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1.     SUMMARY 

The McDonnell Aircraft Corporation present« the results 

of ground tow and low altitude autorotation tests for various 

configurations of the Model XH-20 helicopter in accordance with 

Item 2 of Contract AP 33 W6)-$8k-5,  P. R. 97219, B. 0. No, $B2- 

164 (SR-1). The report contains performance ourves and data for 

simulated autorotative flight teats made by troisg the rig-mounted 

helicopter on the ground in addition to performance ourves for 

actual low altitude autorotative flights. The simulated autori- 

tative flight performance data show the variation of rotor thrust 

coefficient with tip speed ratio and rotor angles from which are 

derived the rates of descent for the Model XH-20 helicopter. A 

comparison between the rates of descent as determined by the sim- 

ulated autorotation tests and through theoretical 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 pe^ o«n* exists. 

In addition to the preliminary or simulated flight 

tests, approximately 75 actual autorotative flights from alti- 

tudes below 320 feet are reported. They Include a number of 

vertical 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 whloh to land, 



D 

MAC 23tU (REV. 7-1S-40) 

ÖA7E -  

REVISEO- 

REV8SE0- 

JÄ! 'fftdSon, 
ST. UHJiS 3, «tSSOÜRI 

spot landings without forward roll were necessary. This 

resulted in a variation of flight technique which frequently 

nullified any stabilizing RPM effect expected from the higher 

test altitudes. Despite the adverse flight restrictions, tests 

were performed satisfactorily and show conclusively that the 

relatively high rates of descent and steep glide angles asso- 

ciated with the present configuration result In no undue 

difficulty in flaring out and landing gently on a desired spot. 

The pilot suffered no discomfort during the high rates of de- 

scent after preliminary familiarization. Tests results, in 

addition to pilots' reports, indicate that a steady state rate 

of descent is closely approached at approximately l|$0 RPM with 

a blade pitch of one degree or at 400-420 RPH with a blade 

pitch of zero degrees» However, It was considered desirable 

to discontinue the autorotatlve flight tests because of inad- 

equate landing gear which affeoted pilot technique, relatively 

low rotor speed which indicated small pull-up margins of safety, 

and resulting high stress level which adversely affected the 

fatigue life of the rotor. The speed of the rotor prior to 

flare-out decreased in most oases to approximately 30 HPK less 

than the RPM estimated to provide a desired margin of safety 

in the form of kinetic energy In case of pilot error. 

••$ 
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2. INTRODUCTION' 

The McDonnell Aircraft Corporation presents-the - 

test results on the autorotation characteristics öf the XH-20 

helicopter in accordance with Item 2 of Contract AP 33 (03*5)- 

9«JU5, P. R. 97219, B. 0. No. 5S2-164- (3R-1). 

A brief historical review of all preliminary auto- 

rotation tests and studies conducted by the contractor serves 

as a background for the more advanced autorotatlonal 4ata which 
•9 

is presented in this report. The history concerns the simulated 

autorotative flight tests made by mounting the flyable test 

stand on a truck and 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 autorotative desoents. 

The body of this report, however, concerns the more 

advanoed testing of the XH-20 helicopter which is obtained by 

testing through two methods. In the first method, autorotative 

performance data Is obtained without endangering the pilot nor 

subjecting the helicopter to possible damage through a series 

of simulated 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 airport 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, three rotors of 20 

foot diameter are tested to determine the effect of ram Jet drag 

and the change in solidity on autorötation. The original data 

from these tgsts on which the performance data is based was re- 

duced to a non-dimensional form and plotted as test points in 

Figures 6 through 9, 12 through 15, and IS through 21, but was 

not included herein because of bulk. The performance data pre- 

sented Includes the relationship between rotor angles of attack, 

blade pitch, rotor tip speed ratio, rotor thrust coefficient, 

horizontal velocity and the rate of descent of the XH-20 heli- 

copter. The resulting data Is compared to the theoretical 

calculations of Reference 7.7 and an attempt is made to explain 

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

After ground tow tests and theoretical studies indi- 

cated that safe autorotative landings could be made with the 

20 foot diameter rotor of .0531 solidity, a series of actual 

autorotative flights Incorporating this rotor are made from low 

level altitudes with the XH-20 helicopter. To acquaint himself 

with the characteristics of the helicopter in autorotative 

flight, the pilot made power-off practice vertical descents 
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from hovering at :?@ry low altitudes before proceeding with any 

