of the leading-edge vortices above such wings is affected by
the size of the edge angle of the wings! cross-sections.
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