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I. IgTHQDPCTIOS 

The U. S. Aragr XV-4A Husmlngbird Aircraft Serial Ruaber 24504 was tested In 

the 40 x 80 Foot Vind Tunnel of the Aaee Reaaarch Center froa Au^uat 26, 

1964, through Septenber 11, '964. A« a part of the original Huaaingblrd 

contract (DA 44-177-TC-775), these teats were to hare been aocoapliahad 

prior to the first transition atteapts. A nuaber of postponeaants resulted 

in the wind tunnel tests being conducted nearly a year after successful 

transitions were performed. 

The tests consisted of 41 runs and a total of 944 test points. Tests were 

conducted over a range of speeds in all phases of flight froa horer through 

transition to conventional flight. Pitch and yaw runs, as wsll as control 

effectiveness runs in all three modes were aade. Many of the pitch runs were 

made weil into the so-called deep stall angle of attack range. 

THU 4i»«■» 
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II.    SDMMAfiT 

The results of the XV-4A HusBin^bird tssts In the Aaes 40 x 80 Foot Wind Tunnel 

are presented and analysed. The 41 runs aade Included pitch, yaw, and control 

effectlreness tests In hover, transition, and conTsntional flight. 

As tested in the wind tunnel, the Humingbird configuration vas the saae as that 

flight tested. To acooaplish the test, the main landing gear was reaored for 

attachaent 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- 

tor« were provided for the remote control of all aircraft control systems. 

Control surface position potentioou. .era provided signals for the indication of 

control deflections on a remote readout panel adjacent to the remote control 

panel located in the wind tunnel control room. 

The minimum printout unit values of 12 pounds in lift for pitching moment, 6 

pounds in lift difference for rolling 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 IBM data reduction system used 

reduced data promptly. 

The final wind tunnel data are plotted in two forms. A standard aerodynamic 

coefficient form is used for presentation of all of the data.  In addition, the 

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

Only the convwntional flight configuration test data are analysed in the co- 

efficient form, and the hover and transition data are analyzed in the dimenpional 

form. 

The tests of the conventional flight configuration with the engines thrusting 

indicate good agreement with other data in all parameters except the pitching 

Ö A f OH M 4^ei< « 
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moment coefflciant at zero lift with neutral elevator and the directional sta- 

bility level. The pitching moment and yawing moment coefficient« generated 

by the dreg of the unshielded rear support oan account for the majority of the 

discrepancy. 

Good agreement is obtained between forces 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 730 pound reduction In the ejector net force 

value from the full scale wind tunnel tests. The agreement between the moment 

data is not quite as good with the full scale wind tunnel data indicating 

increased stability in all modes, limited control effectivenees in SOBS oases 

and a nose down shift in the pitching moment data. Although a crude shield for 

the rear support was installed and Indicated little change in the data, the 

shift in th» pitching moment data and the directional stability level change 

eta be generated by the dra^ of the unshielded rear support which was used 

throughout the major portion of the tests. 

If these tests had been conducted previous to successful tratsition flights of 

the Hummingbird, none of the results would have prevented these flights, but 

some of the data indicate the need for additional analyses to explain some of 

the difference« observed between the full scale wind tunnel tests and the 

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

scale test« probably being indicated in some areas. 
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III. DESCRIPTION OF ATRCRAPT AifD TEST SETUF 

The external configuration of the aircraft wa« unchanged from that which wa« 

flight tested, except that sotae wiring and plumbing hftd to be attached to the 

ekln externally. The external wiring and pi 'oblng were held to a mininoa and 

were located mostly in the nacelle and under fuselage areas. Two external 

longitudinal tunnels were used under the fuselage between the ejectors, but 

these tunnels were also present during flight tests. The leads from the tail 

angle of attack indicator were attached to the lower surface of the horizontal 

stabiliser between the boo« and the point where they entered the rertioal 

stabiliser. 

Figure 1 shows the Hunaingbird mounted in the Ames 40 x 80 Foot Wind Tunnel, 

and Figure 2 gives the general arrangement with the basic dimensions of the 

aircraft noted on this figure. The theoretical aerodynamic data for the 

Humaingbird are given in Figure 3« 

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

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

functions necessary for operation of the aircraft in all flight regimes and 

included the controls for the fire extinguishing system. The engine fUel controls 

w«re positioned from the remote 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 aircraft. 

Electrical actuatora, operated from the remote control panel, were located in 

the cockpit and supplied the forces and motion» to the aircraft control system 

similar to normal pilot inputs. From this point, the normal aircraft control 

systems were used to position the aerodynaric control surfaces and the respective 

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

s.  F OIM «'»f  " i 
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wer« removed fro« the cockpit to prorlde apaot for moxmting the electrloal control 

•ctuAtors. The existing aircraft syeteB» were used through remote control! to 

poa tlon the flaps, the ejector inlet and exit doors, the nose gear, the boundary 

layer control air valve for the horiaontal tail, the engine dlverier valves, and 

the bleed air valves for the lateral reaction controls. 

The positions of the various controls were shown by indicators Mounted in the 

remote readout panel. These indicators were positioned by potentioneters Installed 

at the respective control nrfac^s. Figure 4 ia * typical picture of tb* remote 

readout panel as photographed for data recording. In addition to the control 

positions, operating pressures for the reaction control system», the horiaontal 

tall boundary layer control pressures, angle of attack, angle of sideslip, tall 

angle of attack, boom airspeed pressures, and engine tall pipe pressures (P. 's)   i 

were presented on the remote readout panel. 
i 
i 

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

j 
system, which Is connected to the external balance. Special mounting pads were 

manufactured and Installed in place of the main landing gear to which the ball     j 
i 

and socket attachments of the two main wind tunnel struts were fastened. Theee    j 

mounting pads were designed to provide a distance between the aai strut attachment 

points, or tread, of 68 inches, which permitted a yaw angle of 20 degrees before 

..aterference was encountered on the mounting system in the tunnel. A special 

fitting designed to distribute the load equally to three of the aft fuselage frames 

provided a mounting pad for the ball and socket of the rear wind tunnel strut.     < 

I 
Since these frames are not normally subjected to high concentrated loads, local 

beefup of the three frames was required to transmit the loads into the aft fuselage 

basic structure. The tail length, or distance from the main strut center line to 

the center line of the tail atrut socket, was 135-6 inchec 

-J 
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The r«Bot« control l©ad», instruoentatlcn leKln, fuel line«, CO. line», And 

! electrioal 8t»rt power lines were run frca the wheel well» down thb nain »truts. 
( 
1 

Theae lead» were taped »olid to the exposed potion of the strut» and ware run 
I 

down through the windehielde which protected the remainder of the forward »trut« 

i 
froQ airload» which otherwia« would be measured by the balance aj»t»m.    The 

regular fairing or windshield for the raar strut wa» damaged in the test preceding 

the Huamingbird test and 1*8 not used. Howerer, a crude stationary windshield 
1 
1 

was fabricated and installed prayiou» to Run 57' Run» 57 through 41 include the 

effect of thl» crude rear strut windshieH. 

