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Summary

The nced for low airswpeed measurenent in helicopter flight test work
has led to the development, at a. & ».2.5,, of a low airspeed indicator
designed to function within the rotor downwash. The instrumcnt messurcs the
magnitude and direction of' the resultant flow beneath tne rotor and resolves
the horizontal component, this componcnt beimg approximately equal to the
forwerd speed of tlie helicopter. Resulis of calibration flighta are shown
for level flight, climb and descent.

During, o limited asscssment the instrument functioned satisfactorily at
forward speeds down to zero, but handling limitations of the helicopter
prevented stecady docents boing mode at forrd speeds below about 5-7 knots.

Previously issued as AAFE/Res/300 = A.R,C.20,946
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1 Introduction

The need for an accurate indication of low airspceds hes long been
apparent in helicopter [light test work where measurements are frequently
required in hovering or at low speeds. Such un instrument may also prove
to be of operational valuec in pernitting techniques not considered practical
at present,

Though satisfactory wbove 20 knots the conventional fixed pitot-static
system 1s inadequate below this speed since the pressure difference is too
small to be detected by normal airspeecd indicators, and the rotor dowmiesh
affects the indication, producing large position errors. Several scnsitive
devices have been tricd on helicopters teo measure these low forward speeds
but in all cases at 4, & A E.E. the downwash affected the indiocation to such
an extent as to mslee it unusable.

The conclusion was reached that a satisfactory device would have to
take full account of the rotor downwash and on idea from Dr, Cheescman led
to the development of a horizontcl airspeed indicator deseribed herein,

2. Prineciple of operation

The instrument s designed to measurc the magnitude and direction of
the zirspeed at a point under the rotor and to compute the horizontal
component of this velocity, which, in unaccelerated flight, is shown to be
approximately ithc same as the horizontal airspeed of the helicopter.

ir Vﬁ = horizontal compeonent of the resultant flow just beneath
the rotor disc
Vy, = horizontal componcnt of alrcraft specd
v = .inluced velocity ut rotor
dy = disc incidonce relative to the horizontal
Then
Vi, = Vg, +v sineiy

For normal helicopter flight conditions, v sinrﬁH is small compared to
V; sincc the in&gced veloeity is small ot high speeds and y . small at low
speeds; henCQIVLitvEf -

If the velocity of 1 .e resultant flow bencath t.e rotor is mcasured and
also the cosine of the angle of this relative to the horizontal, then the
product of thesc two quantities will give Vﬁ and henec the horizontal airspeed
of the helicopter,

Fiz. 1 shows the theoreticol values of the resultant flow V' at the
rotor disc for a Sycamore helicopter. It will be scen that in level flight
V is always greater than 17 knots, and thus there should always be a
reasonuble airflow to be detcoted by a pitot-static head pointing in the
direcction of the resultant airstream., In powered descent however there will
be cases near the vortex ring state when the flow over the detecting head
will be very small and the cquipmont may not perform satisfactorily under
these conditions.

Consideration has becn glven to the effects of horizontal swirl in the
rotor downwe.sh. Istimates for a Sycamore in hovering {light, based on
propeller theory, shorcd a horizontal component in thc downwash of about
3 knots in the rcgion of the detscting head.

It should be noted that o horizontul dotum is presupposed from wihich
to measure the angle of the resultent flow. TFor the purposc of these tests
the aircruft fuselane was teken as the datum, . refinement would, of course,
ve to provide a spuce gyro dotum,

/300.
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3. Description of instrument,

The magnitude and lircetion of the resultant alrlluw beneath the rotor
were measured by a pitot static head swivelling + 90° in the pitching plane
on a horizont.l spindle. (Fig. 2). The head was kcpt pointing into the
airflow Ly o poir of vanes.

The pitot and static pressurcs were ducted through the spindls to the
supporting body and thence vo the airspeed transducer,

The spindle, which rotated with the pitot-static head, drove o scotch
yoke mechanism through 1:1 gearing. The crosshead of the yokec corried w
wiper arm workins; over a potentiosmeter. The movement of the cross head of
the scotch yoke, 2nd hencc the output of the potentiometer, was proportional
to the cosine of the angle of rotstion of the driving crank,

This assembly wos mounted on o vertical support tube carried on o
horizontal pole projecting laterally from the aircraft fusclage on the side
of the retreating blade («1g. 3). The detecting he@d was approximctely 6
fect from the rotor centre, at 90° in azimuth, and 34 fect below the rotor
disc.

