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1. BUMMARY

1

The McDonnell Aireraft Corporation presents the results
of ground tow and low aliitude autorotation tests for various
configurations of the Model XH-20 helicopter in accordance with
Item 2 of Contract AF 33 (038)-9845, P. R. 97219, E, O. No. 582-
164 (SR-1). The report contains performance curgea and data for
helicopter on the ground in additisn %o performance ocurves for
actual low altitude autorotative flights. The simulated autoro-
tative flight performance data show the variation of rotor thrust
coeffioclent with tip speed ratio and rotor angles from which are
derived the rates of descent for the Model XH-20 halicopter. A
comparison between the rates of descent as determined by the ei@-
ulated autorotation tests and through theorestical calculations
show that for low forward velocities and high rotor angles there
is excellent agreement; and for high forward velocities and low

rotor angles, a difference of only 7 per cent exists.

In addition to the preliminary or simulated flight
tests, approximately 75 actual autorotative flights from alti-
tudoé below 220 feet are reported. They include a number of
verticael descents from hovering at 60-70 feet. Due to the
somewhat undesirable characteristics of the landing gear and

the limited availability of the runways upon which to land,

simulated autorotative rlight tests mads by towing the rig-mounted
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spot landings without forward roll were necessary. Thls
resulted in a variation of flight technique wﬁich frequently
nullified any stabillzing RPM effect expected from the higher
teat altitudes., Desplte the adverse flight rgstrlctiona, teste

vcre'perfornodAsatlsraetorlly and show conclusively that the

clated with the present configuration result in no undue

difficulty in flaring out and lending gently on a degired Spsy..
The pilot suffared no asscomfort during the high ratsa cf de-
scent after preliminary familiarization. Tests results, in

. addition %o pllota'reporte, indicate that a sicady state rate
of deacent is closely approachbd at approximately hsé ﬁPu with
a blade pitch of one degree or at 400-U20 RFH with a blade
pitoh of zero degrees. However, it was considered desirable
to discontinue the autcrotaﬁiva £11ght tests because of inad-
equate landing gear which affected pllot technlque, relatively
low rotor speed which indicated small pull-up margins of safetly,
and'resulting high stress level whioh.advorsely arfected the
fatigue life of tbe rotor. The epeed of the rotor pricr to
rla;e—out decressed in most cases %0 approximately 30 RPM less
than the RPM estimated to provide a desired margln of safety

in the form of'klnetic energy in ocase of pilot error.
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2. INTRODUCTION:"

The McDonnell Airoraft Corporation presents.the -

test results on the autorotation characterisﬁios of the XH-20

<t
5

-

helicopter in accordance y Item 2 of Contract AF 33 (038)-

9845, P. R. 97219, E. O. No. 582-164 (8R-1).

L
(s

A brief historicval review of all preliminary auto-
rotation tests and studles conducted by the contractor serves
as a background for the more.advanced autorotaticnal data whieh
is presented in thie report. The history concerns the eim;lated
i) ) autorotative flight teste made by mounting the flyable test
stand on a truck énd operating on a local highway, and by
mounting the test stand behind the prop wash of a Navy JD-1
airplane. In addition to the tests are the studies that were -
made of pull-ups from power-off vertical descents and of the

potential of helicopters to make safe sutorotative descents.

The body of this report, however, concerns the more
advanced testing of the XH-20 helicopter which is obtalned by
testing through two methods. 1In the firet method, autorctative
performance data is obtained without endangering the pilot nor
subjscting the helicopter to possible damage through a series
of slmulated autorotative flight tests made on the ground in

%) which the helicopter, mounted on a test rig, is towed by a truck
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on the sirport runways. A second method, that for obtaining
final results, is through a series of actual autorotative flights

in which the helicopter makes power-off descents from altitudes.