Basically, the rear strut of the support By»tem 1» designed to carry axial lead» 

only, having a ball and socket mount at the aircraft and a gimbel attachment to 

the balance system underneath the tunnel floor. As the aircraft i» yawed, the 

rear »trut attachment under the tunnel floor follow» a path perpendicular to the 

1 center line of the tunnel by means of a »eparate drive system controlled by limit 

' switches. The main rapport struts remain rertical at all time», and move fore 

and aft, a» well as crosswise, in the tunnel a» the aircraft i» yawed. 
i 

The external balance system of the tunnel 1» compoaed of four lift posts, two 

aide force links, and one drag link. The detail» of the support and balance »y»ttta 

I 
are described «ore fully in Reference 2. 
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IV.  DATA RJEDU'JTION j 

All wind tunnel data were read on the external balance system and reduced to       i 
i 

coefficient form baaed on the win^ chord plane diBeneione. The moaent data were | 

transferred to the «tability axes with an origin at the 10 percent Man aerodyna«ic ' 

chord point which is located in the aircraft at fuselage station 285.5 »ad water \ 

line 100.0. Ving dimensions used for deta reduction to coefficient for« are: 

Wing Area (s) - 104-17 square feet 

Mean Acrodynaffiic Chord (c') ■ 4'43 f«st I 

Wing Span (b) - 25-0 feet 

The wine aPari dimension used by Amea for their data reduction was 25*9 fset. 

However, for the data presented in thie report, a rorrection was made to reflect 

a wine,- 8P*11 of 25.0 feet as noted above. This correction was aad« to facilitate 

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

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

definition of symbols presented in Figiuv 5« These are used throughout the entire  , 

report. I 

In addition to the normal wind tunnel weight and data tares, a special correction 

was included in the data reduction for the drag of the rear strut which was not 
I 

protected by a fairing or windshield. This drag value was based upon tunnel free- 

stream q} however, in most instances at least a portio;; of the rear strut was 

exposbd to flow from the ejector which in general was at a much higher q than the 

free stream tunnel value, thus having a higher drag value than indicated by the 

correction. The drag on the rear etrut also introduces a pitching moment into 

the data. No attempt was made to correct the data for this induced pitching 
1 

moment, which is in a nose down or negative direction. The magnitude of this 
1 

correction is discussed in Section VII.  For Huns 57 through 4I1 • crude atationary | 
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ff j  fAirin^ «»• li»«t*iied in th« wind tunnel to protect the r«*r etrut from ao«t of 

|  the drag lead induced by the air flow. 
i 

i 1  Nornal wind tunnel wall effects corrections were applied to the data for the 
conventional flight configuration of the aircraft. Wall corrections were not 

i 

applied to the transitional flight configurations 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 net well defined. In addition, Ames 

|  personnel expressed the opinion that the wall effects for the 40 x 80 Foot Wind 

Tunnel arc negligible for transition tests. These tests were tc serve as a check 

of wall affects by comparison with flight test data and the snail scale wind tunnel 

tests. The amount of flight teat data is too limited for a reasonable evaluation. 

Two methods were used for recordino: the forces as indicated on the readout scales. 

•        one was a card punch system which recorded 10 samples for each data point. The 

IBM data reduction system averaged these 10 samples to give a single value for 

I  each of the components reduced for each test point. Prompt data reduction was 

supplied by this system throughout the test. 

The smallest unit recorded on the data punch cards had the following values« 

12 pounds in lift sunaation for pitching moment; 6 pounds in lift difference for 

I  rolling moment; and 2.4 pounds for drag or side force. When these values are 

l  reflected into moments, the printcut accuracies ere as follows« approximately 

400 foot-pounds in pitching moment; approximately 200 foot-pounds in rolling 

moment, and approximately 60 foot-pounas in yawing moment. The overall accuracy 
I 

of the balance system is not quoted; however, it was used to a small percentage 

of its capacity. 

The second, or backup method of raoording data consisted of a tape printout system 

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

■> M M ■♦ ' " M  ^ 
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point. These tapes had tc be read aanu*Uy And were used only in oase of a failure 

of the primary card punch systea or In case there was any question of the final 

reduced values as obtained from the card punch s>atea. The tapes vere raad to the 

nearest 3 pounds on all fmr lift rmluee and to the nearest one pound on the other 

components. For the Kusain^blrd test, the card punched data was used entirely 

except for 3 or 4 runs in which cases signlfloant discrepancie» were found in the 

values used to determine the pitching moaent. For these cases, the tape values 

were read and later used in the IBM redaction prograas. 
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V.  SCOPE OF THE TSSTS 

The full scale tests of the Huminghlrd Included soae runs within all regimss of 

flight for VTOL »ircraft consisting of hover, transition and ocnventional flight. 

The amount of hover testing was quite liaited, primarily due to the restrictions 

imposed by the wind tunnel. Although the overhead doors of the test section were 

open for all hover testing, the tunnel walla still introduced certain restrictions 

on the test conditions, and continued hover testing induced tunnel q. The major 

portions of the tests were performed in the transition regime, which is the more 

difficult operational region for all VTOL aircraft. A few runs were made in the 

conventional flight regime at two velocities, in an attempt to determine some 

Reynolds number effects. In addition, an engine calibration run was msoe at zero 

tunnel q. 

Figure 6 la a summary of the runs that were made during the teat. The definitions 

of the various phases of transition which have been used throughout the entir 

Hummingbird program were adopted for the full scale test and are used in this figure. 

These phases are defined as follows' 

Phase I  - Both engines are diverted through the ejector lift system. 

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

and engine #2 is diverted through the ejector lift system. 

Phase III - Both engines are exhausting through the conventional tailpipes 

but with the ejector doors still opened. 

» 

The teat speed is noted for each run with all runs being made between 0 and 100 knots« 

The engine thrust level for each of the runs is indicated by a P.  value which is the 
t5 

engine tailpipe pressure expressed in inches of mercury with a value of 30 noted for 

the engine inoperative condition. 
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Ejector exit rake surveys were Bade during the first two rune in an attenpt to 

determine the groos thrust level of the ejector. These rakes w*ir» inst-lled in the 

left elector bays. Since the amount of pressure instrosentation provided by the   ; 

limited number of rakee was considered to be inadequate, no data are presented) 

however, an examination of data by Ames showed fairly close a^reeaent between the   i 

groBB thrust values derived from these data end the net thrust values obtalfted fro« ' 

the balance systes. After Runs 1 and 2 were completed theae rakes were removed and 

no pressure instrunentation of any sort was used within the ejeotors for the re- 

mainder of the test. 

