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* I. IKTRODUCTION

i The U. S. Army XV-4A Hummingbird Aircraft Serial Number 24504 wae tested in
i the 40 x 50 Foot ¥ind Tunnel of the Ames Research Center from August 28,

' 1964, through September 11, Z964. As & part of the original Husmingbird

| contract (DA 44-177-TC-773), these teats were to have been accomplished
prior to the first transition attempts. A number of postponements resultéd
in the wind tunnel tests being conducted nearly a year after successful

tranaitions were performed.

The tests consisted of 41 runs and a total of 944 test points. Tests wers
conducted over a range of speeds in all phases of flight from hover through
transition to conventional flight. Pitch and yaw runs, as well as control
effectiveness runs in all three modes were made. Many of the pitch runs wvere

| mads well into the mo-called deep stall angle of attack range.

|
|
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'P ITI. SUMMARY

The results of the XV-4A Bummingbird tests in the Ames 40 x 80 Foot wind Tunnel
are presented and analyzed. The 4. runs made included pitch, yaw, and control

effectiveness tests in hover, transition, and conventional flight.

As tested in the wind tunnel, the Hummingbird configuration was the same as that
flight tested. To accomplish the test, the main landing gear was removed for
attachment of the wind tunnel main eupports, some wiring was run externally, and
the rear wind tunnel support was attached to the aft fuselage. Electric actua-
tors were provided for the remote control of all aircraft control systems.
Control surface position potentiom..ers provided signals for the indication of
control deflecticns on a remote readout panel adjacent tc the remote control

panel located in the wind tunnel control room.

The minimum printout unit values of 12 pounds in 1ift for pitching moment, 6
pounds in 1if+ difference for roliing moment, and 2.4 pounds for the other

components are larger than those desirable for the magnitude of forces and

moments generated by the Hummingbird. Only a small percentage of the balance

system capability was used for these tests. The IBNX data reduction systsm ueed

. . reduced data promptly.

i . The final wind tunnel data are plotted in two forms. A standard aerodynamic
,  coefficient form is used for presentation of all of the datn. In addition, the

hover and transition data are also pressnted in the form of forces and moments.

i
i

; JUnly the conventional flight configuration test data are anaiyzed in the co-
|

efficiernt form, and the huver and trsnsition data are analyzed in the dimersional

form.

|

! The tests of the conventional flight configuration with the enginss thrusting ‘
; indicate good agreement with other data in all parameters except the pitching

|

{
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moment coefficient at zero 1ift with neutral elevator and the directional sta-

bility level. The pitching moment and yawing moment coe. ficients generated

by the drag of the unshielded rear support can account for the majority of the

e e e o

discrepancy.

| Good sgreement is obtained between foraes from the data based on the equations

derived from the small scale wind tunnel tests of Reference 1, the limited

! flight test data, and the full scale wind tunnel test data in hover and transi-

tion except a partially unexplained 750 pound reduction in the ejector net foroce L
value {rom the full scale wind tunnel tests. The agreement between the moment

data is not quite as good with the full scale wind tunnel data indiceting :
increased stability in all modes, limited control effectiveness in some cases 2
and a nose down ehift in the pitching moment data. Although a orude shield for :
the rear support was installed and indicated little change in the data, the
shift in thas pitching moment data and the directional stability level change
cxn bs generated by the drag of the unshielded rear support which was used

throughout the major portion of the teats.

If these tests had been conducted previous to successful trarsition flights of
the Hummingbhird, none of the results would have prevented these {lights, but i
some of the data indicate the need for additional analyses to explain some of [
' the differences observed between the full scale wind tunnel tests and the

equationr derived from the small scale wind tunnel tests with additional full

scale tests probably being indicated in some arsas.
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. II1I. DESCRIPTION OF AIRCRAFT AND TEST SETUF

The external configuration of the aircraft was unchanged from that which was ;
flight tested, except that some wiring and plumbing had to be attached to the
skin externally. The external wviring and p. 'mbing vere held to a minimum and
were located mostly in the nacelle and under fuselage areas. Two external
longitudinal tunnels were used under the fuselage between the ejectors, bdut
these tunnels were also present during flight tests. The leads from the tail
l angle of attack indicator vere sttached to the lower surface of the horizontal
stabilizer between the boom and the point where they entered the vertical

stabilizer.

Pigure 1 shows the Hummingbird mounted in the Ames 40 x 80 Foot Wind Tunnel,
and Pigure 2 gives the general arrangement with the basic dimensions of the
’ aircraft noted on this figure. The theoretical aerodynamic data for the

Hummingbird are given in Figure 3.

The aircraft was equipped for complete remote operation from the control pansl

located in the wind tunnel control room. This remote control panel supplied all

functiona necessary for operation of the aircraft in &ll flight regimes and

;? included the controls for the fire extinguishing system. The engine fuel controls

were positioned from the remnte control panel by means of electrical actuators

located in each nacelle. Fuel was supplied from an external tank to each wheel

well with all internal tankage having been removed from the aireraft.

Elactrical actuators, operated from the remote control panel, were located in
the cockpit and supplied the forces and motions to the aircraft control system
similar to normal pilot inputs. From this point, the normal aircraft control
' systems were used to position the aerodynaric contrcl surfaces and the respective

reaction controls. The ejection seat and much of the pilot's instrumentation

Lo - —

. e
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vere removed from the cookpit to provide space for mounting the electrioal control
actuators. The existirg aircraft systeme were used through remote controls to
pos> tion the flapas, the ejector inlet and exit doors, the nose gear, the doundary
layer control air valve for the horiszontal tail, the engine diverter valves, and

the bleed air valves for the lateral reaction controla.

The positions of the various controls were shown by indicators mounted in the
remote resdout panel. These indicators were positioned by potentiometers installed
at the respective oontrol surfacss. Pigure 4 is a typical picture of the remote
readout panel as photographed for data recording. In addition to the dgitrol

positions, operating pressures for the reaction control systema, the horizontal

tail bcundary layer control pressures, sngle of attack, angle of sideslip, tail
angle of attack, boom airspeed pressures, and engine tail pipe pressures (P,c 's)
2

were presented on the remote readout panel.