In the simulated ground tow tests, thfee rotere of 20
foot diameter are tested to determine the effect of ram jet drag
and the change in solidity on autorotation. The original data
from these ts3ts on which the performance data ies bascd was re-
duced to a non-dimensional form and plotted as test points in
Figures 6 through 9, 12 through 15, and 18 through 21, but was
not included herein because of bulk. The performance data pre-
sented includes the relationship between rotor angles of attack,
tiade pitch, rotor tip speed ratio, rotor thrust coefficient,
horizontal velocity and the rate of descent of the XH-20 hell-
copter. The resulting data is cdmpared to the theoretical
calculations of Reference 7.7 and an attempt is made to explain

the reasons for the few Giscrepancies that were found to exist.

After ground tow tesis and thecrelical studles indi-
cated that safe autorotative landings could be made with the
20 foot diamster rotor of .0531 solidity, a series of actual
autorotative flighta incorporating this rotor are mede from low
level altitudes with ths XH-20 hslicopter. To acquaint himself
with the characteriafics of the helicopter in autorotative

f1light, the pllot made power-off practice vertiocal descents
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from hovering at very low altitudes before proceeding with any
autorotation flight with initizl forward speed. After the
period of familiarization, the pilot gradually increased alti-
tude by increments unless a major change in tha helicopter
configuration ggmpgl%gq the process to be reestablished. The
usual flight test teéhhique 1s to attain a desired altitude and
forward speed and then simultaneously turn off the fuel and
decrease the collective pitch to a minimum %o begin a povor—off
descent. Before contact with the ground, flare-out ie initiated
by an increase in collective pitch to the magnitude necessary

to arrest the descent but not to cause ballooning., Throughout
the flight regime, a motion picture camera focused on the
vhotopanel records on film the fuel pressure, airspeed, alti-
tude, rotor speed and collective pitch, tha results of which
are presented graphically in Figureé 24-3C for seven repre-

sentative actual autorotative flight tests.
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3, HISTORY

sfhulated autorotative flight tests at MoDonnell
Alrcraft Corpgration were conducted ase earl? as July 1947, the
results of Whith were promulgated in Referehce 7.1. In the
prelimingfy tests of the rotor alone, prior to the development
of gascliéé burning ram Jets, the flyable test stand was mounted
on a smal;;pibk—up truck and adjusted to a glide angle which
resulted in the highest RPM for various airspeeds and pitch

settings. Operations were conducted on a local four-lane highway.

-~

2 ]

Results of the tests and preliminary calculations indicated that
satisfactory autorotation was possible with a rotor employling

ram Jets.

After the development of sultable gasoline burning
ram Jets, a second series of autorotative tests were made em-
ploying the ram jets on the same 18 foot diameter rotor of 6,22
inch chord as used in the initial tests. In viéw of the high
coests involved to obtaln data through full scale wind tunnel
tests, a much less expensive method was employed. Simulated
wind tunnel tests were made utilizing the prop wash from & Navy
JD-1 airoraft. The test stand was located approximately 120
feet behind the engine propellers. To simplify the supportling
rig, the helicopter (flyable test atand) was blown at backward

A ¥
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indicated the need for a rotor of greater solidity.

of both rotor tests are contained in Reference 7.9.

lation of the vertical descent characferist;cs and

rate of descent at 500 feet per second tip speed.
both methods appear in Reference 7.2.

E

6.22 inches and the second with a chord length of &.22 inch

with the rudder removed as in Figure .1l. With landing gear
vheels removed, the front shocks were mourited on hinges to per-
mit testing at various rotor angles. Two rotore of 18 foot

diameter were tested; the first with a blade chord length of

The second rotor was made after the tests of the first rotor

Reauits

Meanwhile, autorotative landing studles were also
performed using the work of D. L. L. Fitzwillisms (Reference
7.6) as a guide to the theoreticel considerations which were
limited to pull-ups from pure vertical descent through the use
of only cocllective pitch control. The studies concerned the
time increment avallable for a pull-up and the altitude from:
which a safe landing could be made by the use of the energy
avallable, 1.e., rotor kinetic energy. Two approaches vere
congidered in these studies; the first was a rough approximation
of the time and the altitude for a safe power-off descent from