The maximum raage of angles of attack for the polare was fron -12 degrees to +28 

degrees| however, many of the polare did not span this oosplete range of angles 

but were ehorteaad sonewhat on either end. The yaw angles tested ranged froa 

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

For the powered runs, the P 's tested ranged between 33 *nd 66 Inches of mercury. 

5 
Nominal values of P  of 46 inches of mercury and 60 inches of mercury were used 

; 5 
for the constant thrust runs. 

The control effectiveness runs were made over the complete range of deflections 

for each control surface. In the VTOL configurations, the elevator deflections 

tested ware between 0 and 32 degrees. In the conventional flight configuration, 

these limits were plus and minus 90 degrees. The range of rudder deflections 

; tested was between -20 and +17 degrees. Por aileron effectivene««. the deflection« 

varied from -IT^fco +1? degrees per aileron. In general, these control surftoe 

1 

deflection limits were somewhat less than the desigr. values for the airplane. One  ! 

reason for this was the fact that the remote control actuators did not permit full 

deflection of most aurfeces. However, in some cases, the actual design values were 

not realized partially becauae of control system deflections and stretch under 

load. 

.'* 
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Since the Hvusningbird was rlggadi for conplate rtmot« operation, the eaote number of 

test points could have bean accumulated in a shorter period of time if it had not 

been for certain iimitations on the tunnel operation, or conrersely, more test 

points could have been accumulated during the span of the test. These limitations 

were temperature and contamination caused by the operation of the engines. Since 

the wind tunnel does not have facilities for exchanging the air while running, 

much 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 

maximum allowable temperature of the tunnel was originally set at 115 degrees P; 

however, on many runs this value was exceeded with the temperature during one run 

actually reaching 135 degrees F. 
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VI.  FLOTTE) C0£/'Fi:iüfr DATA 

.    i 
All of the data accuaulatsd during the tests are plotted In Figures 7 through 156    j 

in the form of Aerodynjuaic coefficients with the exception of the data for the      ! 

1 effects of power and control in hover presented in actual forces and mosants* These 

data are plotted in the standard fore for wind tunnel test results, except that drag 

coefficients and pitching moment coefficients are plotted as a function of angle of  j 

attack rather than lift coefficient. Angle of attack is used for conTenience since l 

the lift ccefficientfl have such high values iv.r the transitional tests where test 

speeds are low and the forces due to ejector thrust are large. 

The tunnel q values varied subs., .tially during a constant q run. In the noraal     ' 

IB'A  data reduction procedures each test point la reduced at the individual q of the 

test point rather than at a nominal value for the complete run. For the tests In 

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

vidual q's is greater than that experienced in the conventional configuration since 

the forces and moments are primarily the result of the ejector thrust rather than   i 

normal aerodynamic forcee and moments. The coefficient data as shown in this report 

have been reduced to a constant q value for each run thereby minimizing the amount 

of scatter due to the variation of q within a singls run. The single value of q 

used ie that based upon the specified test value of velocity for each run- Figure 

157 give«« a typical comparison of the coefficient data as presented by Ames using 

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

c nstant q tliroughout the entire run. To be consistent, all of the cosffioient data 
i 

arc based upon the constant q value for each run. 

j, ■ r HM 17M' « 
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VII. AMALYSIS QP THE C0yVBHTI3NAL FLICHT DATA 

Since th» Hunaingblrd ha« flight and handling characteristics slnllar to any other 

airciaft in the normal or conyentional flight regiae, the coefficient for» of th» 

wird tunnel data is used for this analysis. Figure 138 is a tabalation of the 

stability and control levels indicated by the full scale data in the conrentional 

flight coniiguiritlon and corresponding estimates based upon the results of the 

saall scale wind tunnel tests of Reference 1. All of the nontal aerodynamic 

parameters of interest ere tabulated. A comparison of the two sets of data, point 

by point, indicates good agreement for the lift and side force coefficients. The 

agreement between the other components is somewhat poorer. 

f 

! Although the agreement between the pitching moment coefficients is not T»ry good for 

the power-off test, the agreement with power on is quite good except for the' C. 
' ' ' ' n 

0 
value. The disagreement shown in the CM values is probably due to the pitching 

' o 
moment oaused by the drag of the unshielded rear strut, "eing a CL value of 1.18 

o 
for the drag aoefficiont of the circular rear strut as shown by Reference 5» *n 

i average diameter cf 6 inches, a length of 20 feet, and the center of the strut drag 
i 
1 10 feet (d^.) below the Hummingbird center of gravity, an estimate of the generated 

j pitching moment coefficient is as follows« 

M - -D x d, « -10D - -10 C. q 3 ,  , D strut 

• 10 Z    q ('20 x O.S) - -100 C q 

-10Ü 

'M " q S c  " q (104.2) (4.437 " q (104 w  w 

-0.217 -Vj - -0.217 (1.18) - -0.256 

•2) (4.45; 

-O.256 

The data of Figure 158 show a difference in C^, of -0.^58 between the full scale 
0 

wind tunnel data and the estimates from the small scale wind tunnel data. A large 

a A V OPM * J * i*  B 



• IfOHTNO. cIR-7634 
LOCKHEED    GEORGIA COMPANY , WL XV-4A 

P4SI 
l»H rt- T T «     OEORO    » 

I    .ercenta,;? 0:   tr.e  iiscrapar.-y m v.,^    ci*r< be accoimtad for by congld«ring the soacct 

due  tc U.<   rear strut drag ir. conventlonAl  flight.    A forty percant incr«*M In th« 

roar strut drag jver the ftb^ve calculftted value wcu^d give complete agreement. 

1 

A similar analysis of the effect nf the rear -trut drag on the directional »tability 

\,CM        ) follow»: 

L-C^S.trut-  -^(I0)q 

N - D lt 8in/5        - 11.8 q (^'^ ) sin^ 

For srali angles, 

where       /3      IB in degrees, and ' 

N - 11.8 q  (4^)         /?/57.;  - 2.295 q/? 