The airspeed transduccr was similar to a normal airspeed indiocator
cxcept that the capsule operatel the wiper arm of a potentiometer instead of
the usual pointer. This notentiometer output was approximately & square law
relationship over the range 0-4L0 knots and lincar thereafter as shown in
Fig., 4. The tronsducer was mounted on the support tube of the swivelling
head assembly in order to minimise the longth of pressure piping nccessary,
thus reducing logs and losses.

The electrical leands from the cogine potentiometer and the airspeoed
potentiometer were taken Lo a control box fitted on the rear seat of the
aireraft,

Pig, 5 shows the clectrieccl elrcuit of the system. The arm containing
the fixed resistors Ry ond Ry and the airspecd potentiometer Py was fed
with a regulated voltopge supply; this arm formed an clementary square
rooting system. The output from this potentiometer was proportional to
total pitot speed betwesn 10 and L0 knots as shown in Mg. 6. Since the
resultant flow for norm.l flight is never likely to be much under 17 knots
(Fig. 1) the deperture from linearity at low speeds is of little significance,

The output of the cirspeed arm wis then fed to the cosine pote ntiomutcr,
The voltage frow this potentiometer wipcr was thus proportional to V' Cos FA
where V' wes the total flow anl g its direction relative to the fuseloge
datun, and was measured on a O~1 millicmmeter. Trimming r“SlutOfS were fitted
for adjustment of the full scale neter reading corresponding to v’ = 40 knots,
atp= 0,

In order to oblein permancnt records of the system performance, galva-
nometers in o Hussenot continuous trace recorder were connccted to the output
of the alrspeed arm and in porallel with the indicating meter. Calculations
showed that the circuit should be reasonably accurate, though ideally buffer
stages should be inserted between the airspeed and cosine potentiometers and
between the cosine potentioncter and the indicoting meter,
ho  Issts made

Initial tests were aimed ot calibrating the low airspeed indicator in
level flight at two rotor specds, 245 and 207 r.p.m. Subseguently check
tests were mede in elimbins fli bl at full pover and in powered descents.
~1l tests were made using o Sycumorc k.3 helicopter.

& qualitative asscssment of the instrument woas made at low speeds and
in steep approaches.
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Flight calibrations were mado using three methods, described below, all
tests being made in reasonably steady winds of less than 10 knots.

(2) Formation on vehicle

The first attempts at {light calibration were made by formating on
& vehicle driven clong the runway in the same direction as the wind,
A sensitive cup anemometer was mounted on the vchicle with the cups
about 3 feet above the roof. This anemometer gave a continuous
display of true airspecd on a meter mounted before the driver and
thus it was possible to drive the vehicle at known airspceds.

This system of colibration produced considerable scatter in
the results at the lower spceds due mainly to the difficulty of
formating accurately on a slowly moving vehicle. The difficulty
wags enhanced by the nced for the aireraft do be some distance away
so that the rotor downwash did not affect the anecmometer.

After a Pew preliminary tests this method was discarded,

(v) Speed course

In this method a apeed courss 150 yurds long wmas laid out into wind,
The pilot flew over the course in both directions at cpproximately
100 feet altitude and at & nominnl reading on the visual meter of
the low airspeed indicator. The time for each run was taken by
cbservers on the ground and by an observer in the aircraft who also
operated the Hussenot recorder. The wind specd was checked between
each run by a cup cnemometer mounted on a 20 foot pole.

(¢) Camera obscura

The third method made use of a camers obscura which projected an
image of the aircraft on to a plotting table. This image was
plotted across the table at one second intervals with the aid of an
2udible timing device, thus giving the track and a measure of the
horizontal speed of the helicopter., The aircraft was simultaneously
tracked by 2 rccording theodolite sct up about o mile away to
determine accurately the height of the aireraft, this data being
required to define the secdle of the camera obscura plot. Communi-
cations links wore established from the camers obscura to the
theodolite and aircraft,

The aircraft made runs into wind or downwind over the camera
obscura vt heights between 1000 feet and 2000 feet, depending on
the test. VWhen the image uppearcd on the plotting table observers
in the aircraft and at the theodolite werc instructed to start their
respactive recorders. At some time during each plot all records were
synchroniged by o count-down from the camera obscura.