an initial hovering flight condition; the second was & calcu-

a re8duction

of the equilibrium vertiocal rate of descent by use of oollective

pitch control for the initial conditions of 50 feet pe&r second

Details of

-

X
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Anocther study =made was a comparison between autoro-
tational landing potential of tip Jet helicOpters and conven-
tional helicopters. An autorotational landing potential of a
helicopter was axpressed as the ratlic of the kinetic energles
avallable to errest the steady state autorotaflon rate of de-
scent to the kinetioc energy of cescent., The ﬁotenfi&l or
cabaclty of the helicopter to make a safe autorotative landing
1noreas;d with this ratic. The available energies that can be
employed to arrest the steady state rate of descent are three
in number; the usable kinetic enargy of the rotor by collactive
pitch control, the kinetic energy of the horizontal odmponent
of the glide path velocity by cyclic.pitoh control, and the
energy absorption capaoity of the landing gear. Only the first
two were oonsidered in the determination of the landing potential

of the héltcoptér and are discussed at length in Reference 7.3.

These preliminary tests and theoreéical‘atudiee led
to the selection of the teat configurations employed in the
ground tow tests, and serve as a background for the actual
autorotative rflight tests by the XH-20 helicopter. The resqlts
of both the simulated and actusl autorotative flight tests are
reported in the following pages.

PR
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" Resultant glide angle

L. NOTATIONS AND SYMB;OLB

Rotor angular velocity, radians per second

Blade radius, feet

Resultant flight path veloecity, réet per second :
Horizontal component of flight velocisy,’reet per second

Rate of descent, feet per second

Rotor tip speed ratio, V tos =<
JLR
Rotor solidity ratio, __1;\’_%‘_

Air mass density, elugs per cublc foot
Gross weight, pounds

Rotor fhrust

T
Rotor thrust coefficient, » TRE (RLR)
Aerodynamic blade loading ,
Cold jet drag coefficient, Jet drag

7 TR (QRY
Equivalent drag-lift ratio

[
[

]a Rotor equivalent drag-lift ratio [Q] *-[%1.
-] '

rio rjo

J Profile equivalent drag-1ift ratio
0

o

.
PR =
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5. AUTOROTATIVE GROUND 'TOW TESTS

- ..

5.4 Apparatus asnd Instrumentation

A prerequlsite of the simulated autorotative flight %
tests wae that the helicopter operate at various attitudes of ;
rflight and at various flight velocities. Therefore, an apparatus i
conglsting of a test rig was constructed to carry the helloopter ‘
at pre-selected attitudes of flight and a tow truck was used %o

‘provide the riight velocity. A photograph of the tow teat
equipment is presented in F%gure 2.

Instrumentation consists of a Heiland 8" recording
oscillograph which records blade pitch, rotor speed, towing air
speed and thrust and drag rorges. Both the anemometer and the :
osoillograph used to record towing speeds are mounted on the
truck as in Pigure 2. Rotor lift and drag forces are measured
by means of strain gauge instrumentation - the strain gauges

being mounted at the rotor hub as in Figure 3.

5.2 Test Configurations

A series of simulated autorotation flight tests
empleying three configurations are condusted to determine ;

quantitatively the effect of ram jet drag and solidity on !
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20 foot diameter rotor and are the following:

OL38 e011dity - nc

& -
A8 v

mor & a
alll govo

(b) Rotor of .0U35 golidity and ram jets
(¢) Rotor of .0531 solidity and ram jets

5.3 Test Procesdure

the blade from exceeding its maximum allowable value.

in acocordance with the sixfoll section for the blades.

repeated for other blade pitches and rotor angles.

autorotative perforrmance. All three configurations utilize &

The test procedures employed with each of the three
configurations are identical. However, prior to testing the
rotor without ram jets, a weight of 3.70 pounds is fastened to

each rotor blade tip to prevent the bending moment imposed on
is installed over the rotor tip welghts to malntain drag values

rig, with the helicopter at a pre-determined rotor angle, is
then towed behind the truck to various pre-selectad velocities
until the rotor speed becomes constant, at which time the cor-

responding autorotational data is recorded. This procedure 1is

The procedure for teating the rotor with ram Jets 18
identical to that without ram jets except for large rotor angles.