CN - 2.295 q   /3     /qsvbv -    (l^^^3t0) - 0.00CS8/?                                              j      ^ 

C,.            - 0.00088/Deg. i 
V :     i 

This analysis indicatee that the level (0.0045) «hown for the full scale wind tunnal 

teat data is too great by the 0.0009 value. A reduction by this amc.unt gives a 

C     level of O.OOjC as conparod to 0.0050 for the .'W.ll scale value. If the 

forty percent increase in the rear strut drag to give complete agreement for the 

C., value is used, the C"     value becomes O.OO53 for the full scale wind tunnel 
0 N/? 

tests which is good agreement. 

The poor agreement, power off, may be partially explained by the change in the flow 

pittem about the aircraft due to the windmilling engines. The small scale model 

actually had open, free flow type nacelles, and the internal drag of the nacelle 
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ayateo WAS remoyed from the wind timnel data. Unfortunately, mott of the full scale 

data were run with the en^inss windmillin^ rather than power on. All of the lateral 

directional teste were made with engines windmilling. 

Little flight test data are available for comparison with the wind tunnel data of 

the conventional flight configuration. However, based upon pilot comments and 

observations, the flight characteristics of the Huaaingbird tend to more nearly 

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

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

j data. The trim elevator settings required for the Hummingbird correspond more nearly 

| with the small scale data, but good correlation with the full scale data can also 
i 

j be obtained if the above correction to C  is made for the effect of the drag of the 
' o 

' unprotected rear strut. 

a 4 ^ o »M 4 i ft P ^ 
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i mi. ANALYSIS G? THE HOVER AlfP TRAHSITIOK DATA 
l 

All of the hover «nd tranaition datÄ from the full scale test« of the Huaaiingbird   ' 
i 

are given in Figures 159 through 266 in term« of foroes and moment« rather than la  j 

oocfficient form. This form of presentation i« used for these data since the forces I 

ana moments are primarily a result of ejector thrust rather than the result of     I 
I " ! 
: normal aerodynasdo effects, and is considered acre meaningful than the coefficient ; 
i i 
\ form. In addition, the equations of Reference 1, used to predict the Huaaingbird 

' characteristics in hover and transition, are written in tens cf forces and noaente j 

i i ; rather than in the coefficient form. Values determined fro« these equationa 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 oaloulated   I 
i ! 

I forces and moments are based on a net ejector hover thrust of 665O pounds for sea 

j level day take-off thruet on the two JT-12 engines installed in the aircraft. 
t ! 
, i 

i 

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

j 450 pound« which, when added to the net ejector thrust value, givea a net airplane 

I thrust equal to 7100 pounds as shown in the data of Figure 26?. This ie the value  | 

! obtained when the teat data are extrapolated to the take-off thrust engine pressure 
i 

I 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 a surprisingly small mount of scatter. However, the net ejector 
i 

, static thrust value of 6650 pounds at the design engine pressure ratio of 2.28 is 

750 pounds less than ihe value of 7400 pounds which has been shown for the same 
1 

ejector configuration on tests in the Lift Improvement Progra« conducted at the 
j 

Lockheed-Gecrgia Company. The possibility of a small difference in thv priaary 
i 
i nozzle area of the manifolds of the two teats and some saall secondary configuration 
j 

1 differences exist which may account for some of the difference in these thrust 
i i 
j values. ■ 
I 

I I 
! 

« M 4 ^ B H  « 
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The 750 pouud diBcrep«Jicy in net ejtctor static thrust also M.y b« partially 

eiplain»d by tht vertical coeponent of the ajeet^r exit flow aion^ th« unshielded 

rear wind tunnel eupport. The motüent generated by this negative lift force is 

positive or noae up which is opposite tc the net moment generated as compared 

with the Lift Inproveaent Prcgraa data. However, the drag fcrce on the rear strut 

generated by the hori«cmtai cosoponent of the ejector exit flow acts at a larger 

arm near the wind tunnel floor giving a negative mement. With a dra^ force of 

the aate order of magnitude as the negative lift en the rear strut, the pitching 

rucaent froa drag is apprcjcioatsly twice that generated by negative lift. Although 

exact values janact be placed on these effects, both the lift deficiency and the 

cnange in pitching scaent can be generated by forces acting on the unshielded rear 

wind tunnel support even in the hover mode. 

The value of net ejector thrust used in the small scale equations was the 6650 pound 

level indicated by the static test in the full scale wind tunnel. This vm^ue seem« 

tc satch the lift data obsarved on the transition tests more nearly than would the 

74OO pound thrust level. The use of thia lower value also gives a more conservative 

coaiparieon with the full scale wind tunnel results. A limited quantity of flight 

test data have been reduced. These values are shown on the corresponding plots of 

full scale wind tunnel data of Figures 217, 255» and 243' 

The aerodynamic characteristics of the liumningbird as predicted by the equations 

based on the email scale wind tunnel data of Reference 1 do nox include the effects 

of the reaction controls. The reaction control effects are evaluated 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 1.55 

corresponds to a tailpipe pressure, P. , of 46 inches of mercury and the pressure 
o 

ratio rtlue of l.r9 corresponds to a P  value of 60 inches of mercury. These 

G»- PO" M 42CH • <* 
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engine pressure ratioB arc based on the average ambient preamire of 50«1 tachas 

of mercury ac cbserved duririfj the test. 

The yawing Boitants producad by reaction controle as a function of ruddar dtflaction 

are shown In Figures 26°  and 270 for fixed elevator deflections and for the two 

normally tested engine pressure ratios. The yawing «oments are prasantad for the 

various elevator deflections which cover the test ran^ja to give the affeot of the 

pitch reaction control on the yawing stooant. 

Figure 271 presents the rolling moment available from reaction control a« a function 

of aileron deflection. The sama twn values cf engine prassvra -_,lo are used for 

these data. 

All of the reaction control moments presented in these figuraa are baaad on the 

caL.itiratier. curves for the aircraft as tasted and on the respective gas flows for 

the particular reaction control corresponding to the test engine pressure ratio. 

The reacti n centre1 gas flows are based upon previously detannined values for an 

engine design pressure ratio of 2.28. The estiaated values of gas flow ware used 

since the values which cjuld be determined from tha data presented on the readout 

panel durin6- the test are open to question. The test values are questionable 

because time was not allowed for seme test pressurv1 gages to reach steady state 

values' The tijie required f r seme of the gages was quite large and was not 

expended in an attempt to obtain as man,}' runs as possible during the limited spam 

of the test. 