autorotatlon flight with Initial forward apeed. After the 

period of familiarisation, the pilot gradually inoreased alti- 

tude by Increments unless a major change In the helicopter 

configuration compelled the process to be reestablished. The 

usual flight test technique is to attain a desired altitude and 

forward speed and then simultaneously turn off the fuel and 

decrease the collective pitch to a minimum to begin a power-off 

descent. Before contact with the ground, flare-out is 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 fooused on the 

photopanel records on film the fuel pressure, airspeed, alti- 

tude, rotor speed and collective pitch, the results of which 

are presented graphically in Figures 2U-30 for seven repre- 

sentative actual autorotative flight tests. 
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3.     HISTORY 

Simulated autorotative flight tests at McDonnell 

Aircraft Corporation were conducted as early as July 19^-7» She 

results of "whUfch were promulgated in Reference f.l»    In the 

preliminary tests of the rotor alone, prior to the development 

of gasoline burning ram Jets, the flyable test stand was mounted 

on a small,,pick-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« 

Results of the tests and preliminary calculations indicated that 

satisfactory autorotation was possible with a rotor employing 

ram Jets. 

After the development of suitable gasoline burning 

ram Jets, a second series of autorotative tests were made em- 

ploying the ram Jets on the same 1&  foot diameter rotor of 6.22 

inch chord as used in the initial tests. In view of the high 

costs involved to obtain 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 a Navy 

JD-1 aircraft. The test stand was located approximately 120 

feet behind the engine propellers. To simplify the supporting 

rig, the helicopter (flyable test stand) was blown at backward 
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with the rudder removed as In Figure .1. With landing gear 

wheels removed, the front shocks were mounted on hinges to per- 

mit testing at various rotor angles. Two rotors of 18 foot 

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

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

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

indicated the need for a rotor of greater solidity. Results 

of both rotor tests are oontalned in Reference 7*9- 

Meanwhile, autorotative landing studies were also 

performed using the work of D. L. L. Fitzwllliams (Reference 

7.6) as a guide to the theoretical considerations which were 

limited to pull-ups from pure vertical descent through the use 

of only collective pitch control. The studies oonoerned the 

time increment available for a pull-up and the altitude from- 

which a safe landing could be made by the use of the energy 

available, i.e., rotor klnetio energy. Two approaches were 

considered 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- 

lation of the vertical descent characteristics and a reduction 

of the equilibrium vertical rate of descent by use of collective 

pitch control for the initial conditions of 50 t&Q* pea» second 
i 

rate of descent at 5°° tettt per second tip speed. Details of 

both methods appear in Reference 7»2. 
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Another study sade was a comparison between autoro- 

tational landing potential of tip Jet helicopters and conven- 

tional helicopters. An autorotational landing potential of a 

helicopter was expressed as the ratio of the kinetic energies 

available to arrest the steady state autorotatlon rate of de- 

soent to the kinetlo energy of descent. The potential or 

capacity of the helicopter to make a safe autorotatlve landing 

increased with this ratio. The available energies that can be 

employed to arrest the steady state rate of descent are three 

in number; the usable kinetic energy of the rotor by collective 

pitch control, the kinetlo energy of the horizontal component 

of the glide path velocity by cyclic plteh control, and the 

energy absorption oapaoity of the landing gear. Only the first 

two were considered in the determination of the landing potential 

of the helicopter and are discussed at length In Reference 7*3* 

These preliminary tests and theoretical studies led 

to the selection of the test configurations employed in the 

ground tow tests, and serve as a background for the actual 

autorotatlve flight tests by the XH-20 helicopter. The results 

of both the simulated and actual autorotatlve flight tests are 

reported in the following pages. 
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it. NOTATIONS AND SYMBOLS 

Jl Rotor angular velocity, radians per second 

R Blade radius, feet 

V Resultant flight path velocity, feet per second 

Vh Horizontal component of flight velocity, feet per second 

Vv Rate of descent, feet per second 

Rotor tip speed ratio, 

Rotor solidity ratio, bfr ... 

