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Summary

A preliminary investigation has been made on 8 Hoverfly 1 of the
possibility of ground checking the power of helicopter engines, Tests
heve been made with both standard blades and blades fitted with attectments,

These tests confirm that power checks which involve tethering are
unsatisfactory and indicate that power checks should be made under low 1lift
conditions, Two methods of achieving this condition were investigated,
one using lift spoilers at high pitch, and the other using drag plates at
low pitch. The latter method proved to be the more satisfactory and eppears
to provide s practicsl solution, without undue hendling problems, by which
power variations of the order of 2% could be detected. This method mey be
suitable for use by quelified ground crew provided that precsutions are
taken to prevent the ococurrence of dangerous blade motioms, '
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1. Introduction

Regulor power checks are made on fixed wing airaraft by queclified
ground crew who run the engine with the aircraft secured on the ground.
In order to avold excessive ground running at high power settings these
checks moy be mode at the Reference Boost condition specified for ecch
type of engine, end this condition mey, for some types, be substentially
less than the moximmm obtoinable, Nevertheless, cheocks are made ot full
power as dictated by the servicing schedule and on such other occasions
as are thought necessery,

On helicopters, however, ground checks at full power hove not been
possible except by tethering since the sircraft would generslly beoome
airborne, Checks made in this way are not considered fully relisble
becsuse of unoertainty conocerning wind snd ground effects, cnd it hos
been generally ogreed thet o more controlled method of checking is
required. It is desirable that the method evolved should be suitsoble for
use by grouné crew, who, ct present, are not permitted to make full or
even portiel power checks on helicopters.

Verious schemes for ground power cheacking have been suggested reoently,
and this Esteblishment was asked to moke a preliminary investigestion of
the problem, '

2. Renge of investigstion

The purpose of the investigation wos to exomine the principles of
helicopter ground power checking rother then to develon & scheme practicable
for gemeral application, The power check, to be of most value, should be
o meesure of the performance of the engine end rotor combinstion ené the
employnent of o relotively low Reference engine power mey not provide s
satisfectory oheck on the rotor dreg charccteristics. It hes therefore
been assumed for these tests that the checks should be mede ot nearly full
pOWGI‘.

Tests heve been made with a helicopter running at high engine power
on the ground, under both high and low 1if't conditions. For the high
1lift condition the helicopter was operated in the normel stsate, but wes
prevented from leaving the ground by tethering and ballasting. For the
low 1lift condition the power was absorbed either by increesing blade dreg
st low pitch by the use of drag ottachments, or by destroying the 1lift ot
. higher pltch with spoilers,

Some sttention hes been given to the effect of wind and other verisble
eonditions upon the consistency of the results, and to the ease of operation
of the schemes with reference to their possibls use as a standard prooedure
for power checking,

The tests were of o restricted nsture becouse the sirareft, o Hoverf
1, was aveilable only for o limited period. :

3. Description of siraraft

The eircraft used for. the tests was o standord Hoverfly 1, Ki,990,
fitted with o Warner Super-Scarab R=558=3 engine,

In general the airorsft was ballssted with 1000 lbs, of conarete
slsb disposed equally between the two lower moin underoorrisge braces;
in one test the aircroft wns not bollested end ot low weight to determine
the order of 1lift developed,

For the tests with normel blodes, ond the first test with arsg
attachments, the siraraft wos olso tethered to four sorew pickets, one
to ecch moin underocorrisge snd two to the toil oleo structure to prevent

swing of the aircoraft.
/Inoooooooooo
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In some of the tests the full range of throttle control wes required
at the minimum position of the pitch lever, end & modificetion was mede
to the throttls linkoge; the msximme menifold pressure ovaileble st this
setting wes thereby inerecsed from 17 in, Hg, to 27 ins, Hg, It wes still
necessary to inorccse the pitch slightly in order to obtain the meximum
menifold pressure of 29 ins, Hg,

The relevent engine limltetions for the Hoverfly 1 are es follows:

Condition Toke-off Normal Reted
Engine R.P.M, 2,75 2100
Menifold pressure ins. Hg, . 29,0 28,5
B.H.P, 200 180

ke Details of blade sttachments

4e1 Drog sttoghments, Verjous forms of drag attoolment were
oonsjdered, including plotes of different shspe fitted to the loading or
trojling edges of the blade., It woas decided that ¢ rectengular plete
fitted to the leading edge had many advontages, including ezse of
sttoehment and the destruction of 1lift over the seotion treated,

The terget conditions seleeted were those of the Normsl Rated Power
quoted in § 3, giving 90% of the toke~off power.