The data of Figures 208 through 215 compare the actual reaction control effectivenass 

obtained in Run 39 for the Hummingbird as tested, with the values evaluated 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 

Figure 208} however, at the high elevator deflections, some discrepancy dees exist. 
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Tli« »gr««a«nt fhown in Figure 211 for tho r«»otion control in roll i» accept*bl«, 

but tb« test data hAT* bean dispiaoad through z«rc aileron deflection by approx- 

imately 2700 foot-pounds, and the teat reaction control is not as effective for 

the negative aileron deflections. Figure 213 sbovs a slightly higher «ffsctiveneaa 

fro* the yaw reaction control as determined for addition to the «»all scale equation 

data than the value obtained from the actual test points. However, the computed 

values are certainly within acceptable tolerances. 

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

indicate total pressure duct losses approxiaately equal to those originally esti- 

oatsd. These same points are used to evaluate the booos angle of attack and airspeed 

indicators. Of the six points, four show perfect correlation 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 tunnel airspeed! the other half indicate 

1/2 of a knot low. 

An •xaaination of the total duct pressure» of the roll reaction control system of 

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

completely »nalyze the roll reaction control system is made because the duct q data 

are open to question. As mentioned above, these are the gages which were slow to 

indicate steady state values. 

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 lift data is good between the full scale test and the data based on the small 

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

values of lift than do the full scale wind tunnel data; and for othor test conditions, 

the reverse is true with the full scale wind tunnel data indicating higher values 

; of lift. As mentioned previously, the equation data are based on a net ejector 

f  JHM 4iB('  « 
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tnruet value of 66>C pound? ratr.er t^iar the 7400 poiuid iev«l lr.dic*t«d in the Lift 

Icproveaent ?VQgr*z.  data. The poseible reason for thie 730 pound deficiency is 

dlecuüsed above. 

The a^reenent obtained between the tv^ sets of drag data is not as good as that 

obtained for the lift data. Except for a vary few oases, the drag values obtained 

fr 3 the full scale wind tunnel data are greater than those obtained from the 

equation data. This higher dra^ value for the aircraft is easily explained vhen 

the condition of the airplane aa tested is compared with the condition of the aodel 

on which the snail scale equations are based. A general cleanup of the aircraft 

would certainly give an appreciable reduction in its drag level and produce a 

better agreement between the two sets of data. The influence of the ejector flow 

on the drag of the rt'ar support strut is also reflected in this ooaparison« 

A comparison of the side force data obtained from the test completes the picture sc 

far as force data are concerned. Similar to the lift analysis, good agrseaent is 

obtained between the full scale wind tunnel data and the side force data based upon 

the equations derived from the small scale wind tunnel test data. Although the side 

forco data are, in general, quite good, there are a few oases where the side forces 

do not pass through zero, but at zero sideslip, are offset by an appreciable aaoont 

parallel to the predicted levels. In other cases, a discontinuity in side force is 

shown for sideslip an^lea cloBe to zero. 

With generaily good agreement of all of tne force data, the same would be expected 

of the moment data, but this is not the case» A comparison between the two sets of 

pitching moment data indicates a somewhat higher stability level for the full scale 

wind tunnel teat results and the total nose up pitching moment is shown to be less. 

Because of these two factors, although a reduction in the control effectiveness in 

pitch is indicated, the elevator angle required to trim under all test condition« 

1 
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is less thin that g^.own by the equations based on the srali scale ifind funnel tests« 

A coü.pariaon of the el«vatcr effectiveness (Mc ) through th^ add deflecticn ran^« 
be 

indicates fairly gi.cd a^freenent between the two seta of data. However, the- total 

effectiveness (total pitching moment produced in going from zero to maxima elevator 

deflection) shown by the full scale data is oonsiderabiy less than that indicated 

b,y the equations. Some of thas reduction in tot&l elevatox' effectiveness is 

oert'tlnly du« to the rigging of the oontrcl system so that the reaction ccntrcls 

tend to leve- off at a moderate deflection of the elevator. 

Detailed analysis of the data by reooving the reaction control effects indicates 

that the elevator alons is tending to reaoh its aaxianiE effectivenese point at a 

relatively low deflecticn- For angles beyond 35 to 40 degree», the additional 

pitch'/g mooect availabl» with increasing elevator deflection appears to be quite 

small. This effect is hard to explain since otservatione cf tufts on the horizontal 

tall indicated that the cccsplüte taix, including the elevator, was effective at 

largo elevator deflections and large anglco of attack of the aircraft.  In spite 

of this reduced effectiveness, the pitch control ayatem is shown capable of triaming 

the aircraft throughout thvj conrpl«t3 anefle of attack range investijated. This 

included hi^h angles of attack in the so-called deep etall regime. 

In attempting to explain differencas in the pitching siomant data, discussions with 

Ansc» personnel indicated that the aoment reference point used for data reduction 

; was 2.6 inches ahead of the actual location of this point aa tested. The original 

data from th^ test indicated an even higher longitudinal stability 1«T»1 than 
i 
I that shown by the data of this report since thesa data hav« been corrected for the 

i 2.6 inch change ■" i ruferonce point. The effect of changing the data by this aaiount 

■ is the same as shifting the refarenca point 2.6 inches aft without changing th« 

notation for the new location. The pitching moment data and all other moment data 

are still presented about the 10 percent mean aerodynamic ehord point. 

r, .  FOBM «JO» ■ ' 
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r» : •*^ra".-» :i.e  äx;:"ercace ci' <:.^ mohe- consists oi" ehrte »aail charges in the apparsnt 

ai^er.si-r.t. The «ittathcaat Ko-as for the ball *cd socket attAchcents to the 

rji-.n iour.tinfc j/ads suppiied with the Huamingbird were not located at the rv.ints 

&ri6'lna^i/ iritended. r;.e u^e of t;.a 10 de^rae t/edgc between ths socket attach- 

ments auiä  the ^cui.tinc,- pads als- chanäeJ trit. Iccations of the biJls and accketa 

reiativt to t:.e airp^afie. An error of an *dditior.ai one j.tch was found in a 

basic aioenaion used in the data reduction equatione. Lengthy axailnatior. 

reveaied no other aimenaiunai c'tJu^en  of the iocation of the airplane in the 

:uxi scale wind tunnex. however, j.oat motion m the actuation syettci and connec- 

tione of the support system could possicu;' acocunt for eome anai? differences 

in thia area. 

The conventional, flight data, as preeented in this report which includes the 

t.o inch change ir. the looaiion ol the Huicli^ltrd within the tunnel, indicate 

excellent a^raaaent in the ionöitudinf.i stability levels for the tests with power 

on. The only serious discrepancy in the conparison fcr this condition is the 

pitching notaent coefficient for zero lift at zero elevator deflection. Host of 

this difference is explained by tne urag of the 'jnahielded rear strut. Everything 

e^ae on thie rur» tends to verify tne revised location of the r'ference point of 

the airplane within the i'uil scale tunnel. 

liose of the reoote readout panel data have been read for the tail angle of attack 

values indicated by the vane locatod on the boom ahead of the horizontal tail. 