W 

T 

CT 

C 

TT- R 

Resultant glide angle 

Air mass density, slugs per cubic foot 

Qross weight, pounds 

Rotor thrust 

^ 

•Oj 

I*) 

Rotor thrust coefficient, 

Aerodynamic blade loading 

Cold Jet drag coefficient, 

Equivalent drag-lift ratio 

/> TrO (JU)' 

jet drag 
fa  iru* (üR^ 

If-]  Rotor equivalent drag-lift ratio IJ] + [£• 

I -p I  Profile equivalent dragrllft ratio 
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Induced equivalent drag-lift ratio 

Jet unit equivalent drag-lift ratio 

Fuselage parasite equivalent drag-lift ratio 

Glide or rate of descent equivalent 

drag-lift ratio 

D Equivalent drag, pounds 

Angle of attack of plane perpendicular to oontrol axis 

Fuselage flat plate area, ( CD • 1.0] , square feet 
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5* AUTOROTATIVE   GROUND  'TOW   TESTS 

5»I Apparatus And Instrumentation 

A prerequisite of the simulated autorotatlve flight 

tests was that the helicopter operate at various attitudes of 

flight and at various flight velooities. Therefore, an apparatus 

consisting of a test rig was constructed to carry the helioopter 

at pre-selected attitudes of flight and a tow truck was used to 

provide the flight velocity. A photograph of the tow test 

equipment is presented in Figure 2. 
* 

Instrumentation consists of a Heiland g* recording 

oscillograph which records blade pitch, rotor speed, towing air 

speed and thrust and drag forces. Both the anemometer and the 

osoillogrsph used to record towing speeds are mounted on the 

truck as in Figure 2. Rotor lift and drag forces are measured 

by means of strain gauge instrumentation - the strain gauges 

being shunted at the rotor hub as in Figure 3» 

5.2 Test Configurations 

A series of simulated autorotatlon flight tests 

employing three configurations are oonducted to determine 

quantitatively the effect of ram Jet drag and solidity on 
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autorotative performance. All three configurations utilize a 

20 foot diameter rotor and are the following: 

(a) Rotor of *0^35 solidity - no ram j«ts 

(b) Rotor of .04-35 solidity and ram Jets 

(o) Rotor of .0531 solidity and ram Jets 

5.3 Test Procedure 

The test procedures employed with each of the three 

configurations are identioal. 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 

the blade from exceeding its maximum allowable value. A fairing 

is Installed over the rotor tip weights to maintain drag values 

in accordance with the airfoil section for the blades. The test 

rig, with the helicopter at a pre-determined rotor angle, is 

then towed behind the truck to various pre-seleoted velocities 

until the rotor speed becomes constant, at which time the cor- 

responding autorotatlonal data is recorded. This procedure is 

repeated for other blade pitohes and rotor angles. 

The procedure for testing the rotor with ram Jets is 

identical to that without ram Jets except for large rotor angles. 

At large rotor angles, due to the weight of the ram Jet engines, 
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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 R?w under ram jet power with the 

rotor in a horizontal plane before tilting to the desired rotor 

angle prior to towing. After the test rig is accelerated to 

the desired velocity, the fuel to the ram Jet 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 passed through its critical vibration frequency. 

Rotor angles of attack selected for testing the rotor without 

ram Jets are 23, 34, 44 and 43 degrees; and with ram Jets, 23» 

34, 44 and 53 degrees. Each rotor angle is tested with collective 

pitch settings of 0, 22,and £4 degrees. In plotting the results, 

a wide scatter of test points indicate that many tests for eaoh 

blade pitch angle would be required before a mean value could 

be established. 