The Hummingbird was mounted on the convantional wind tunnel three-strut support

system, which is connected to the extermal balance. Special mounting pads were

manufactured and installed in place of the main landing gear to which the ball

and socket attachmente of the two main wind tunnel struts were fastoned. These

mounting pads were designed to provide a distance betwmen the mai: strut attachment
points, or tread, of 88 inches, whioh permitted & yaw angle of 20 degrees befors

.aterference was encountered on the mounting system i the tunnel. A spaocial

fitting designed to distribute the load equally to three cf the aft fuselage frames
providsd a mounting pad for the ball and socket of the resr wind tunnel strut. !
fince these frames are not normally subjected to high concentrated loads, locsl
beefup of the three frames was required to transmit ths loads into the aft fuselage
basic structure. The tail length, or distanos from the main strut center line to

the center line of the tail strut socket, was 133.6 inches. |

s o - boves ot




E_

; seromr no. EX-TE24
i LOCKHEED - GEORGIA COMPANY vt Xi-24
A GCIviSION OF LOCLRHEFD AIRCRAFY CCRFORATICON o 6
MARIETTYA GEORGtaA

2

]
- — — e
i’ ! The remote coniro: leads, instrumer.taticn leads, fuel lines, CG, lines, and
i electriocal start power lines weres run frce the wheel wells down the main struts.
| Trese leado were teped s0lid to the exposed pction of the struts and were run
| dowr through the windshields which protected the remainder of the forward struts
from airloeds which otherwise would te measured by the balance system. The
i regular fairing or windshield for the rear strut was damaged in the test preceding
the Hummingbird test and was rot used. Nowever, a crude stationary windshield

wvas fabricated and instalied previous to Run 37. Runs 37 throughk 41 include the

effect of this crude rear strut wiandshiel?.

Basically, the rear strut of the support system is designed to carry axial lcads
only, having a ball and socket mount at the aircraft and a gimbel attachment to
the balance system unierneath the tunnel floor. As the aircraft is yawed, the
" ' rear strut attschment under the tunnel floor follows & path perpendicular to the
center line of the tunnel by means cf a separate drive system controlled by limit
| awitches. The main support strute remain vertical at all times, and move fore

and aft, as well as crosswise, in ithe tunnel as the aircraft is yawed.

The external balance system of the iunnel is composed of four 1ift posts, two

side force links, &and one drag link. The details of the support and balance system

are described more fully in Heference 2.

;
|
i
_
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Iv. DATA REDUCTIOR

All wind tunne. data were read on the sxternal balance system and reduced to

coefficient form based on the wing chord plane dimensions. The moment data were

tranaferred to the stability axes with an origin at the 10 percent asan aerodynamic

chord point which is located in the aircraft at fuselage station 285.5 and water

iine :00.C. Wing dimensions used for deta reduction to coefficient fore are:

wing Area (S) = 104.17 square feet
“ean Aerodynemic Chord (T) = 4.43 feet

Wing Span (b) = 25.0 feet

The wing span dimension used by Ames for their data reduction was 25.9 feet.
However, for the data presented in this report, a correctiorn was made to reflect
a ving span of 25.0 feet as noted above. This correction was mmde to facilitate

sourreiation with other data which were based on this theoretical value.

The control surface sign conventions used in all plotted data are included in the

delinitiorn of symbols rresented in Figure 5. These are used throughout the entire

report.

In addition to the normal wind tunnel weight and data tares, & special correction
was included in the data reduction for the drag of the rear strut which was not
protected by a fairing or windshield. This drag value was based upon tunnel free-
stream qj however, in most instances at least a portio:i of the rear strut was
exposed to flow from the ejector which in general was at a much higher q tzan the
free stream tunnel value, thus having a higher drag value than indicated by the
correction. The drag on the rear strut also introduces a pitching moment into

the data. No attempt was made to correct the data for this induced pitching

noment, which ie in a nose down or negative direction. The magnitude of this

correction ie discussed in Section VII. For Runs 37 through 41, a crude stationary

PaGt — T_ P |
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fairing was instalied in the wind tunnel tc protect the rear strut from most of

the drag lcad induced by the air flow.

Normal wind tunneil wall effects corrections vere applied to the data for the
conventional flight configuration of the aircraft. Wall corrections were not
applied to the traneitiona! flight configuretions data since the major portion

of the lift forces are generated by engine thrust rather than by aerodynamic means
and thus the wind tunnel wrll effects are nct well defined. In addition, Ames
personnel expressed the opinion that the wall effects for the 40 x 80 Poot Wind
Tunnel are negligible for transition tests. These tests were tc serve as a check
of wvall effecte by couparison with flight test data and the small scale wind tunnel

tests. The amount of flight test data ie too limited for a reasonable avaluatiocn.

Two methods were used for recordin; the forces as indicated on the readout scales.
vne was & card punch systex which recorded 10 samples for each data point. The
IBM data reduction system averuged these 10 samples to give & single vaiue for
each of the components reduced for each test pcint. Prompt data reduction wvas

supplied by this system throughout the test.

The smallest unit recorded on the dats punch cards had the following values:

12 pounds in 1ift swwation for pitching moment; 6 pounds in 1ift d4ifference for
roliing moment; and 2.4 pounds for drag or side force. Wwhen thess valuea are
reflected into moments, the printcut accuracies ere as followa: approximately
400 foot-pounds in pitching moment; approximately 200 foot-pounds irn rolling
moment, and approximately 60 foot-pounus in yawing moment. The overall wcciuracy
or' the belance system ie not quoted; however, it was used to a small percentage

of its capacity.