Points fruin s^me of the transition teats were read and supplied by Ames personnel, 

in addition, some of the conventional flight values have been read in an attempt 

Lu explain some of the discrepancies in the pitching noment data. The reading 

accuracy of only i.  1.5 degrees when coupled with the general arratic nature of 

the dowm«a«h values obtained from the tail angle of attack indication makes the 

A f ' HW 4. BH e 
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j data most qusttionable, and none of thee« data ars prsstnted in this report. A 

i 
I randoa single point downwaeh value, no matter how accurate, is not indicative of 

the average effective downwaah field experienced by thn horizontal tail. 

i 
■ 

In Phase I of transition the lateral and directional stability levels were test*d 
i 

only at the lower thrust level corresponding to a P  of 46 Inches of aercury. 

I 5 
No lateral-directional tests were made in the Phase II configuration- The Phase I 

1 
j test results indicate increased stability levels in both the lateral and directional 
i 

< modes as compared to  the levels predicted from the small scale tests. The indi- 

! cated increase in directional stability can be accounted for by drag of the rear 

mounting strut as shown in Section VII. The indicated increase in lateral stability 

or dihedral #ffect is mere difficult to explain. Altnough 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 
! 

ejector exit flow induces angularity to the flow at the rear strut as the airplane 

j ic pitched and yawed. 

f 

In some of the tests, the data indicate that there is a discontinuity in both 

rolling moment and yawing moment through zero sideslip angle. In performing the 

yaw test, the aircraft was generally yawed from »ero in one direction, returned 

to zero and yawed in the opposite direction, and finally returned to the zero yaw 

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 mechanism or the angle of yaw indication mechanism would result in a 

discontinuity of the data through zero, since the Hummingbird actually would be at 

a slightly different angle in the tennel when a zero yawed condition is indicated. 

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

conditions in Phase I of transition except at the extreme speed and thrust condition 

a «. fORM «/""■« 



LOCKHEED ■ GEORGIA COMPANY 

M A R I fc T T A ,  G E C H O ' * 

■ IPOBT »0. FJ-.7^?4 
"OOCL r/-/^ 
nai 25  

'.r ^C :-m,-ts fr an HPR of 1.5°. ?he only literal direction'! control «ffsotirtne«« 

-eats pirfo'-itci Ir. Phnno I' w*»^e a* 100 kur-ta  »r.d at an EPR of l.^0. In general, 

t:.e istera" ^irecti 'ns. "cr.tr^l •Tectlveness dat* obtained in the full ■cal« 

wind t'xnriel torts are in aßTeemant with thoae predicted by tho equation« based on 

th- snuill s^ale wind tunnel tepts. S^rr.e  minor differences do exist in a few 

caries. However, the ^nly si^ilicant difference indicated by the full ecale 

wind tunnel data is the reduction in aileron effectiveness including the reaction 

control with ne^tive defleotior. of the aileron. In most tests, this reduction 

in aileron effoctiveneae for  negative deflections was quite pronounced, and tn 

many cafiet- the effectiveneBs actually went to zero. The only logical explanation 

';: this effect wae that some portion of the roll control syetem must have nal- 

functicned during the test. 

Ihecks of the roll reaction control valves following the test indicated that vhe 

u- ward .:ainted valve? under certain corditlons could 70 into an cvercenter control 

lever position. Under tv.i3 condition, the affected roll control valve would 

regain at essentially a full open condition although the aileron was returned to 

itr neutral position. Deflection of the ailercm to a negative position would 

cause the valve t- njove t-ward itr. closed position. Evidence of such an over- 

center c;nd:.ti,ri was foun! f r the upward pointing valve on the right wing tip. 

This evidence consisted of a bent place in the bullet fairing which houses the 

roll control valves. The size of tr.e dent indicatea that full down travej. of 

the right alleren probably occurred with the roil control valve in the overcanter 

position. 

The magnitude of the dincrepancies obse^ved in soae cases cannot be explained 

entirely by this overcentor condition. Although the right upward pointed reaction 

control valve would be the one involved with a negative deflection of the aileroni, 

otner minor malfunctions in the roll control eystem or In the wind tunnel force 

; . t r «u ■*'p!' fl 
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readout systeus crif.d have benn associate, vi-h thi3 c~r.dit: n a! er. 

Although th« control effectiT«n*sa larel »ppe«r«d good, in SOB« caaea the Imttral 

directional data indicate a constant shift in the side force, rolling mocent, or 

yawing moment levele occurrcjd throughout the completo run. In other words, the 

full scale data show a control level parallel to that predicted from the euiall 

scale data but displaced by a constant increment. When thie occurred in one 

cospoaeat,  one of the ethers usually indicated the aaste trend. The conclusion 

drawn is that one of the wind tunnel force readouts must have malfunctioned or 

shifted slightly durinj each of the.ie tests. Normally, the magnitude of this 

shift is well within a reaacnable change in force level. 

The data of Hun 41 plotted in Figurer 261 through 266 indicate that such a shift 

or displacement occurred throughout the lateral directional control effectiveness 

portion of this run which was made with a const-nt foul indicated on the balance 

syete«. For the aileron effectiveness portion, a shift is observed in all three 

components« side force, yawing moment and rolling moment. Similar shifts occurred 

during the directijnal control effectiveness portion of this run. A coirparison 

of these data indicate that the same shift, magnitude-wise, occurred in both sets 

of data for each coaponent. Tve same thing occurred on a few other runs, but in 

genorn1., onl^ two -ut of the three oonponents would be affected by this constant 

shift. Th- d.it-i 0'-  aff-ot-^ ."til] arpearn tr he valid s^ long as this ehi*"t is 

re;;;,7iizf;d.  In many 'ar.ee, the va'ue cf the shift which occurred is well within 

the acoura-.y expe^ t^d of such a teat. 

I 

With the exceptions noted, the agreement between the full scale wind tunnel test 

data and the dat predicted by the equations oased on the small scale test data are 

good. A slight change in the horizontal tall incidence of the aircraft or a minor 

ohanjt in the downwash field at the horizontal tall, coupled with the pitching 
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DWHION o^   .OTKHEED Amen*    •  CCH^^K AT .ow '57 

»»Gf _    'J.  
M AR    E TT A,   r.EOBO. A 

-...uer.t due  to ti.e araj wi' tr.e ur.8hiv.iJed roar sappon, ace-uuts for the d.iffer«ao«» 

1 
iTiiiw&^eu in  the ^it^r-lr^- EOier.'.ß lor zc-o lift at  ^er^ eisvator defiect-^ii.     The 

l 

cli-n^cL in stalilitj   leval  tMüUc'j.-ut, 'hauet, 1 and II of truaaitiün are m-t too I 

I 
alar=ii.rib

r, nor are t^.e    rde.s of Tiagnituae t^c ^reat.    The rtiduction in tctal ' 
1 

elTeotivenc^s d  the pitcn contrt-l spatem gein^ frei zerc elevatcr deflection to 

full elevator daf.ect-oi* ia cDcpltto^y unexplained, but the level indicated by 

tae fall scale data atill provides adequate control capability for the aircraft. 