5.4 Experimental Results 

5.4.1 Data Analysis 

A sample of the recorded data showing traces of 

magnitudes of thrust, drag, airspeed, collective pitch and 
1 

rotor speed with their respective conversion factors obtained 

1 1 
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by calibration of the oscillograph appear in Figure h.    This 

original test data, being bulky in else, is omitted from the 

report but has been reduced tc a nondimenslonal form, i.e., 

rotor thrust ooeffioient (CT ) and tip speed ratio (/*-) for 

a given rotor angle and blade pitch angle. For tests of the 

rotor without ram jet engines, Figures 6, 7» £ and 9 «bow the 

variation of the rotor thrust coefficient with tip speed ratio. 

Figures 12, 13, 1^ and 15 give the variations for tests of 

rotors with ram Jet engines while Figures Iß, 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 weight, 

values of thrust coefficient ( CT ) are calculated for tip speeds 

of 35°» **ÖÖ, ^50 and 5öO feet per second and the eorrÄSaondlng 

autorotative values of tip speed ratio (/*> ) are obtained from 

the nondimensional test ourves for various glide angles. 

Neglecting fuselage parasite drag, the horizontal and vertioal 

components of simulated autorotative flight velocities are ob- 

tained as VcosV and V sm)( respectively in accordance with 

Reference 7.7 and appear in Tables 1, 2, 3» ^» 5 and 6. The 

final plot of Vv vs Vh for each configuration is obtained by 

this procedure which may be summarised by the following steps: 

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

(JLR) and rotor angle eC, 

x 1 
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(b)  Calculate rotor thrust coefficients for the 

above assumptions, 

(o)  For a given Or and rotor angle <* , read the tip 

ratio M- from the CT vs y±- graph, 

(d) Knowing y  and JX.% and < , oaloulate Vv and Vh 

vh = r- JLR * V COS ¥ 

Vv = Vw Tan X « V sin X 

Figures 11, 17 and 23 present the results of the 

above steps as dimensional plots of the variation of rate of 

descent with horizontal velocity for various tip speeds. In 

addition, theoretical data is plotted on these graphs for com- 

parative purposes. Result» of this comparison are discussed 

in Section 5.5. 

5.^.2 Sxperimental Test Results 

There is considerable difference in 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. This difference is reflected in 

their respective rates of descent. As anticipated, the rote? 

without ram jets results in the lowest rate of descent of the 

three configurations tested - it having the lowest equivalent 
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drag-lift ratio U-j by virtue of no ram Jet drag. However, 

the rotor of highest solidity, which should have given a lower 

rate of descent according to theory, actually resulted in rates 

of descent higher than the rotor of lower solidity - both rotors 

employing identical ram Jets. 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 g.22 to 10.22 

inches. 

Test results show that incongruities exist in-the 

rate of descent for a helicopter employing a rotor without ram 

Jets flying with a forward speed of less than 27 ft/sec. and 

with a rotor tip speed of 350 ft/sec. Rates of desoent with 

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

family of curves as in Figure 11» 

A considerably higher rate of desoent for a comparable 

horizontal velocity occurs with the addition of ram Jet engines 

to the rotor. The corresponding rates of descent 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 inflect upward as in Figure 11 and deflect downward as 

in Figure 17. 
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For a ram Jet operated rotor of increased solidity, 

the rate of descent for a given horizontal velocity is even 

greater, although oontrary to the prediction by theory. In 

comparing Figures 17 and 23. it can be seen that at high 

horizontal velocities and at rotor angles of 2j5 degrees the 

curves differ in slope. With the high solidity rotor, Figure 

23 indicates that no appreciable change in rate of descent 

ocours at a horizontal velocity in excess of 5° MPH, which is 

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 indioate that an increase in 

horizontal velocity will result in a decrease in the rate of 

descent. 

Since steady state rate of desoent is only approached, 

and since no actual autorotative flights were made at a forward 

velocity greater than 30 MPH, no attempt was made to compare 

the results of ground tow tests with those of actual flight 

tests. 