The second, cr backup method of recording datsa consisted of a tape printout system

st each of the individual scales. Five data samples were printed for each test

R e e e L |
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poirt. These tapes had tc be read manually and were used only in case of = failure
of the primary card punch system or in case there was sny question of the final

reduced values s obtained from the card punch systea. The tapes were read tc the

f nearest 5 pounds on all f-ur 1ift values and to the nearest one pound on the other

componenta. For the Hummingbird test, the card punched data was used entirely
except fecr 3 or 4 runs in which cases significant discrepancies were found in the

values used to determine the pitching moment. Por these cases, the tape values

© were read and later used in the IBM reduction progranms.
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. V. SCOPE OF THE TESTS

The full scale tests of the Hummingbird included some runs within all regimes of

; flight for VIOL sircraft consisting of hover, transition and ccaventional flight.

The amount of hover tesiing was quite limited, primarily due tc the restrictions
imposed by the wind tunnel. Although the overhead doors ¢f{ the test section were
open for 21l hover testing, the tunnel walls still introduced ocertain restriotions
j on the test conditions, and continued hover testing induced tunnel q. The major

i portions of the teste were performed in the trangsition regime, which is tha more
difficult operaticnal region for all VIOL aircraft. A few runs wvere made in the
conventional flight regime at two velooities, in an attempt to determine some

- Reynolds number effects. In addition, an engine calidration run was mace at zero

tunnel g.

-~ Pigure 6 ia a summary of the runs that vere made during the test. The definitions
of the various phases of transition which have been used throughout the entir
+ Hummingbird program were adopted for the full scals test and are used in this figure.

These phases are defined as follows:
Phage I - Both engines are diverted through the ejector 1ift system.

Phase II - Engine #1 is exhausting through the conventional tailpipe

and engine #2 is diverted through the ejector 1lifi system.

Phase III - Both engines are exhausting through the conventional tailpipes

but with the ejector doors still opened.

The test speed is noted for each run with all runs being made hetween O and 100 knote.
i The engine thrust level for each of the runs is indicated by a Pt value which is the
p)
|
‘P ! engine tailpipe pressure expressed in inches of mercury with a value of 30 noted for

the engine inoperative condition.

GA. FORM 42888
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Ejector exit raike surveys were made during the firet two runs in an attempt to

determine the gross thrust level of the ejector. These rakes wers inst.lled in the

ieft electer bays. Since the amcunt of pressure instrumentation provided by the
iimited number of rakes was considered to be inadequate, no 4data are presented;

hevever, an exacination of data hy Ames showed fairly close agreement between the

gross thrust values derived from these data and the net thrust values obtaired from

v

tre balance system. After Runs 1 and 2 were completed theae rakes were removed and

nc pressure instrumentation of any sort wvas used within the ejectors for the re-

nainder of the test.

The zmaximum remge of angles of attack for the polars was from -12 degrees to +28
degrees; howvever, many of the polars did not span this complete range of engles
but were snortemed somewhat on sither end. The yaw angles tested ranged from

-4 degrees to +10 degrees with many of the yaw runs only going to +8 degreeun.

For the pcwered runs, the Pt 's tested ranged between 35 and 66 inches of meroury.

5

Lominal values of Pt of 46 inches of meroury and 60 inches of meroury were used
p)

for the constant thrust runs.

The control effectiveness Tuns vere made over the complete range of deflections

for each contrcl surface. In the VIOL configurations, the elevator deflections

tested ware between O and 52 degrees. In the conventional flight configurstion,

these limits were plus and minus 30 degrees. The range of rudder deflections

tested was between -20 and +17 degrees. For aileron effectiveness, the deflections

varied from ~174o +17 degrees per ailercn. In general, these control surfwce
deflection limits were somewhat less than the desigr values for the airplane. One

reascn for this was the fact thai the remote control actuastors did not permit full

ceflection of most surfeces. FEowever, ir some cases, the actual design values were

not realized partially becavse of control system deflections and stretch under

load.
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Since the Hummingbird was rigged for complete remcte opermtion, the same number of
test points could have been accumulated in a shorter pericd of time if it had not
been for certain iimitaticns on the tuanel cperation, or conversely, more test
points could have been accumlated during the span of the test. These limitations
were temperature and contamination caused by the operation of the engines. GSince
the wind tunnel does not have facilities for exchanging the air while runrning,

wuch time was consumed in airing out the tunnel between runs by opening the overhead
test section doors while maintaining low tunnel q. An arbitrary limit on the
aaxioum allowable temperature of the tunnel was originally set at 115 degrees Fj
howsver, on many runs this value was exceeded with the temperature during cne run

actually reaching 135 degrees F.
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VI. FPLOTTED COEFFPICI:ZNT DATA

All of the data accumulated during the tests are plotted in Pigures 7 through 156
in the form of aerodynamic coefficients with the exception of the data for the

effects of power and control in hover presented in actual forces and moments. These

: data are plotted in the standard form for wind tunnel test results, except that dreg

coefficients and pitching moment coefficients are plotted as a function of angie of
attack rather than 1ift coefficient. Angle of sttack is used for convenience since

the 1ift ccefficients have such high values i.r the transitional tests vhere test

- speeds are iow and the forces due to ejector thrust are large.

The tunnel q values varied subs.. .tially during & constant ¢ run. In the normal

+ IBX data reduction procedures each test point is reduced at the individual g of the

- test pcint rather than at a nomninsl vaiue for the complete run. For the tests in

Phase I and Phagse II of transition, the amount of scatter introduced by ueing indi-

vidual q's is greatsr than that experienced in the conventional configuration sirce

! the forces and moments are prim&rily the result of the sjector thrust rather than

normal asrodynamic forces and moments. The coefficient data as shown in this report
have been reduced to a constent q value for sach run thereby minimizing the amount
of scatter due to the variation of q within a eingle run. 7The single wvalue of q
uged ie that besed upon the specified test value of velocity for each run. Figure

157 gives & typical compariscn of the coefficient data as presented by Ames using

~ the individual q valiues for each test point and the coefficient data based upon a

¢ nstant q throughout the entire run. To be consistent, all of the coefficient data

arc based upon the constent q value for each run.