At large rotor angles, due to the weight of the ram jet engines,

A fairing

The test

e

———

PR g
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blade chordwlse deflections result in excessive vibration at
low rotor speeds. Consequently, it became necessary to attain
a speed of approximately 650 FPM under ram jet power with the
rotor in a horlizontal plane before tilting tojthe desired »otor
*1g 15 ascelera
the desired velocity, the fuel to the ram jeot engines is shut

off and rotor speed allowed to decrease to a constant RPM as
governed by the forward velocity of the test rig. In all ground
tow testing, the cyclic control stick is fixed in position after
the rotor has passsd through its critical vibration frequenoy.
Rotor angles of attack selected for testing the rotor without

ram jets are 23, 34, 4l and 48 degrees; and wita ram Jets, 23,

34, 44 and 53 degrees. Each rotor angle is teated with coliective
piteh séttings of 0, *2,and *4 degrees. In plotting the results,
a wids scatter of test points indicate that many tests for each

blade pitch angle would be required before a mean value could
be eetabiished.

5.4 Experimental Results

5.4.1 Data Analysis

A sample of the recorded data showing traces of
magnitudes of thrust, drag, alrspeed, collective pitch and

rotor spead with their respective converszion facsors obtained
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by calibration of the oscillograph appear in Figure 4. This
original test data, being bulky in size, is omitted from the

report bul has been reducsd to a nondimensional form, i.e.,
rotor thrust coefficient (C+ ) and tip spsed ra tic { &) for

vos angle and blade pitch angle. For tests of the
rotor without ram jet engines, Figures 6, 7, 8 and 9 show the
variation of the rotor thrust coefficient with tip speed ratio.
Plgures 12, 13, 14 and 15 give the variations for tests of
rotors with ram Jet engines while Figures 18, 19, 20 and 21 are

for a rotor of higher solidity with the same ram jets.

For a helicopter (XH-20) of 550 pounds gross welght,

values of thrust coefficient (Ct ) are calculated for tip epeeds

of 350, 400, 450 and 500 feet per second and the corresnmonding
autorotative values of tip speed ratio { s ) are cbtained from
thes nondimensional test curves for various glide angles.
Negleoting fuselage parasite drag, the horizontal and vertisal
oomponenpa of simulated autorotative flight velocities are ob-
tained as VcosY and VsnY¥ respectively in accordance with
Reference 7.7 and appear in Tables 1, 2, 3, &, 5 and 6. The
final plot of V, vs V, for each configuration is obtained by

this procedure which may be summarized by the following steps:

(a) Assume a gross welght and range of tip speed

(fLr) and rotor angle «,

il
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(b) Caloulate rotor thrust coefficients for the
above assumptions.

(o) For a given C; and rotor angle =, read the tip

from the

0
4
(1

-

(d) Knowing s and oR and o« , caloulate V, and V,

Vh‘z e AR = Vcos ¥
VV = \/hTanK =V sin ¥

Figures 11, 17 and 23 present the results of the
above steps as dimensional plots of the varlation of rate of
descent with horizontal velooclty for various tip speéis. In
addition, theoretical data is plotted on thess graphs for com-

parative purposes. Resulte of this comparison are discussed
in Section 5.5.

5.4.2 Experimental Test Results

There 1s considerable difference 1n the advance ratio.
range of the performance curves of thrust coefficient with tip
speed ratio and rotor angle for the 20 foot diameter rotor,
with and without ram jets. =rhu'mrrerenoe is reflected in
their respective rates of descent As anticipated, the rotor
without ram Jete results 1in the lowest Pate of descent of the

threa configurationa %ested - it having the lowest equivalent

) 5
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inches,

to the rotor,

in Figure 17.

employing identical ram jets.

with a rotor tip speed of 350 ft/sec.

Test results show that incongruities exist in.the

family of curves as in Flgure 1l1.