Before and after calibration runs, smoke puffs were fired from
the aircraft at the operating height to determine wind speed and
direction. These puffs were plotted as above.

From the assembled data the airspeed of the helicopter was
calculated and compared against the recorded low airspeed indication.

5. Results of tests

5.1 Level flicht

The calibrations obtained in level flight for two rotor speeds are
shown in Fig. 7; the speed coursc method wes used for most of thcse tests,
though two points obtained from the camera obscura are shown. Whilst the
curves for each rotor speced are well estublished there is an appreciable
steepening of' the curve in the 0-20 knot rcgion in the case of the higher

/rotor. ..
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With this in mind it will be realised that the scatter of the level
flight results of Fig. 7 is not large. The scatter of the climb and descent
tests (Figs. 9 & 10), is considerably greater than that of the level flight
case, but it is possiblec that this roflects the increaged difficulties in
technique rather than shortcomings of the instrument. Suvport for this view
was obtained from tae gualitative assessment during which the mean level
flight calibration was marked on the pilot's visual meter. This calibration
enabled the pilot to maintain steady and consistent indications of low
girspeeds during level flight, climbs and descents made in light or zero
winds,

In its present form the low airspeed indicator could be a useful
instrument for test purposes and its value in t.is field will be investigated,
The difficulty of calibration however will ot present limit its application
to & single aircraft.

From the opercutionul aspect, there is general agreement among pilots who
have used the low airspeed indicator that such an instrument appsars to be
desircble and that it permits manoeuvres not practical with current instrume-
ntation. It is possible however that handling problems of particular current
helicopters at very low speeds may prevent the potential value of such an
instrument from being fully exploited in the near future, e.g. in stecp
approaches,

Consideration has becn given to the advisability of combining the present
low airspeed indicutions (which are horizontal speeds) with verticcl speed
indications to present'speed along the flight path'. In general the handling
characteristics of a helicopter depend on the direction of the flight path
as well as the speed along it. This is particularly true at low speeds as
can be seen by considering the difference in handling between a helicopter
flying level at 5 knots and one attempting to descend vertically at the same
speed (500 ft./min,), It is necessary therefore to present vector information
to the pilot and the most practical solution appears to be separate indications
of the horizontal and vertical components of the vector, since these ere the
references through which the helicopter is controlled.

The present instrument has mechanical limitations of + 90° in the
piteching plane and ways of extending this range are being examined so that
indications of backwards flight nmay be obtained.

It is considered howcver that the low airspeed indicator described in
this Report shows sufficient promise to warrant more development than can be
undertaken at this Egtablishment, It is recommended therefore, that a small
number of prototype instruments (possibly 3 or 4) should be made by an
interested firm for flight evaluation by other Units, e.g. R.4.E., B.E.A,
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rotor speed. A mean of thesc results may be drawn differing by less than 2
knots from the mean curves for individual rotor specds. This mean calibration
is shown in Fig, 8 plotted against airspecd. Check calibration points for this
werc obtained at 270 r.p.m. in level flight using the camera obscura and are
shown in Fig. 9.

5.2 Climbing flight

Results obtained in climbing flight at full power and rates of climb
between about 600 and 1000 ft/min. using the camera obscura arc shown in
Fig. 9. The scatter of results about the mean lovel flight calibration is conside-
rable though ithere appears to be a steepening of the cualibration curve for
climbing flight,

5.3 Powered descent

The camera obscurc tcchnique was again used in the powered descont
calibration for rates of descent between szbout 100 and 500 f£t/min., depending
on speed, and the results are shown in Fig.10. Therc is considerable scatter
in the results, reasons for which are discussed later, but there appeurs to
be a shift of about 3 knots away from the mean level flight calibration.