[T e
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Vil. ARALYSIS OF THE CONVENTIONAL FLIGHT DATA

Since the Hummingbird has flight and handling characteristics similar to any other
airc:aft in the normal or conventional flight regime, the coefficient form of the
wird tunnel data is used for this analyasis. Pigure 158 is a tabulation of the

stahility and control lavels indicated by the full scale data in the conventional
flight coniigumtion and corresponding estimstes based upon the resuits of the

small scale wind tunnel tests of Reference 1. All of the normal aerodynamic
peraneters of interest are tabulated. A comparison of the two sets of data, point
by point, indicates good agreement for the 1ift &nd side force coefficients. The

agrecment between the other components is somewhat poorer.

Although the agreement between the pitching moment coefficients is not wery good for

the power-off test, the agreement with powver »n is quite good except for ths‘Cw
0
M values is probably due to the pitching
0
mozment caused by the drag ¢f the unshielded rear strut.

value. The disagreement sh:wn in the C

Using a CD value of 1.18

)
for the drag coefficicent of the circular rear strut as shown by Reference B,Iln
average diameter c¢f 6 inches, a length of 20 feet, and the center of the strut drag
10 feet (dl) below the Hummingbird center of gravity, an estimate of the generated

pitching moment coefficient is as follows:

M= -Dxd, = -10D = -10 Cpq S,

I BELE
M- =10 3p g (20 x 0.%) = -100 ¢ q
v -100 CD q
C., = = - -~ -
L q (104.2) (4.43) = q (104.2) (4.43)
Sy = =0.2:7 Cp = 04217 (1.18) = -0.2%6

~
G, = =

0.256

a's

The data of Figure 158 show a difference in CN of -0.358 between the full scale
‘o

wind tunnel data and the estimates from the small scale wind tunnel data. A large
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rercentese 0@ tne discrepancy in o, can oe acccunted for by considering the moment

sa

7 '

due tc the rear strut drag irn conventional [light. 4 forty percent increase in the

rear strut Jrag over the &b-ve calculiated value would give complete agreement. ’

A simiiar analysis of the cffect of the rear =trut drag sn the directionel stability

(e ) foiiowa:
b=C qs, . =1.18 (1¢) q
- - 1 ;LM
N=D1, ainﬁ 11.8 q (=4 )ww
For small angles,

ain ﬁ = ﬂ/s?.z

where /43 is in degrees, and

¥ e 11.8 q (%g-‘-é) /B /51.2 » 2.293 a3

2.233 4
= / ™~ o -
Cy = 2.293 q ﬁ /as. b, 0475 (25.07 o.oooee/ﬂ

C. = 0.00088/Deg.

VZi
This analysis indicates that the level (0.0045) shown for the full scaie wind tunnel
test data is too great by the 0.0309 value. A reducticn by this amcunt gives a

level of C.003%C as compared to 0.0030 for the smnl® scale value. If the

,Nﬂ

, Torty percent increase in the rear strut drag to give complete agreement fcor the

: C,, value 18 used, the Cw/g vaiue beccmes 0.0033 for the full scale wind tunnel
i

LAO
tesie which is good agreement.

The poor a,reement, pover off, may be partially explained by the change in the flow
pattern about the aircraft due to the windmilling engines. The small scale model

actual'y had cpen, free flow type nacelies, and the internal drag of the nacelle

R O
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system was removed [rom the wind tunnel data. Unfortunately, most of the full scale
data were run with the enginss windmiliing rather than power on. All of the lateral

directional tests were made with engines windmilling.

Little flight test data &re available for comparison wiih: the wind tunnel data of
the conventional flight configuration. However, tased upon pilot comments and
observations, the fiight characteristics of the Hummingbird tend to more nearly

substantiate the estimates based upoxu the equation data derived from the small scale

; wvind tunnel test data rather than the values obtained from the full scale wind tunnel

data. The trim slevator settings required for the Hummingbird correspond more nearly
with the small scale data, but good correlation with the full scale data can &lso

be obtained if the above correction tc CM is made for the effect of the drag of the
o

" unprotected rear strut.

GA FOFRMAZIBE L
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VIII. ANiLYSIS OF THE HOVER AND TRANSITION DATA

411 of the hover and transition data from the fuil scale tests of the Hummingbird |
are given in Pigures 15 through 26€ in terms of foroes and moments rather than in |
coefficient form. This form of presentation is used for these data since the forces ?
ana moments are primarily & result of sjector thrust rather than the result of I
normal aerodyrsmic ¢ffects, and is considered mcre msaningful than the coefficient i
form. In addition, the equations of Reference i, used to predict the Hummingbird

characteristics in lLover and transition, are written in terms cf forces end moments |
rather than in the coefficient form. Values determined from these equstions for !

the full scale wind tunnel test conditions are also plotted on Figures 159 through

266 for comparison with the actual full scale wind tunnel data. These calculated s

forces and moments are based on a net ejector hover thrust of 6650 pounds for sea

i i1evel day take-off thruet on the two JT-12 engines installed in the aircraft.

The pitch reaction controls under these design conditions produce a thrust of

450 pounds which, when added to the net ejoctor thrust value, gives a net airpliane
thrust squal to 7100 pounds as shown in the data of Figure 267. Thie is the value
obtained when the teat data are extrapolated to the take-off thrust enginea pressure
| ratio of 2.28. The lift and drag values of the four runs have been combined to
give the resultant force curve shown in this figure. With everything considered,
the data show & surprisingly small mount of scatter. However, the net ejeotor

. static thrust value of 6650 pounds at the design engins pressure retio of 2.28 is
750 pounds lese than ithe value of 7400 pounds which has been shown for the aame

ajector configuration on tests in the Lift Improvement Program conducted at the

Lockheed-Gecrgia Company. The possibility of & small difference in th. primary

nozrle area of the manifolds of the two tests and some suall secondary configuration

1

{

!