The correspending rates of

)

drag-1ift ratio H%l by virtue of no ram jet érag. However,

the rotor of highest solidity, which should have given a lower
rate of descent according to theory, éctuaily resulted in rates
of descen nt higher than the rotor of lower s_m; dity - both rotors
This discrepancy may be explained
by the increase in profile drag of the blade due to the manner
by which the chord length was increased from 8.22 to 10.22

»

rate of descent for a helicopter emplcoying a rotor without ram
Jets flying with a forward speed of less than 27 ft/sec. and
Rates of descent with

tip speeds in excess of 350 ft/sec. result in a congruent

A oonsiderably higher rate of descent for a comparable
horizontal velocity occurs with the addition of ram jet engines
deéscent can be com-
pared by inspecting Figures 11 and 17 which show that the test
curves differ completely in that for a given rotor angle the

curves infleoct upward as in Flzure ll and deflect dowrnward as

)

-~
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For a ram Jet operated rotor of increased solidity,
the rate of descent for a given horizontal velocity is seven
greator, although contrary to the prediction by theory. In
comparing Figures 17 and 23, it can be seen ﬁhat at high
horizontal velocities and at rotor angles of 23 degrees the
curves differ in slope. With the high solidity rotor, Figure
23 indicates that no appreciable change in rate of dssoent
occurs at a horizontal velocity in excess of 50 MPH, which 13
to be expected since the influence of fuselage parasite drag is
excluded by the test method. For the rotor of decreased solid-
ity, test results of Figure 17 indicate that an increass in
horizontal velocity will result in a decrease in the rate of

descent.

S8ince steady state rate of descent is only approachsd,
and since no actual sutorotative flights were made at a forward
velocity greater than 30 MPH, no attempt was made te compare
the results of ground tow tests with those of actual flight

tests.

/

5.5 Test Data Comparison With Theory

5.5.1 Theoretical Analysis

The rate of descent of each of the three rotor
configurations found experimentally can be evaluated by &

comparison to the rate of descent caloulated theoretically.
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Therefore, the same gross welght of 550 pounds ae used in
determining the rotor thrust coefficient in the simulated
autorotative flight tests is used in the thooretical cal~
ons. The ram jet drag coeffislent C; ), based on

’

Py | 2 e - - o) - - -
B8d 1n the analysis is 22 which

4 -

representative of the ram jets used in the experimental tow

teste., Values of drag-lift ratio for the ram jets &%} are
J

calculated from the equation given in Reference 7.7,

D{ . kD | _L 3
LL'T[»* 7_]

~

L
thrust coefficient-solidity ratios é; are obtalned from Refer-

Drag-iift ratio for the rotor Lglk for the wvarious

ence 7.7. The two values are added as in Tables 2, 3 and 6
to obtain the theoretical rotor glide angle from which the
rate of descent 18 determined. The equations used in brief

are as follows:

%%}G = Tan ¥

(2], - (&), - (B, -], -+ ),

o

= Profile + Induced + Parasite « Jeée%

t
PPN
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As the fuselage parasite drag did not influence the rate of

1 descent determined experimentally in that only forces on the
8 !

rotor are measured, the parasite dpag-11ft ratio {%—] of the'
. * P

fuselage of the above equation is omitted in the theoretical

calculations.

<

: 5.?.2

comparieon of Tes% Reesults With Theory

The variation of rate of descent with hecrizontal

velocity and tip speed from simulated autorotative flight
~ tests of a 20 foot dlameter rotor without ram jets ls plottgd
{ and compared, in Figure 11, to results obtalned from theory.
The two curves compare excellently particularly a¥% low forward
veloclities for all tip speeds and at high rotor angles, if the
extended theoretical curves ae 1;aicated by the dotted lines
are assumed as being correct. At horizontal velocities above
approximately 35 MPH, theoretical calculations are optimistic e
compared with test results indicating that the profile drag
for the test rotor blade is greater than average. The identical
rotor, to which ram Jets are added, produces a more harmonious
sgreement between test and theory, as seen in Flgure 17, where

the maximum difference between them is 7 per cent for any rotor

speed at 40 MPH forward velccity. The discrepancies thaﬁyexist

£
= between teat and theoretical rates of descent at low rotor

4

-
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angies and comparatively high forward speeds ocan be justified
on the basis of ground effect, instrument error, erroneous

assumptions as to profile drag coefficlent and data analysis.
From Figure 6 it is evident th;t at,.a rotor ahgle of eporoxi-
mately 23 degrees, the mean height of the rotor disc is only

.70 rotor diameter above the ground which is withlin the range

of ground effect.