5c5 test Data Comparison With Theory 

5.5*1 Theoretical Analysis 

The rate of descent of each of the three rotor 
1 

configurations found experimentally can be evaluated by a 

comparison to the rate of descent calculated theoretically. 
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Therefore, the same gross weight of 550 pound's as used In 

determining the rotor thrust coefficient in the simulated 

autorotative flight tests is used in the theoretical cal- 

culations. The ram Jet drag coefficient ( CDj ); based on 

rotor disc area, used in the analysis is .000122 which is 

representative of the ram Jets used in the experimental tow 

tests. Values of drag-lift ratio for the ram Jets \£- • are 

calculated from the equation given in Reference 7*7» 

r « JL Iß. 
T JH 

Drag-lift ratio for the rotor ^—1 for the various 

thrust coeffioient-aolidlty ratios Si  are obtained from Refer- 

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 is determined, 

are as follows: 

\\    * Tan * 

The equations used in brief 

[*] 
= Profile + Induced •*• Parasite •* Jet 

Tan   ¥ * (&)    +   °r A«»   + A _£. 12. U-   t  £-£L 
2 /*.* TTR1   2 CT AUTO /*- 
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As the fuselage parasite drag did not influence the rate of 

descent determined experimentally in that only forces on the 

rotor are measured, the parasite drag-lift rat 1,0 ]—-    of the" 

fuselage of the above equation is omitted in the theoretical 

calculations. 

5«5«2 Comparison of Test Reeults With Theory 

The variation of rate of descent with horizontal 

velocity and tip speed from simulated autorotative flight 

tests of a 20 foot diameter rotor without ram jets is plotted 

and compared, in Figure 11, to results obtained from theory. 

The two curves compare excellently particularly at low forward 

velocities for all tip speeds and at high rotor angles, if the 

extended theoretical curves as indicated by the dotted lines 

are assumed as being correct. At horizontal velocities above 

approximately 35 M?H, theoretical calculations are optimistic 

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 

agreement between test and theory, as seen in Figure 17# where 

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

speed at ko MPH forward velocity. The discrepancies that exist 

between test and theoretical rates of descent at low rotor 

\ta 
*%• 
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angles and comparatively high forward speeds oan be Justified 

on the basis of ground effect, instrument error, erroneous 

assumptions as to profile drag coefficient and data analysis. 

Prom Figure 6 it is evident that at»a rotor angle of approxi- 

mately 23 degrees., the mean height of the rotor disc is only 

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

of ground effect. 

Autorotative oerformance test data for the ram Jet 

operated rotor of .0531 solidity is obtained by the same methods 

as in the previous two series of tests. Results with this rotor 

are similar to those of the other two configurations except that 

excellent agreement between test results and theoretical calcu- 

lations are obtained for rates of descent at tip speeds below 

500 ft/eec. and rotorAngles of jk degrees and above. At 50 MPH 

forward velocity, maximum discrepancy between test results and 

theory is 7 per cent and that oocurring at 500 R^M rotor speed. 

The discrepancy can be attributed to the poorly constructed 

rotor blades resulting in high profile drags at high tip speeds. 

An increase in rotor solidity from .04-35 to .0531 

(chord length g.22 to 10.00 inches) result in little change In 

rate of descent at rotor tip speeds below k$Q  ft/sec. and rotor 

angles greater than ~}k degrees. Prom an aerodynamic standpoint, 
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the rework of the blade to 10.00 inches is considered unsatis- 

factory. Correct solidity is obtained but at the expense of 

cleanliness of design. For reasons of economy, the rotor with 

blade chord length of S.22 inches was increased to 10.00 inches 

simply by riveting an extension to the trailing edge. At that 

time, it was believed that, although the contour of the blade 

left much to be desired, the effect on autorotation by the 

reworked blade would be within the accuracy of the ground tow 

tests. 



MAC 231U (REV. 7-1S-«) 

DATE. MMNELL 
REVISED. 

REVISED. 

ST. LOUIS 3, MISSOURI 

PARS* 83 

REPORT 2050 

MOOR, 

6.       LOW ALTITUDE 

AUTOROTATIVE FLIGHT 

6.1   Apparatus And Instrumentation 

TESTS 

After preliminary ground tow test» and theoretical 

studies Indicated that safe autorotatlve landings could be made 

Kith the 20 foot diameter rotor, it was decided to perform and 

record a series of actual autorotatlve flights from low altitudes. 