I differences exist which may account for some of the difference in these thrust

| values. ;

| )

—— e e ]
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The 750 pound diacrepancy ir net ejector statiec trhrust also mey be partially
exp_ained by the vertical cocmponent of the ajectur exit flow aiong the unshielded
rear wind tunnel eugport. ThLe moment genersted by this negative lift force is
positive or ncse up which is orposite tc the net moment genersted as coxpared

with the Lift Improvement Procgram data. Eowever, the drag {irce on the resr strut
gererated by tke horizontal compcnent of the ejector exit ficw acts at a larger
arm nedr the wind tunnei flicor giving & negative mcment. With a drag force of

tle sace crder of megnitucde as tre rnegative 1ift <n tle rear strut, the pitching
nonent froz drag is approximately twice that generated by negative 1ift. Although
exact values .annct ve placed on these effects, both the 1ift deficiency and the
coange in pitching =mczent can be generated by forces actirg on the unsrnielded rear

wind tunnel support even in tre hover moue.

The value of net ejector thrrust used in the small scale equations was the 6650 pound
.evel indicated by the static test in the full scale wird tunnel. Tris veiue seems
tc match the 1ift data cbserved on the transition tests more neariy than would the
7400 pound thrust ievel. The use of this lower value also gives a more conservative
comparieon with the full 3cale wind turmél results. A limited quantity of flight
test date have been reduced. These values are shown on the corresponding plots of

full scale wind tunnel data of Figures 217, 233, and 243.

The aerodyramic characteristics cof the lummingbird as predicted by the equations
based on the smell scale wind tunne! data of Reference 1 do not include the effects
of the reaction controle. The reaction contrcl effects are svaluated separately
and added to the equation values. Figure 268 presents the reaction control pitching
moments available as a function of elevator deflection for the two constant engine
pressure ratios used throughout the test. The engine pressure ratio of 1.53%
corresponds to & tailpipe pressure, Pt,' of 46 inches of mercury and the pressure

ratic ydlue of 1.¢Y corresponds to a Pt value of 60 inches of mercury. These
5

DUV |
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engine pressure raticp are based on the average ambient pressure of 30.1 iaches

¢f wercury as chserved during the test.

The yawing moments produced by reaction controle as a function of rudder deflection
are shown in Pigures 252 and 270 for fixed elevator deflections and for the two
normally tested engine pressure ratios. The yawing moments are presented for the
varicus e.evator deflections which cover the test renge to give the effect of the

pitch reaction control on the yawing moment.

Figure 271 presents the rolling moment available from reaction control as & function
of ailercn defliection. The same twn values cf engine pressure ._.ic are used for

tlese data.

A1l of tle reaction contrcl moments presented in these figures are based on the
caiivratien curves for the aircraft as tested and on the respective gas flows for
the particular resction control corresponding to the test engine pressure rstio.
The reacti-n centrel! gas flows are based upon rrevicusly determined values for an
enygine design preasure ratio «f 2.28. The estimated vaiues of ga; flow were used
since the values which could he determined from tra data presented on the readout
panel durin, the test are open tn question. The test values are questionable
becauge tine was not allowed for scme test pressure gages to reuch steady state
vaiuea. The time required f r scme of the gages was quite large and was not

expended in an attempt tu obtain as many runs as possible during the limited span

of the test.

The data of Fiures 208 thrnugh 213 compare the actual reaction control effectiveness

+ obtained in Run 39 for the hummingbird as tested, with tne values evalumted for

addition to the small scale equations as described above. The pitching moment

available from reaction control shows excellent agreement with the test data of

% ! Pigure 208; however, at the high elevator deflections, some discrepancy dces exist.
; ;

|
B -
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The agreement shown in Figure 211 for tL~ reaotion countroi in rell is acceptadls,
but the test data have been displaced through zerc aileron deflection by approx-
immtely 2700 foot-pounds, and the test reaction control is not as effective for

the negative aileron deflections. ¥Figure 213 shows a elighily higher sffectiveness
from the yaw reaction control as determined for addition to the small scale equation
data than the vaiue obtained from the actual test points. However, the computed

values are certainly wvithin acceptable tolerances.

The pitch reaction control duct pressure data cf pointe 12 through 17 of Run 26

indicate total pressure duct losses approximstely equal to those originalily esti-

. mated. These same points gre used to evaluate the boom angls of attack and sirspeed

indicators. Uf the 8ix points, four show perfect correlaticn with wind tunnel

* angle of attack and the other two indicate 1/2 of a degree low. Half of .he points

. indicate perfect agreement with the wind tunnei airspeed; the other half indicate

1/2 of a knot low.

An examiration of the total duct pressures of the roll reaction control aystem of

Run 18 indicatee reasonable agreement with the expected values. No attempt to

’ completely analyze the rcli reaction control system is made because the duct q dats

~ are open to question. Aa wentioned above, these are the gages which were slow to

. indicate steady state values.

L

GA. FOHM 4aBly - e

Each plot in this section of the report is not analyzed individually since com-
parative data are plotted on each figure. In general, the agreement obtained from
the 1ift data is good between the full scale test and the data based on the small

scale equations. For some test conditions, the equation data give slightly higher

' values of 1ift than do the full scale wind tunnel date; and for other teat conditions,

the reverse is true wit- the full scale wind tunnel dats indiceting higher velues

of iift. As mentioned previously, the equation data are based on a net sjector
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thruet vaiue of (650 gounde ratner than the 7400 pound level indicated in the Lift
Izprovement Prograc data. The possible reason for this 750 pound deficiency is

discussed above.

The agreement cotained between the two sets of drag data is not as good as that
obtained for the 1lift data. Except for & very few cases, the drag values obtained
fr-a the full scale wind tunnel data are greater than those obtained from the
equation data. This higher drag value for the aircraft is easily explained when
the condition of the airpla..e as tested is compared with the condition of the model
on which the small scale equations are based. . general cleanup of the sircraft
wou.d certainly give an appreciable reduction in its drag level and produce &
better agreemsent between the two sets of data. The influence of the ejector flow

on the drag of the rear support strut is alsc reflected in this comparison.

A comparison of the sile force data obtained from the test completes the picture sc
far as force data are concerned. Similar to the 1ift analysis, good agrscment is

obtained between the full scale wind tunnel data and the aide force data based upon
the equations derived from the small scale wind tunnel test date. Although the side
force data are, in generel, quite good, there are a few cases vhere the side forces
do not pass through zero, but at zero sideslip, are offset by an appreciable amount

parsllel to the predicted levels. In other cases, & discontinuity in side force is

; shown for sideslip an;les close to zero.