Autorotative verformance test data for the ram Je®
operated rotor of ,0531 solidity is obtained by the same methods
as in the previoue two serles of tests. Results with this rotor
are similar to those of the other two configurations except that
excellent agreement between test results and theoretical calou-
lations are obtained for rates of descent at tip speeds below
500 ft/sec. and rotorsangles of 34 degrees and above., At 50 MPH
forward velocity, maximum discrepancy between test results and
theory is 7 per cent and that occurring at 500 RPM rctor speed.
The discrepancy can be attributed to the poorly constructed
rotor blades resulting in high profile drags at high tlp speeds.

An inorease in rotor sclidity from .0U35 to .0531
(chord length .22 to 10.00 inches) result in little change in
rate of descent at rotor tip speeds below 450 ft/sec. and rotor

sngles greater than 3l degrees. From an aerodynamic etandpoint,

i
-

e e s e
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the rework of the blade to 10.00 inches is conhsidered unsatis-
factory. Correct solidity is obtalned but at the expense of
cleanliness of design. For reasons of economy, the rotor with
blads chord length of 8.22 inches was 1ncrea§ed to 10.00 inches
sinply by riveting an extension to the :
time, it was belicved that, although the contour of the blade
left much to be desired, the effect on autorotation by the
reworked blsde would be within the accuracy of the ground tow

tests.

-
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6. LOW ALTITUDE
AUTOROTATIVE FLIGHT TESTS

6.1 Apparatus And Instrumentation

After preliminary ground tow testes and theoretical
studies indicated that safe autorotative landings could be made
with the 20 foot dlameter rotor, it was decided to perform and
record a series of actual autorotative flights from lcw altitudes.
In gddition to the normel instrumentation carried by the helicop-
ter, consisting of an altimeter, tachometer, airspeed indicator
and fuel pressure gauge, two sliding indicators {(one to measure
collective pitch angles and the other to indlcate cyeclic pitch
position with respect to the fuselage) were added as in Figure 5,
In order to record the necessary data, a motion plcture camera
focused on the instrument panel is mounted above the head of the
pilot. A switch, located on the oyclic contreol stick and oper-
ated by the pilot, controls the operation of the camsra. Both
the camera and instrument panel were rigidly mdﬁnted to the
helicopter frame after several flight tests indicated the need
for eliminating excessive vibration. Except for lag and natural
frequency of oscillation within the uachometer, the instru-

mentation ie considered satisfactory.

Rotor configurstion (C) of Section 5.2, identical %o
that used in ground tow tests, is employed for all sctual auto-
rotative flights.

r
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6.2 Test Procedure

To familiarize himself with the characteristics of
the helicopter in autorotative pull-ups, the pilot made practice

ATIAW _M
Vs "vff

3

60-70 feet altitude with the XH-2C helicopter before undertsking
any autorotative flight with initial forward speed. After the
period of familiarization, the pilot increased altitude by
increments of approximately 20 feet, unless a major change in

the helicopter configuration compelled the process to be
reestablished. .

The usual autorotation flight technique employed in
testing the XH-20 helicopter 1s the following. After attaining
sufficlent rotational speed for hovering, the pilot takes off,
ascende to the desired altitude and flles with a forward velocity
of approximately 25 MPH. Having approximately £50 RPM rostor
speed and approximately 5 degrees collective pitch, the fuel to
the ram jets is shut off. Immediately after the fuel pressure
drops to zero pressure, indlicating that the ram Jets are
inoperative, the collective blade pitch 1s decreased to a
minimum and the rotor allowed to decelarate in power-off desscent.
According to the traces, flare-out 1g initiated at approximately
50 feet above the ground when collective pltbh 18 incresassed

AY
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rapidly to a degree which halts the vertical descent, but at
the same time doea not cause the helicopter to balloon. The
pilot maintains, however, that he began flare-out at spproxi-

mgtely one-half the indicated height.