It wos estimated that for o plote having its centre of pressure sbout
1 ft. inborrd of the blade tip, an erec of sbout 32 sq.ins, »er blede would
be required to cbsorb the power input. The orrangement adopted wes o
plete 13" deep attached ot right sngles to the blade chord line end
d{sposed equally about it, This wrs effixed to the leading edge by
means of wood serews, ond broeed to the upper and lower surfaces,

The ares of ezch plote wos inerecsed frow the estimnted value of
3® sq.ins. to 36 sq.ins. (24" x 13") in order to eneble the effect of
different arecss of plate to be determlined by trimming the inboard ends
of the plaotes,

Details of the drzg plates are given in Fig. 1A end & photograph at
the end of the report.

4,2 Lift spoilers. The purpose of the spoilers wos to reduce the
Jift developed when using high pitch to cbsorb the engine power. The type

of spoiler used wes o simple blade ottechment whieh produced turbulence
over the upper surface of the blades ot high angles of inocidenoce, although
& gertoin smount of 1if{ wes still developed by the undersurfaoce.

It was estimeted that if the outboard 3 ft. of each blade were
treated in this menner the lift would be reduced to & sufficiently low
yolue, ¢

Detoils of the lift spoiler are shown in Fig. 1B and a photograph
at the end of the report,

5« Tests mede

5«1 Generesl, During the tests the siraraft wes headed into wind
and the cyclic pitch and rudder oontrols held in s neutral position in
order to reproduce comparcble conditions in sucoessive tests, For each
set of blades runs were mede at the lower pitch settings with the
throttle linkage modified to give & wide genge of coatrol, The
modification was then removed and runs werée made ot the higher pitch
settings at which the normel linkage geve adequate throttle ocontrol.

»
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The pitch values were measured by the aircraft pitoh indicetor but
it was not possible to‘cclibrote this instrument before the sircraft left
the Estoblishment, However, there was no backlesh in the system ond the
various detum points could be reselected in s consistent manner,

5.2 Tests with normal blades. For these tests the airoraft wes

ballasted end tethered s in § 3« The blcdes were stonderd for the type
of aircraft.

Runs were mede ot vorious pitch settings ané at each setting the engine
speeds resulting from a renge of monifold pressures were noted,

It wos intended that further runs should be made in o renge of wind
speeds, but shortcge of time prevented this,

5«53 Tests with dreg plates, Tests werc mede in winds of up to 13
Knots, the prooedure being os in § 5.1 asbove., TFor the first run the
aircraft wes both bellasted snd téthered, but for subsequent tests in this
series only bollesting was considered necessery.

Sets of dote were obtained for pitch settings of 4°, 6° e2nd 8°, ond
drag plotes of 24 ins, 22 ins and 20 ins, span, the trimming being
performed on the inboard end,

Tests were made to investigote the effect of control position by
moking runs with the rudder pedals central snd fully displeced either to
right or left. A rope wes attoched to the teil oleo structure in this
case to control the temndency of the aircreft to swing, Tests were also
mode with small displocements of the cyclic piteh control sbout its neutral
position, The engine speeds were noted in all coses,

One pilot repected o test on several occssions, end three pilots end
an engineering officer all repected another run in order to provide an
indicotion of the possible effects of personal techniques oa the results,

5.4 Tests with the lift spoilers., One series of tests wes mede with
1lift spoilers attached to the outboard 3 ft. of each blade, Runs were
mede ot 49, 89 and 10° pitch, and full power was obteined in the latter
cese, The sircraft wos neither ballasted nor tethered in order to obtain
an indication of the effectiveness of the spoilers in reducing lift,

6. Results of tests

6.1 Tests with normal blades. The vardation of engine speed with
monifold pressure st verious pitch settings is shown in Fig, 24. It will
be seen thot ot leecst 12° of pitoh is neoessary in order to approach the
terget conditions, At this pitch the zircraft wes extremely lively,
although no violent motion developed, and the bledes were coned and
flexed upward at the tip,

6.2 Tests with drog plotes. In Fig. 2B the results with drag plates
show thet the power required to rotate the motor was considerably grester
thon without drag plstes, and the terget conditions were recched with o
pitch of 8°, The manifold pressure of 27 in, Hg, in the 4O test was the
meximum volue sttainable with the modified throttle linkage. In the 8°
setting the normel linkege wos sdequate to reach 28,5 ins., Hg. .

The curves of Fig,3 show the effect of trimming the drag plates by stoges
of 2 ins., from the inboard end., It will be seen thzt the reduction in span
of 2ins. corresponds to an increase in engine speed of 60 = 70 R.P,li, et
constant menifold pressure, /e
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The effect of varying the power to the tail rotor is shown in Fig.4.
Full right rudder reduced the engine speed by abous 30 R.P.M., from the
velue with the rudders central, whilst full left rudder coused a reduction
of about 80 R.P.M, No difficulty wns experienced in controlling the
swing of the aircroft. Tho central rudder position wes positivoly sttoined

on this aircraoft by aligning the four pedols of the two side=bywsido pilot
positions,

Some tests werc mode to determine the effect of wind on ongine speed
ot constant pitch and monifold pressure, The rosults wore insufficient to
be conclusive but the effeot appeared to be smell for low lift conditions

and of the order of = 20 R.P.M, for an inorccse in wind speed from O to
10 kts.