With generally good agrsement of all of tne force data, the same would be expected

. of the moment data, but this is not the case. A comparieon between the iwo sets of

G ocoemes e S _——— e — . e —

L

pitching mument data indicates a somewhsat higher stability level for the full ascale
wind tunnel test results and the total nose up pitching moment is shown to be leas.
Because of these two facteors, although 8 reducticn in the control effectivaness in

pitch 18 indicated, the elevator angle required to trim under all test conditions
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is less then that ghown by the equaticns based on the smal: scale wind tunnel tests.

A comparison of the e.evator effectiveness (516 ) through ¢k mid deflectizn range
indicates fairly g.cd agreement between tre twoeseta of data. However, thc tctal
effectiveness (total pitching mcozent produced in gning from zers to maxizun elevator
deflection) shown by the full scale data is oconsiderably less than that indiceted
by the equations. Some of thas reduction in toitel elevatox effectiveness is

certainly due to the rigging of the contrcl system sc that the reaction cerntrcis

tend tc leve. off at a moderate defiection of the elevator.

Detailed analysis of the data by removing the reaction control effects indicates
that the elsvator alone ia tending to reach ite maximum effectiveneas point at a
relatively low dellecticn. For angles beyond 35 to 4C degrees, the additional
pitch’.'g momert available with increasing elevator deflection appears to be quite
ezali. This effect is hard to explain since ctgervatione <f tufts nn the herizontal
tall indiceted that the compicte teii, incliuding the elevatir, was elfective at
largo elevator defliections and large angliec of attack of the aircraft. In spite

of this reduced effectiveness, the pitch controi system is shown capable of trimming
the aircraft throughout the complste angle of attack range investirated. This

irciuded high angles of attack in the so-called deep stall regime.

In attenpting to explain differences in the pitching moment data, discussions with
Amca personnel indicated tnat the moment reference point used for data reduction
was 2.6 inches ahead of the actusl location of this point as tested. The original
data from the test indicated an even higher lorngitudinal stability level than

that shown by the data of this report since these dats bave been corrected for the
2.6 inch change ‘1 rgfercnce point. The effect of changiqg the dats by this amount

is the same as shifting the reference point 2.6 inches a&ft without changing the

notaticn for the new location. The pitching moment data and all other moment date !

A

are still presented about the 10 peroent mean aerodynaric shord point.
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" c.. inches cousists of thrie smail changes in the epparsnt

Tre wttachoeat loles for the bell ard sucket attachments to the

A

TAIN Gounting rads suppiied with the Hummingtird were not located &t the roints

urigina.iy intended. The uge cf tne 10 degree wedge deiween thy sccket eitach-

sents and the ccunting peds ass. changed ine locations of the vills and acckeis

g arrLry av
al IOl Ga

reialivi to the airpiane. an additicnk: cne ipch was fsund in a

Lagic drmension used in the date reductiocn equaticoe. Lengthy examination
revesled no ctner aimensiunal cranges of the .ocstion ¢f the airpiane in the
fuii scale wirnd tumnei. nowever, inst metion in trne actusation systim and connec-
ticne of tke suppoct syster could pessio.y aczcunt for some szall differences

in trhis area.

.
1 nLe

conventional {1ight data, &8 preeented in this report which includes the

<+t inch chenge ir the location «f the Hummingiird within the tunnel, indicate

exceliient &greexent in the longitudinszi staviiity levelaz for the tests with power
sn. ‘'‘he only sericus discrep&ney in thc comparison fcr trhis conditicn is the
pitching nowment coefficient for zerc iift at gzerc elevator deflection. lost of
this difference is expiained by ine arag of the unshielded rear strut. Everything
e¢.se on this run tends to verify tue revisel location sf the rsference point of

+he airpliane within the fuil scale tunnel.

Sowe of the remote readout panel data have been read for the tail angle of attack
values indicated by the vane located on the boom ahead of the horizontal tail.
Points frum svwme of the transition tests were read and supplied by imes personnel.
in addition, svme of the conventional flight values nave been read in an sitempt
to explain some of

the discrepancies in the pitching moment data. The reading

accuracy of only * 1.9 degrees when coupled with the general erratic naturs of

the downwash values obtained frum the tail sngle of attack imdication makea the

PRELIVIE TR A
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| data most questionabie, and none of these data ars presented in this report. 2
i

; random single point downwash value, no matter how accurate, is not indicative of

the average effective downwash field experienced by the hLorizon*al tail.

In Phase I of transition the lateral and directional stability levels were testad

f only at the lower thrust level corresponding to a Pt of 46 inches of mercury.

: Yo lateral-directional tests were made in the Phase gI configuration. The FPhase I
test results indicate increased stability levels in bhoth the lateral and directional
; modes &s compared t; the lavels predicted from the small scale tests. The indi-

| cated increase in directional stability can be accounted for ty drag of the rear
mounting strut as shown in Section VII. The indicated increase in lateral astability
or dihedral efrect is mcre difficult to explain. Although no direct effect of the
unshielded rear strut on rolling moment has been isolated, an induced effect

similar to those in pitching and yawing moments is not out of reason since the

a’ + ejector exit flow induces angularity to the flow at the rear gtrut as the airplane

ic ritched and yawed.

In some of the testgs, the data indicate that there is & discontinuity in bdbeth
rolling moment and yawing mowent through zero sideslip angle. In performing the

yavw test, the aircraft was generally yawed from zero in one direotion, returned

; to zero and yawed in the cpposite direction, and finally returned to the zero yaw
| i condition. By running the yaw test in this manner, the zero condition was

: approached from opposite directions during each run. Any lost motion in either
the drive mechaniem or the angle of yaw indication mechanism would result fn a
discontinuity of the data through zero, sinoe the Hummingbird actually would be at

a slightly different angie in the tunnel when a zero yawed condition is indioated.