6.3 Experimental Results

6.3.1 Data Analysis

Experimental ressults of auterotative flight tests of
the Model XH-20 helicopter appear in Figures 24 through 30
inclusive on which are plotted a variation of RPM, collectlivs
blade pitch, altituhe, fuel pressure and 1n§1cated alrspeed
(obtained from photo panel dats) with respect to time measured
in camera frames. As the tlme required for the autorotative
flights is of short duration and almost lmpossible to read
ascurately on the clock, the camera frames are counted, and,
knowing the camera speed, the elapsed time is 2asily determined.
Every twentieth frame 1s read and plotted. Autorotation, as
noted in Figures 24-30, lies between zero fuel pressure and the
point at which the collective blade pltch is increased from its

minimum vslue.

It 18 of interest to note from the same figures that
when entering into autorotation, the direction of airflow through

the rotor changes from downward to upward resulting in a change

‘l'.‘m N
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in pressure beneath the rotor that causes alrecorded erroneous
"incrense of altitude of approximately 20 to 40 feet. For a more
accurate altitude curve these points were 1gnored. Figure 25
indioates t&at the gltimeter 1s affected b nartia forces and/or
ground effect inasmuch as sub-ground level altitudes are recorded.
With the influence of ground effect, setting ths altimeter to
indicate correct altitudes under all phases of flight becomes

almost an impossibility.

Assuming that the instruments are read accurately
from the camera film, the tachometer, altimeter and alrspeed
indicator each have an inherent frequency of oscillation as
denoted by the test points in Figuree 24-30. However, the
curves are constructed through the mean test points and repre-

gante the actual condition that exists.

It 4s apparent from the curves that the instrument
most affected by sudden changes in flight or vibration and most
srratic in amplitudes of oscillation is the magnetic tachometer
which replaced the unsatisfactory chronometric tachometer.
Despite 1ts shortocomings, performance of the magnhetic tachometer

is considered satisfactory.

-
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6.4 Discussion j

-

Of the 75 autorotative power-érf descents performed,
some of which were dliscussed in References 7;u and 7.5, seven
flights considered most representative are piotted in Figures

24-30 inclusive. They show a rate of descent ranging from

30 ft/sec. to 48 ft/sec., the former with 1 degree collective
pitch setting during autorotation and the latter with O degrees
collective<p1tch. To obtaln the deslgn maxiﬁum of 11 degrees
collective pitch for flare-out and pull-up, more autorotative
flights are made with collective pltch at 1 degree than with

0 degrees. However, as the rotor speed appears to be approach-

ing stabilization at spproximately 450 RPM, with more than

sufficié%t energy remaining for flare-out, the collective pltch

angle 1s reduced from 1 degree to O degrees.

A comparison of Figures 29 and 30 with 24-28 will
demonstrate that the slope of the RPM curve for zero degress
collective pitch 1s not as stesp as with ocne degree, prior to
flare-out. With zero degrees collective pitoh in autorotation,
stabllizdtion appears to occur at approximately 400-420 RPM. !
However, prior to flight testing, 450 RPM was sstimated as the
minimum rotor speed necessary for flare-out and to provide a
margin of safety in the advent of pilot error For lack of

more concrete knowledge, therefore, & rntor speed of 400-420 RPH
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must be considered marginal. In all 75 autorotative flights,

however, not one descent was made in which the landing gear was
forced to cushion the landing. Due tc the somevhat undesirable
sharactericstios of the landing'gear, the autorofative landings
were to be made without any apprscizble forward roll. Combined

with limited runvaii upon which to land unless the wind direction

parallelsd the runways, a variation of flight technique was re-
1 quired so that in many cases when descents were made from the
higher altitudes tested, collective pitch was also applied at a
higher altitude, resulting in a rotor deceleration period of
the same length as those of the lower altitude flights.

The inadequate landing gear which afrfected pilot
technique, the relatively low rotor speed which indicated small
I pull-up margins of safety, and the lack of knowledgs aa to the
J etress level in the blades during these tcsts made further auto-
e rotative flight testing undesirable with the present configura-
| tion. Excluding the ram jet, to improve the autorotative char-
acterisgtics, the following.three modifications are recommended;
the rotor blades be constructed to a known and desired contour
for low profile drag, the fuselage be redesigned for low parasite
drag, and the landing gear be nade more euitabie for ground

maneuvers. These modifiocations, when incorporated, should re-

«| sul% in a esatisfactory configuration for autorotation.