In addition to the normal 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 indicate cyclic pitch 

position with respect to the fuselage) were added as in Figure 5» 

In order to record the necessary data, a motion picture camera 

focused on the instrument panel is mounted above the head of the 

pilot. A swltoh, located on the cyclic control stick and oper- 

ated by the pilot, controls the operation of the camera. Both 

the camera and instrument panel were rigidly mounted 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 tachometer, the instru- 

mentation le considered satisfactory. 

Rotor configuration (G) of Section 5»2, identical to 

that used in ground tow tests, is employed for all actual auto- 

rotative flights. 
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6.2 Test Procedure 

To familiarize himself with the characteristics of 

the helicopter in autorotatlve pull-ups, the pilot made practice 

=cff, vertical descents from hovering from approximately 

60-70 feet altitude with the XH-2Q helicopter before undertaking 

any autorotatlve 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 is the following. After attaining 

sufficient rotational speed for hovering, the pilot takes off, 

ascends to the desired altitude and flies with a forward velocity 

of approximately 25 MPH. Having approximately 650 BPM rotor 

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, indicating that the ram Jets are 

inoperative, the collective blade pitch is decreased to a 

minimum and the rotor allowed to decelerate in power-off descent. 

According to the traces, flare-out is initiated at approximately 
1 

50 feet above the ground when collective pitch is increased 
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rapidly to a degree which halts the vertical descent, but at 

the same time does not cause the helicopter to balloon. The 

pilot maintains, however, that he began flare-out at approxi- 

mately one-half the indicated height. 

6.3 Experimental Results 

6.3.I Data Analysis 

Experimental results of autcrotative flight tests of 

the Model XH-20 helicopter appear in Figures 2k  through 30 

inclusive on which are plotted a variation of RPM, collective 

blade pitch, altitude, fuel pressure and indicated airspeed 

(obtained from photo panel data) with respect to time measured 

In oamera frames. As the time required for the autorotatlve 

flights is of short duration and almost impossible to read 

accurately on the clock, the oamera frames are counted, and, 

knowing the camera speed, the elapsed time is easily determined. 

Every twentieth frame is read and plotted. Autorotation, as 

noted in Figures 24-30, lies between zero fuel pressure and the 

point at which the collective blade pitch is increased from its 

minimum value. 

It is 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 
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in pressure beneath the rotor that causes a recorded erroneous 

Increase of altitude of approximately 20 to kO  feet. For a more 

accurate altitude curve these points were ignored. Figure 25 

indicates that the altimeter is affected bv inertia forces and/ör 

ground effect inasmuch as sub-ground level altitudes are recorded. 

With the influence of ground effect, setting the 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 airspeed 

indicator each have an inherent frequency of osoillation as 

denoted by the test points in Figures 24-3°» However, the 

curves are constructed through the mean test points and repre- 

sents the actual condition that exists. 

It is apparent from the curves that the instrument 

most affected by sudden changes in flight or vibration and most 

erratic in amplitudes of oscillation is the magnetic tachometer 

which replaced the unsatisfactory chronometrlo taohometer. 

Despite its shortcomings, performance of the magnetic tachometer 

is considered satisfactory. 
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6.4 Discussion ' 

Of the 75 autorotatlve power-off descents performed, 

some of which were discussed In References ~[ik and 7*5» seven 

flights considered most representative are plotted in Figures 

24-3° 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 0 degrees 

collective pitch. To obtain the design maximum of 11 degrees 

collective pitch for flare-out and pull-up, more autorotatlve 

flights are made with collective pitch at 1 degree than with 

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

ing stabilization at approximately 450 RPM, with more than 

sufficient energy remaining for flare-out, the collective pitch 

angle is reduced from 1 degree to 0 degrees. 