The results of the repetitive tests with one pilot indiocate thot set
conditions moy be attained with only o small voriation of engine speed of
the order of + 10 R,P.M, .

Toble 1 gives the results obteined by seversl pilots and an ongineering
officer for similar conditions., J4pproximate corrections for etmospherioc
oconditions have been applied to the 4° cnse, and it will be seen that
differences from the corrected mecn engine speed are as much as + 30 R.P.M,
Correotions have not been epplied to the 8° cose since this represcnts o
higher 1ift condition with less certainty of the effect of wind,

Throughout the tests with arcg plates the sirorcft remained entirely :
manageable ond firmly on the ground,

It was obscrved thet the blades fitted with drag plates werec not et i
any time flexed upward ot the tip; this suggests thot most of the lift on
the outboard sections of the blode hod been destroyed by the plates, -

6.3 Tests !%th ;% spoilars, The results obteincd with lift
spoilers for 47, end blade pitch settings arc shown in Fig. 2C,
It will be seen thaot at 10° pitch the tocke-~off power conditions were

neorly reeched, end at this pitch 2 morked loterczl oscillotion ocowrred
at power above 24 ins, Hg.

During these tests the alrareft wos neither bellested nor tethered and
it was found possible to hover the aircraft a few inches from the ground
at high pitch.

7. Diecussion

The tests with the helicoptor tethered confirm thot this mothod of
power checiing is not entirely sstisfactory becousc of the disturbed
motions of the blades and airaraft, and the possible oocurrence of ground
resonance,

The results of these tests show that the pitch required to absorb
80% = 90% of toke=off power with unmodified blades produces sufficient
11ft for the aircraft to become uncomfortsble to hondle when ballosted
ond tothered. This difficulty would probably increcse with higher powered
helicopters of similer configuration, In eddition, the effect of wind
upon the consistency of the engine speed mey be considerable where high
1ift is generoted becouse of the varistion of ground effect. Yith multi-
engined helicopters therc may be grester possibilities of power choaking
without special blede sttachments since onc cngine only woy be used to
drive the rotor systoem,

The tests with the drog plates, on the other hond, hove shown thot
their use cnables high ongine powers to be cbsorbed at low pitch and without
serious handling problems, /Tho
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The attachment of drag plates to existing heliccptors es o possible
standard rrocedure presents certain problems, but on future helicopters
most of these difficulties would not arise if suitzble provisions were
made at the design stege, It may ultimately be possibls to incorporste
the drag plate in the structure of the blede as, soy, on adjusteble
leading edge boot,

. The degree of accuracy attscineble with the drag plotes is important
in ossessing the practicability of the soheme, The discrepesncies of

+ 30 r.p.m, in corrected engine speed observed in tests by successive
operators (§ 6.2 ond Teble 1) represent at constont menifold pressure an
apperent variation in engine power of spproximately + 1%, Differenoes
of this kind might be minimised by evolving s &ill for nnking the power
check, possibly utilising simple oontrol position indicotors, and with
such precautions it is considered that sctusl power differences of 2%
or less might be consistently detsoteds Correcotions for the effeots of
variable atmospheric conditions could be read from charts prepered in
similer manner to those used in fixed wing practioce. Torquemeters sre a
refinement by which the power developed mey be measured more directly,
bg: they do not in themselves solve the basic problem of ground power
checking.

The lift spoilers were not o8 effective as hed been anticipeted, ond
becanse of the difficulties of menufecture and positioning, ooupled with
the success of the drag plate system, the development of the 1lift spoilers
was not continued,

The dreg plote method appears to be very promising as o standard
procedure for power checking, but the possibility of its use by ground
crew needs more consideration than can be given in this report. There is,
however, the possibility that personnel not trained os pilots moy inltiate
dangerous blade motions through inexperienced control movements, and the
need for restriction of cyclic and collective pitch controls should be
considered.,

8. Conclusions

The tests with the helicopter tethered show that power checks made in
this way are unsotisfactory both from the hondling ospect end beoeuse
uncertainty of the effect of wind mokes the accuracy unrelisble,

4 possible slternstivec method is to use spoilers to destroy the 1lift
developed at high pitch settings, but those used during these tests proved
to be unsatisfactory ih this respeot,

Sucoessful results have been obtained with drag plotes affixed to
the leading edge of the blades in order to sbsorb high engine power ot
low pitch, No hondling problems were expericnoed end power variations
of the order of 2% should be detected by this method, The possible use
of this type of power check by ground crew must receive further
consideretion, with particular reference to the restrioction of control
movements as o precaution egainst possible dangerous blade motions,
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FIG. 1 (A) ATTACHMENT OF DRAG PLATES.
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Drag plate attached to Blade

2” trimmed from inboard end.

Lift spoiler fitted to underside of blade.

PHOTOGRAPHS of BLADE ATTACHMENTS.
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