-
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TABLE 1
) ,
Test Dimensidoaal Plot Por Rate of D'pscent
Cross Welghts 6550 pounds |
Rotor Diameter » 20 feet

Rotor Solidity = .04386 :

TEST |
¥ SR aso - 400 450 500

Cy .00601 00461 00364 .00295

230 ™ 0106 01025 +104 01092
Vi, 37,8 41,0 4606 5446
Ve 16,0 174 19,8 28,2
340 M oC775 0059 20875 070
Vi 27,15 2706 3004 3550
V, 18,3 1846 20,5 2306
440 M 00875 0056 00515 0051
V, 2306 2204 23,2 2555
Vy 22,8 2106 2206 2406
48° M 20635 00488 " 0438 044
Vi 22,23 19,5 19,7 22,0
Vy 24,6 2146 22,0 2444
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TABIE 2 _ ‘
Theoreticeal D:lmensional. Plot for Rete of ﬁoscen{;
Gross Weight 550 pounds
Rotor Diemeter 20 feet
Kotor Solidity 00436
Theory '
o AR | 350 400 450 500
e
.10 [T.' ] ¥l sg 369 .38 4323
Vi 35.0 40,0 45,0 50,
V,, 1 15035 14,476 16.21 16,156
)15 (2] =twr| o229 2198 2188 .188
Vi 52.50 60,0 6745 7540
Vy 12052 11,88 12,69 14,20
2020 | (B]g +ter] 151 2135 +150 o185
V- 7060 ° 8060 9000 1000
Vy 10457 10080 11,70 13450
225 | [ )aster| .11 103 . .10 2105
Vi, 87450 100,0 112.5 12540
v, 9,71 10,30 1136 13612
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oATE MiDONNELL A 4 éz : PAGE 49
REVISED - - e repoRT___ 2050
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Theorstical Dimensional Plot for Rate of Descent
Gross Weight = 580 pounds
Rotor Diameter = 20 fest
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LR 550 400 450 500
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). o111 2203 0201 .108
2[2)
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10 V oy 35 40 45 50
VV 2205 2593 30.1 3799
015 Vi 5245 60 6745 75
VV 1904 2208 2707 3506
020 V u 70 80 90 100
Vy 18,1 2241 2743 3505
025 Vy 8705 100 112,5 125
V., 1704 21,9 27,6 3601
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Rotor Dia, = 20 feet .
Rotor Solid. = 00435
Ram Jets #26 and #127 with modified exit 42
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MAC 321 (REV., T-15-49)

S MEDONNELL / Vi mee____56
k- 02624072 2050
= EPORT.
REVISED — Louis 3, f S:.OUE% REPC
REVISED_____’%_T_ MODEL
a TABIE 6 )
19st Dimensional Plot for Rate of Desoent '
Gross We'tg¢ht = 550 pounds J
Rotor Diameter » 20 feet '
) Kotor Solidity = 0831
Ram Jets #26 and #27 (Mode exit #2)
SR 350 400 450 500
8 - -00601 -00461 00354 .00295
23° MM o141 0152 <17
Vi, 4943 6007 7604
Vy 2069 2546 3204
34’ JA »098 00972 1038 0123
Vi, 3443 38,9 46,6 6105
V, 23,1 2662 3144 41,5
44° g 0073 0074 078 089
Vs, 2642 29,6 3501 4445
Vy 2543 28,6 33e9 43,0
53° yre 00646 0608 20615 00685
Vh 2246 24 .3 27.7 34,2
V 30,0 32,2 3608 46,04
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TABIE 6 ,
Theoretical Dimensional Flot for Rat;e of Descent
1
Gross Weight = &50 pounds
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LR 350 400 450" 500
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" 010 Viy 35 40 45 50
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020 |, Vu 70 80 90 100
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025 Vi 8705 100 112.5 125
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