A comparison of Figures 29 and 30 with 24-23 will 

demonstrate that the slope of the RPM curve for zero degrees 

collective pitch is not as steep as with one degree, prior to 

flare-out«, With zero degrees collective pitch in autorotation, 

stabilization appears to occur at approximately 400-420 RPM. 

However, prior to flight testing, 450 RPM was estimated as the 

minimum rotor speed necessary for flare-out and to provide a 

margin of safety in the advent of pilot error  For laok of 

more concrete knowledge, therefore, a r^tor speed of 4QO-420 RPM 
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must be considered marginal. In all 75 autorotative flights, 

however, not one desoent was made In which the landing gear was 

forced to cushion the landing. Due to the somewhat undesirable 

©haraeteristios of the landing gear, the autorotative landings 

were to be made without any appreciable forward roll» Combined 

with limited runways upon which to land unless the wind direction 

paralleled the runways, a variation of flight technique was re- 

quired so that in many oases 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 whioh affected pilot 

technique, the relatively low rotor speed which Indicated small 

pull-up margins of safety, and the lack of knowledge as to the 

stress level in the blades during these teats made further auto- 

rotative flight testing undesirable with the present configura- 

tion. Excluding the ram Jet, to improve the autorotative char- 

acteristics, 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 made more suitable for ground 

maneuvers. These modifications, when incorporated, should re- 

sult in a satisfactory configuration for autor'otation. 
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Test DimenBloaaS?Pl6t #or Rate of Deeoent 

Gross -Height a    550 pounds 

Rotor Diameter «    20 feet 

Rotor Solidity -    ,043fi 

$50 
.00601 

...106 

3708 

16o0 

oUYTO 

27.15 

18.3 

,0675 

23o6 

22,8 

,0635 

22,23 

TEST 

A.Q0 

.00461 

-ol025 

4100 

17,4 

,069 

27,6 

18,6 

,056 

22,4 

21,6 

,0488 

19,5 

450 
.003 S 4- 

.104 

46,6 

19.8 

,0675 

30,4 

20o5 

,0515 

23,2 

22,6 

.0438 

19,7 

PAGE. 

R5PSBT- 

M0BEJ_ 

PVO 

.00295 

•ol092 

54.6 

23.2 

,070 

35,0 

23 06 

,051 

25s,5 

24 »6 

,044 

22,0 

_2g§g_ 

v, 24.6 21,6 22,0 24.4 



•^    ••   •» 

MAC MIU (RKV. 7-15-49) 

DATE  

REVISED  

REV8SED- 

MMJNE: 
•MUMMMDBTMM 

ST. LOUIS 3, MISSOURI 

PääE_ 42 
REPÖäT 2Q§0_ 

MODEI ;.___ 

TABLE 2 

Theoretical Dimensional Plot for Rate  of Da spent 

Gross Vfeight 
Rotor Diameter 

Rotor Solidity 

550 pounds 

20 feet 

o04S5 

Theory 

r- Si w 350 400 450 500 

»10 \l\^l »438 .369 «338 «323 

vh 35.0 40.0 45.0 50. 

Vv 
15,33 14.76 15.21 16,15 

,15 D ' 
R 0229 ,198 ,188 .188 

vh 52.50 60o0 6795 75.0 

vv 12,02 II088 12069 14*20 

*ö20 ft].'*-' .151 „135 «130 .135 

VK- 70o0 80o0 90,0 lOOoO 

Vv 
10.45T IO08O 11,70 13,50 

025 
16' 

... ,, — 

R .111 .103 .101 ,105 

vh 87050 100.0 112o5 125,0 

,_ i   vv 9,71 10,30 ,11.36 
..   - 

13,12 
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TABLE S 
Theoretical Dimensional Plot for Rate  of Descent 

Gross Weight    a    550 pounds 
Rotor Diameter a 20 feet 
.Rotor Solidity » „0455 ' 
Ram Jet Cpj        * „000122 