In general, nothing vas indicated by the full scale wind tunnel test which would    ! 

have ^ever.frd the aircraft having been flight tested throughout the traneition 

regime, had the data oeen collected preyious to the actual atteapte. Eowever, a    ; 

■ 

more extensive or exhaustive examination of the data wouia certainly have been in 

order, since the differences between tae full scale wind tunnel tests and the data    "> 

derived from the small eca^e equations are partially unexplained in soae area«.       ,| 

The largest discrepancy, of course, is in the net ejector lift value which was 

aetcmuned for the static teat and ueed in the small scale equations d^.ta comparison 

for the otüer tests throughout transition. The shift In the sero lift value of 

pitching moment and the reduction in the overall value of reaction control in pitch 

are disturbing. The fact that the data Indicate that «ucoessful transitions are 

completely feasible was verified by the number of transitions aade la actual 

flight tost. 

L 
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LOCKHEEP    GEORGIA COMPANY 

HEORETICAL AEEODYNAMIC DATA 

• i»»'!«!.     ES-7634 
XV-44 

-   31 . - 

Vinrf 

ArM 

Aspect Ratio 

Span 

Flap Arta 

Alltron Ar«a 

3w«ep at 50^ Chord 

Root Chord 

Root Airfoil 

Root Incidence 

Tip Chord 

Tip Airfoil 

Tip Incidence 

McA.C. Length 

IO4.17 ft. 

6.0 

25.0 ft. 

13.02 sq. ft. 

4.26 sq. ft. 

0 

72.0 in. 

64.01? 
A 

1.5° 

28.0 in. 

64A212 

1.5° 

55.23 in. 

Vertical Tail 

Area 

Aspect Ratio 

Span 

Rudder Area 

Root Chord 

Tip Chord 

Sveep at 25^ Chord 

Airfoil 

K.A.C. Length 

Volume Coefficient 

21.93 »q- ft. 

1.194 

61,414 in. 

4.59 eq. ft. 

66.0 in. 

36.85 in. 

52° 8' 

&4A012 

52.491 in. 

0.1098 

(,, f  OHM 421»  « 
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f »61      5?  

FIGURE I (Continuad) 

lorletmtal Tail 

Area 

Aspect Ratio 

Span 

Sierator Area 

Root Chord 

Tip Chord 

Incidence 

Airfoil 

M.A.C. Length 

Volume Coefficient 

26.44 aq. ft. 

.1.305 

128.0 in. 

?.29 eq.  ft. 

42.3 in. 

17-0 in. 

0 

0010-2.00 - 40/1.575 

31.571 

0.895 

. ,   fOMilte 
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M»P:CT * A. GECKO'« 

il»0»T HO. 

HOOCL XY-4A 

^4  

TABLE OP STXB0L3 

thaoretjoal wlngipan (2^.0 ft.) 

siaan »erodyniuiic chord (4.45 ft.) 

dimg coefficient (c/qS) 

lift coefficisnt (L/qE; 

rolling Boaent coefficient l/q3b) 

pitching aotnent coefficient (.M/q --) 

yawing moaent coefficient (N/qSb) 

■ide force coefficient (Y/qS) 

drag (lb, «ft potitive) 

lift (lb, up positive/ 

roiling Boment (ft-ib, right wing down positive) 

pitching aoment (ft-lb, nose up positive) 

yawing moment (ft-lb, nose right positive) 

side force (lb, rJght positive) 

en^'if-e cressure i"atio (?, /? ) 

a.-i--ient prödmire (in. Hg) 

engine tailpipe prssnure (in. Hg) 

2   < 2 
dynamic prejsure (1/2 P V , lb/It ) 

win^ planfonB area (104.17 ft } 

airspeed 

angle of atta.;.< (de^, nose up positive) 

angle of sideslip (deg, noso left positive) 

aileron deflection angls (deg, trailing edge down positive, 
total aileron is öqwial t, right alleren deflection sinus 
left aileron deflection) 

1 O^" *?BH ' " 
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PAtfC   

t 

tVyihä  5 (Continued) 

el«v»tor deflection »ngle (deg, trailing ed^p» down poeitire) 

rudder deflection an^le (deg. trÄÜing edge left poeitiT«) 

atsoepherlc dentlty (lb eec /ft ) 

•ngle of yaw (deg, nose right poeltive) 

- RU 4.6'-*-- 1 
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XV-4A 
36 

fisims 6 

RUN SCfSDULE SUMMAHY 

Run P     (in. %) V (knots) Ph*se 

V»ria<i 

Varied 

Varied 

46 

4 46 

5 4t 

b 46 

46 

4c 

46 

12 46 

13 46 

! .' /f: 

»arioa 

Varied 

0 

50 

50 

40 

o7 

&j 

IX 

30 j Poi»r 

•SO I El9"W& 

A i Eleva 

40 T Po lax- 

50 II Polar 

20 I Polar 

20 I Polar 

Type of Hun 

Ejector Kxit .-take Purvey 

Ejactor Sxit Hake Survey 

Ejector Exit K»k« Survey 

Ejtctor Zbtit Hake  Survey 

Static rtun        o< - 11' 

Polar 

Eiaratcr Effectiveness   ex - 0 

Polar 

Po^ar 

Polar 

ileTator Lffectivenoee   'X - 0 

Polar 

Elevator Effsctivenees   <X« ~6 

Polar 

Elevator Effectiveneas   oc « 0 

Polar 

Elevator Effectiveness   a " -10 

Elevator Effectiveness   ex - 0 

1A. FO»«W «28B  , 
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MXt . XV-4A 
•  «vl 57 

glSUgl 6 ;Continued) 

Run 

15 

17 

19 

^u 

22 

23 

24 

25 

Ft (in. %) 

5 

46 

46 

46 

46 

60 

46 

46 

46 

60 

46 

46 

60 

60 

v (Knots) 