Both lateral and directional control effectiveness data were run for all test

‘b conditions in Phase I of transition except at the sxtreme speed and thrust condition

GA. FOHM 42%H 0
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C mits {:r an PR »f 1.5°9. The only lrnteral directionz! control effectiveness

<

ats parfo=med ir Prage I7 wavro &t 100 kuots snd at an PR of 1.99, 1In general,
trhe latera” Airectinel -cntrn]l affectiveness data obtained in the full scale
wind tunnel terts are in agreemsnt with thnse predicted by the equations based on
the g il srale wind tunne! tests. Some minor differences do exist in a few
~aces. Howevar, the ~nly simmif.cant difference {ndicated by the full sﬁulo

wind tunne! data ig the reduction in aileron effectiveness includinr the reaction
contrel with negmtive deflectiorn of the aileron. In most teste, this reduction
ir sileron effoctiveness ©or negative defiections was quite pronounced, and in
nany cases the effectiveness actually went to zero. The nniy logical explenation

ol this effect wae that some portion of the roll control system must have mal-

functicned during the test.

Tracrs of the roll reaction control valves fcllowins the test indicated that “he
u-ward :ointed valves under ce~tain conditicns could 7~ into an cvercenter comtrol
“ever pogiticrn. Under twis ccndition, the afferted roll control valve would
relain et esserntiatlr a full cpen condition although the ailsron was returned to
its neutral yrositinn. Deflection of the aileron to a negative poeition would
cause tle valive t- move trward its closed poeltion. Evidence of such an over-
center ¢inditinn was foun! for the upward pointing valve on the right wing tip.
This evidence consisted of & bent place in the buliet fairing which houses the
roll contrcl valves. The size of tre dent indicates that full down trave: of

the right ailercn trobably occurred with the rcil control valve in the overcenter

poaition.

The magnituie of the discrepuncies obse~ved in snune ceases cannct bhe exnlained
entirely by this cvercenter condition. Although the right upward pointed reaction
contro) valve would be the one involved with a negative deflection of the ailerons,

otner minor maifunctions in the roll contrel systom or in the wind tunnel force

|
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readout gyste:z cruld nave besn assrciate. with thiz oondition aler.

Although the control effectiveness level appeared good, in some cases the lateral
directional data indicate a constant shift in the side force, rolling moment, or
yaving momernt lavels cccurred throughout the complete run. In other words, the
full scale data show & control level parallel to that predicted from the suwall
scale data but displaced vy a constant iacrement. VWhen this occurred in one
component, one cof tne cthers usually indicated the same trend. The conclusion
dravn is that one of the wind tunnel force readouts must have malfunctioned or
shifted siishtly during each of thease tests. Normally, the magnitude of this

shift is well within a reascnable change in force level.

Tre date of Run 41 plotted in Pigures 261 through 266 indicate that such a shift
or displacement occurred throughout the lateral directicnal control effectiveness
portion of this rmun which was made with a const.nt foul indicated on the balance
system. For the aileron effectivenass porticn, a shift i3 observed in all three
components: side force, yawing moment and rolling moment. Similar shifts occurred
durins the directi.nal control effectiveness portion of this run. A corparison
cf these data indicate that the same shift, magnitude-wise, occurred in hoth pets
of data for each compnnent. Tre same thingy occurred on a few other runs, but in
gencrel, only two -ut of the three compounents would be affected by this constant
aibift. Tre data g affested 28131 a-pears tr he valid s» long as this ghift {a
reco,nized. In many -ases, the va'ue c¢f the ahift which occurred is well within

the accura:y exne. tadl of such a teat.

With the exceptisns noted, the agreement between the full scsle wind tunnel test
data and the dat. predicted by the equations vased on the small scale test data are
good. L slighkt change in the hurizomtal tail incidence of the aircraft or e minor

¢han e in the downwash fieid at the horizontal tail, coupled with the pitching
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| os.ment cue tu the arkg ! the unshiciled real sappori, acc.unts for the differences

. inticsted in the pitening momernts f{or zeoo 1ift at cero elevator deflect.un. The

|3 2lity leval toriugnout Pregses I and II Of transition are nut too l

engec LN Sta

)

a_arning, nor are tre .rde:s of magnituse tuc great. The reduction in tctal .
erfectivencus (& the pltcn contrel system gecing from zero elevatcr deflection to
£l elevat.r del.ecticn is coppiete.y unexpiained, but the level indicated by

tne [ull scale Cmta utlll provides adequate controli capability for the aircraft.

In zeneral, rcthing was indicated by the full scale wind tunnel tast whiohL would ;
have ;revernted the aircraft having been flight tested throughrout the transition
recime, had the data peen collected previous to the actual attempts. Kowever, a i
me.re extensive cr exhaustive examination of the data woula certainly have been in
vrder, since the differences batween i.e full scale wind tunnel tests and the data
derived {row ile amall BcAie equations &re purtialiy unexplained in some areas.
Tre largest discrepency, of course, is in the net ejector lift value which was
aetermined for the static test and used in the small socale equations data comparison |
fcr the otuer tests throughout transition. The shift in the zero (ift value of
pitching moment and the reduction in the overall value of reaction control in pitch
sre disturbing. The fact that the data indicate that successful transitions are

completely lemsible was verified by the number of tramsitions made in actual

flirsht tost.
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Wing
Area
Aspect HRatic
Span
Flap Area
Afleron Area
Sweep at 50% Chord
Root Chord
Root Airfoil
Root Incidence
Tip Chord
Tip Airfoil
Tip Incidence

M:A.C. Length

Yertical Tail
Arsa

Aspect Batio

Span

Rudder Area

Root Chord

Tip Chord

i Sweep at 25% Chord
Airfoil

l ﬁoA aCo Lexlgth

Volume Coefficient

" eEED AR _NASY COMSTRAYICH
FETYYA SELRG A

PISURE 3
THEQRETICAL AEPCDYNAMIC DATA

104.17 ft.
6.0

25.0 ft.
13.02 sq. ft.
4.26 8q. ft.
0

72.0 in.
64,012

1.5°

268.0 in.
64,212

1.5°

53.23 in.

21.93 sq. ft.
1.194

61.414 in.
4.55 sq. Tt.
66.0 in.
36.85 in.