J& 
2050 

p 
JLP. 550 400 450 500 
CT „00601 .00461 .00364 .00295 
cV<r ol«9 olOS .084 O0678 

olO 

.440 037C .335 .323 

ts 1 
.206 .270 „334 „424 

tar, 1 O046 .640 .669 .757 

.15 

I*). O230 ol98 ol86 ol88 

*ffi 4 
.140 .182 ,224 .287 

tan   V „370 „58© o410 .475 

„20 

[r]. „1.--.1     • .136 o130 „135 

»ttl. »108 .140 „173 ,220 

tan V „259 0276 „303 „355 

„25 

ft). „111 0103 .101 .105 

M?l „080 .116 »144 .184 

tan  V • 1&9 .219 .245 .289 

.10 VH 55 40 45 50 

Vv 
22*5 2505 30.1 37*9 

«15 VH 52.5 60 67.5 75. 

Vv 1904 2 2 „-8 27.7 3506 

020 MH 70 80 90 100 

Vv 18ol 22.1 27?3 3.5 o 5 

025 vH 8705 100 11205 125 

Vv 
1704 2109 2706 36ol 
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* 
ilR 550 Ann 500 

cT 
,00601 ,00461' .00364 ,00295 

25° >*- ,145 .1305 .1298 .130 

vh 5006 52.1 58,4 68. C 

Vy 2105 2201 24.8 28.9 

34° 
>"• .0382 .0955 .098 .104 

NA 34 04 «•>8e& 44.1 52.0 

Vv 
23 02 25.8 29.7 35.1 

44° >"- „0745 ,0705 .0725 ,0785 

•   vh 26.1 28,2 32,6 39,2 

Vv 
25.2 27*2 31.5 37,8 

53° 
/*• 

o0G0 ,057 „058 e06l5 

v, 2100 22,8 2601 30oT 

Vv 2709 30o2 34.6 40.8 
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TABXB € 
xest Dimensional Plot for Kate of Descent 

Gros« 1»'J&ht =      550 pounds 
Rotor  Diameter »    20 feet 
Rotor Solidity •      0531 

Ram Jets #26 and #27  (Hod. exit #2) 

* 
550 400 450 500 

1 

.00601 .00461 .00364 .00295 

23° >c .141 ,152 «17 

Vh 
49.3 60„7 76a4 

vw 20o9 25.8 3204 

34° >x O098 „0972 .1038 »123 

v, 34.3 3809 4606 6105 

Vv 
23.1 26„2 ' 31.4 4105 

44° M> o073 o074 „078 .089 

v, 26.2 29e6 3501 44 05 

Vv 
25.3 2806 33.9 43.0 

53° >c .0646 o0608 .0615 ,0685 

v, 22,6 24 c3 27,7 34.2 

Vv 
30o0 3202 36o8 4604 
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TABIS 6 

Theoretical Dimensional Plot for Rat'e of Descent 

Gross V.re ight ^ 

Rotor Diameter » 

Rotor Solidity = 

Ran jet CDj       ' » 

550 pounds' 

20 feet 

»0531 
o 000122      ,' 

f- 
JLR 350 400 450' 500 
CT «00601 .00451 .00364 .00295 
VT/cr O1JO2 .0868 .0704 O0555 

.10 m. 0435 „382 0356 348 

Ail 2(0104) 2(.136) 2(.163) 2(.214) 

tan   tf .643 0654 .682 „776 

ol5 1*1. .230 o210 ObVU o210 

'Ifl, 2(o070) 2(e092) 2(.114) 2(.143) 

tan    Y .370 0394 .433 .496 

020 ifu • 155 .140 ol42 .152 

4?), 2(o054) 2(.071) 2(.086) 2(.112) 

tftn   y .261 O202 .314 .376 

025 It). • .112 .108 ,110 .118 

«[2 1 2 (.044) 2(.059) 2(.083) 2(o092)         | 

tan  V „200 .226 .276 8302 

olO v4 35 40 45 50 

v* 2205 26.2 30o7 38.8 

»15 V« 5205 60 67.5 75 

Vv 
19.4 23.7 29,2 37.2 

o20 V-H 70 80 90 100 
Vy 18025 22*6 28<jw 37*6 

025 VM 87„5 100 112.$  . 125 

• 

17 0 5 22o6 81 al 37e8 
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