S.4 Pilot assessment

During calibmation runs considerable difficulty was experienced
at low speeds in maintaining the dosired low cirspeed indicator readings. It
was not clear at first whether these difficulties arosc from the need to
position the cireraft preciscly in space, requiring constant changes between
instrument and external references, or whether the low airspeed indicator
itself gave inadequate indication. Subsequent checks however showed that the
instrument gove steady indications enabling low and zero forward speeds to be
maintained in level flight and climb.

An investigotion wos made into the value of such an instrument during
steep approaches, TInitial tests on to a flight path indicator sct at 15°
(wind O-3 knots) showcd that steady descents at 10 knots could be made with
the pilot not looking out, flight puth references being passed to him by an
observer as 'high/low' indications. At 5 lmots however great difficulty was
experienccd in holding steadv conditions.

Vertical approaches relative to the ground were uttempted, sgain with
the pilot rclying on information passed to him as 'over/under' indications
by the obscrver., Vertical descents from 1000 feet (wind 20 knots) to 100
fect (wind 5-7 knots) proved to be both practical and comfortuble, Similar
approaches attompted in zero wind, however, were unsuccessful since with a rate
of descent of 150 f£t./min. the aircraft could not be controlled accurately
when the speed was in the 0-5 knot band., .s this region was cntered a marked
tail down tendency was noted and the control correction resulted in excessive
nose down attitudes und increased speed,

In the conditions desecribed above, i.e. below 20 knots, the standard
airspeed indicator 4id not give a usable indication.

6. Discussion and Conclusions

A major difficulty in the developnent of the low wirspeed indicator has
been in establishing experinental techniques to calibrate the instrument in
flight. +These techniques were critically dependent on wind conditions and
whilst the windspeed could bc monitored continucusly during level flight
calibrations by the speed course method, the sume could not be done during
climb and descent using the camera obscura. In thesc cases the most that
could be achleved was o smull number of spot checks of the wind at a
particular altitude rade sith smoke puffs during the tests, In addition
the pilot's task of £lying accurate instrumcent indications whilst
maintaining track within tight limits wus considerable.

/With...
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With this in mind it will be realised that the scatter of the level
flight results of Fig. 7 is not large. The scatter of the climb and descent
tests (Pigs. 9 & 10), is considerably greater than that of the level flight
case, but it is possible that this reflects the increased difficulties in
technique rather than shortcomings of the instrument. Support for this view
was obtained from the qualitative asscssment during which the mean level
flight calibration was narked on the pilot's visual meter. This calibration
enabled the pilot to maintain steady and consistent indications of low
girspeeds during level flight, climbs and descents made in light or zero
winds.

In its present form the low airspeed indicator could be a useful
instrument for test purposes and its value in t.is field will be investigated.
The difficulty of calibration however will ot present limit its application
to & single aireraft.

From the operational aspect, there is general agreement among pilots who
have used the low airspeed indicator that such an instrument cppears to be
desirable and that it pernmits manoeuvres not practical with current instrume-
ntation. It is possible however that handling problems of particular current
helicopters at very low speeds may provent the potential value of such an
instrument from being fully exploited in thc near future, e.g. in stecp
approaches,

Consideration has been given to the advisability of combining the present
low airspeed indications (which are horizontal speeds) with vertical speed
indications to present'speed along the flight path'. In general the handling
characteristics of a helicopter depend on the direction of the flight path
as well as the spced along it. This is particularly true at low speeds as
can be seen by considering the difference in handling between a helicopter
flying level at 5 knots and one attempting to descend vertically at the same
speed (500 ft./min.). It is necessary therefore to present vector information
to the pilot and the most practical solution appears to be separate indications
of the horizontal and vertical components of the vector, sincc theme are the
references through which the helicopter is controlled.

The present instrument has nechanical limitations of + 9¢° in the
pritching plane and ways of extending this ronge 2re being examined so that
indications of backwards flight may be obtained.

It is considered however that the low airspeed indicator described in
this Report shows sufficient promise to imrrant more development than can be
undertaken at this Establishment, It is recommended therefore, that a small
number of prototype instrumcnts (possibly 3 or L) should be made by an
intercsted firm for flight evaluation by other Units, e.g. R.4.E., B.E,A.
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