32° 8¢

64A012

52.4591 in.

0.1098
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PIGURE 2 (Continued)

Horirontal Tail
Area
Aspect Ratio
Span
Eievator Area
Root Chord
Tip Chord
Incidence
Airfeil
4.A.C. Length

Volume Coefficient

26.44 oq. ft.

1.303 |
128.0 in.

5.29 s3. ft.

42.5 1in.

17.0 in.

0

0010-2.00 - 40/1.575

31.5%1

0.895
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TABLE OF SYYBOL3
b theoretical wingapan (25.0 ft.)
i 3 maan aerodynamic chord (4.43 ft.)
¢y drag coefficient (D/qS)
! CL 1ift coefficient {i/qS)
i
8, rolling moment coefficient 1/qSb)
i
i C pitching moment coefficient {/q )
!
g C, yawing moment ccefficient {N/q5b)
3 Cy side force coefficient !Y/qS)
D drag (1b, aft positive)
! L 1ift (1b, up poeitive,
) :
' 1 rolling moment {ft-ib, right wing down positive)
|
| .
. ; v pitching woment {ft-it, ncse up positive;
| i
i ; N yawing moment {It-1d, nose right positive)
' j Y side force (1b, right poes.tive)
: EPR enyire vressure ratic (P, /P )
: t. s
E s
' Pa azhient preasure (in. Hg)
£ . P enzine teilpipe pressure {ir. Hg)
: 5
. q dynamic pressure {1/2 2 Vz, lb/ll'tz)
i o
: S ving vlenform area {104.17 t°)
!
v airepeed
j a angle of attack (deg, nose up positivs)
‘ /ﬁ angle cof sidestip (deg, nose left preitive)
. s a aileron deflection angls (deg, traiiing edge down positive,
; total alieron is egaal t. right allercn deflectisn minus
' 1 left aileron deflection)
!
i
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FIZTiz 5 (Continued)

elevator deflection angle (deg, trailing edge down positive)

rudder deflection angle (deg, trailing edge left positive) ‘

etoospheric density (1d lec2fft4)

angle of yaw {deg, nose right positive)
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\) FIGURE 6

PUN SCEEDULE SUMMARY

Run P, (in. Hg) vV {knots) Phase Type of Run

5
- = T — VR
A Yariad Varied I Liectoy Exit Hake Jurvey
I rjector Zxit Hake Survey
2 Varied Yaried B4 Ejector Exit hake Survey
iz tjecter Zxit Hdeke Survey
g Varied ) i Static Hun Amw 1Y
46 0 I Polar
l Elsvator Eifectiveneus X -
} 4 46 30 i “clar
i
’ Ps 4 40 I Polar
3 46 7 17 Polar
Zievator “ifectiveasss K a
7 A 45 I Poliar
Eilevator Effactiveness K= of
I 45 85 T Polar
Llevator Effectiveness o =~ 0
& 4z 30 I rolar
10 45 50 1 zlevator Effectiveneas XA = =10
i Elevator Effectiveness (= T
L a3 4o 40 I Pclar
112 45 50 1T Polar
1z 4¢ 20 I rolar
I .
B 1 A€ 20 I Polar
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Run F, {(in. Ha) Y (knotg) rhkes Type of Run
5
15 46 5C X Polar
Elevator Effectiveness o = 20

* 46 50 Yav Ran
E Ailsron Effectiveness =20
16 45 20 I Elavatcr Effectivensss XK= 0
‘ 17 45 40 I Yaw Rua
; Allernn Effectiveness PeO&s8
i Rudder Effoctiveness ¥=04%& 58
i8 50 A2 I Aileron Effectivenessa V= G
' Rudder Effectivensss F=0
% 19 46 30 1 Yaw Run
r 0 A€ 40 I Polar
A 46 50 I Polar
22 60 30 I Aileron Effectivensss ¥w{
[ fudder Effectivenses ¥e O
45 50 I Aileron Effectiveness Y= 0 & 10
Buvddar Lffectiveness e 0 & 10
23 A 20 I Alleror. Effectiveness Ye 0 & 10
Rudder Effactivsneas i=0 & 10
Iav aun
24 80 %0 I Paiar
Elevator Zffsctivanesa e 0 & 20
E 25 60 J i Alieron Effact.viness a0
i ruddsr flactivenesa ¥ =0
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Run (ir. Hg) vV (xnots) Phase Type of Run
5
26 60 70 I Polar
Zlevator =ffectiveness
27 €0 10 X Polar
Elevator Effectiveness
28 30 80 Conventional Polar
Elevator Zffectivensss
Aileron Effectiveness
Rudder Effectiveness
29 30 40 Conventicnal Polar
20 30 80 Conventicnal Yaw Run
Aileron Iffectiveness
Rudder Effectiveness
31 30 80 Conventional Polar
Yaw Run
Elevator Effectiveness
Aileron Effeciiveress
Rudder Effectiveress
32 Yaried O Conventional Power Effects X = Q
53 Varied 80 Conventional Power nLffects K=0
46 g0 Conventional Polar
Elevator Effectiveness
24 Varied 40 Conventicnal Powear Effects X = 0
35 30 80 iI% Polar
Yaw rHun X=0 %8
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Run P, (in. Hg) V (knots) Phase Type of Run
p)
; 36 60 100 11 Polar .
37 Varied 0 I Pover Effects Xa =12
46 20 I Polar
Elevatos Effectiveress Xe O
18 Varied 0 I Power Effects a0
46 40 I Polar
46 40 I Elevator Effectiveness X w0
Aileron Effectiveness VeO
Rudder Effectiveness ¢¥=0
39 Varied ¢ I Power Effects K e 12
60 0 I Elevator Zffectiveness Ke 12
Aileron Effectiveness [
Rudder Effectiveness ¢ =0
40 60 50 I Polar
Clevator Effectiveness X a0
41 46 50 I Polar
Elevator Effectiveness X=0
60 10C II Elevator Lffectivencss Ke O &8
Alleron Effectiveness =0
Rudder Effectiveness a0
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