50 

iTJta« 

50 

20 

40 

50 I 

40 I 

50 I 

50 T 
X 

50 

20 

50 

P m    0 

OC- 0 

}*'- 0 4 8 

^- 0 & S 

V^» 0 

K'- 0 

Type of Run 

Fol»r 

Elector EffeotiT«n««e   a - 20 

T»w Ran 

Aileron Efftctivaness 

Elavfttor Eff«ctiv«i«as 

■*»« Rua 

Aileron Eff«ctlT»n««g 

Ruddtr Effocti?»n*8« 

Aileron Effectiveness 

Rudder Effectiveness 

Tew Run 

Pol&r 

Polar 

Aileron Effectiveness 

Rudder Effectiveness 

Aileron Effectiveness 

Ri'ddar Effsctiveneas 

Aileron Effectiveness 

Rudder Effectivsn«e»s 

Ynv Run 

PoiAr 

Elevator Efr'ectiven«B3 

Aileron Effn:ct,'-*j:n«as 

huddarr iffactiiene-^i 

^ - 0 

'fm   0 

V" - 0 4 10 

^« 0 4 10 

^ - 0 & 10 

i - 0 & 10 

a- 0 4 20 

^ - 0 

'f ' 0 

,4    FORM *2«B- * 
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38 

FIGUES 6 iContinued) 

Run P. (in. Hg) V (icnot«)     Phase Typ« of Run 

26 60 70           I Po]ar 

Elevator r.ffectiveneBS 'X- o 

27 60 30          I Polar 

Elevator Effectiveness a- o 

28 30 80      Convtntional Polar 

Elevator Effectivenew 

Aileron Effectiveness 

Rudder Effectiveness 

a - 0 

fm   0 

j"- 0 

29 30 40      Conventional Polar 

30 

! 

30 60      Conrwitional Yaw Run 

Aileron Effectiveness 

Rudder Effectiveness 

^ - OiB 

^- 8 

! 3i 

; 
50 90      Conventional Polar 

Yaw Run 

Elevator Effectiveneas 

Aileron Effectiveness 

Rudder Effectiveness 

X • 0 

'f'  8 

^- 8 

32 Varied ü       Conventional Power Effects   OC - 0 

35 Varied 90      Conventional Power Effects   i< « 0 

46 d0      Conventional Polar 

Elevator Effectiveness o< - 0 

54 Varied 40      Conventional Power Effects   oc = 0 

35 30 80         III Polar 

Yaw Pun   (X » 0 & 8 

FOR« 4»»B - • 
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33 

Run    P  (in. H«) 

5 

37 

36 

40 

41 

60 

VftrUd 

46 

59     Vaxied 

50 

60 

46 

60 

PIGUhE 6 (Continuad) 

V (knots)    Ph««« 

100 

0 

30 

0 

0 

50 

?o 

100 

II 

I 

I 

Varied 0 I 

46 40 I 

46 40 I 

I 

I 

II 

Typ« of Run 

Polar 

Pow»r Eff«cU   0C- -12 

Polar 

ElavatOi- EffectiTftESs«   oc= 0 

Power Effacte   « • 0 

Polar 

Elevator Effectivenees   ex - 0 

Aileron Effectiveness   C - 0 

Rudder Effectiveness   ^- 0 

Power Effects   a - 12 

Elevator hJfectivenees   (X- 12 

Aileron Effectiveness   f - 0 

Rudder Effectiveness   ^ - 0 

Polar 

Elevator Effectiveness   o< - 0 

Polar 

Elevator Effectiveness   ex. - 0 

Elevator Effectiveness   oc- 0 & 8 

Aileron Effectiveness   J" = 0 

Rudder Effectiveness   ^-0 

■ A PO«M 42WB - 6 
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Hur. .No. 

tjejtcr Doors 

Hap D«n«ction ( g ) 

Engines 

^quiva^ent Airspeed 

q 

a 

s 

Ja 

cL ( a . o) 

'lix 

dC 
./dCL 

Cv  (C, 

H   S. 

o) 

3«g. 

1/Deg. 

D«g. 

l/DeÄ. 

STiSiLITT AW) COSTR.OL C^gARIgQ^Lcog, 

FULL SCALE DATA  AWES 40» X 80' 

28 2? 30 31 33    34 

Cloaed  Cio..d  Cloaed  Clo.^  cio.,d  Cl. 

4°     40     40     o 40 

Wind. Vind- Wind-   Wicd-   VAT- 
-mm« nuni^  ndiiing  ^n^  ^ 

Knots 80 40 80 80 80 40 
Lb/?t2 21.70 5.43 21.70 21.70 21.70 5.4 
Deg. Var. Var. 0 Var. Var. 0 
Deg. 0 0 Var. Var. 0 0 
Dag. Var. 0 -18 v Var. Var. 0 
Deg. Var. 0 Var. Var. 0 0 
D«g. Var. 0 Var. '»'ar. 0 0 
1/Deg. .090 •0^3 - .088 .108 

.0044 

-6.4 

•58 •34 

1.42 1.35 

-.112 0 

-.205 -•30 

-.018 

)48 .0070 

•b.4 

.05 .76 

1.10 1.77 

.i39 -.O45 

160 -.33 

018 -.025 

>\ 



mLSCALKUATA      AMES 40' X BO' 

J'P.^Sjti WZ'ri: HUN NO. 

Cloacd 

40 

50 

ClOMd 

40 

31 

ClüMd 

0 

33 

Cloc«d 

40 

34 

Clostd 

40 

55 

0p«& 

40 

28 A JO 

Cloaad 

40 

51 

-loaad 

r 

- * * ••   »^/i 

-I'JBtd 

31^ 

-pen 

VlAd. 
■lllln^ 

Wind- 
milling 

Wind- 
■lllin« 

V«.r. 
EPR 

Var. Wind- 
■illia« 

Off Off 

4J 40 

Off 
40 80 80 80 40 80 

1.53 

5-43 21.70 21.70 21.70 5.43 21.70 

» 8C ~ 

?Ar. 0 Ur. Var. 0 Var. 

21."0 - 

0 7ar. Ur. 0 0 7ar. 
— 

0 -18 V»r. Var. 0 0 
- 

0 VAT. ?*r. 0 0 0 
* - 

0 Var. V'*r. 0 0 0 
• 

.093 - .066 .108 mn 
- 

070 .089 

^048 .0070 

^-.05 

1.10 

-.139 

-.160 

-.018 

-0.4 

•76 

1.77 

-.045 

-•33 

-.025 

.0665        .107 .0' 

•00715      ^.00715    ^.00715    ..00725 

-9.6 -6.6 + .245 -6.4 .8.35 

.67 .60 -.021 .685 .585 

1.52 1.82 1.20 1.75 1.62 

-.432 -.078 -.147 -.0416 -.345 

-.055 -.065 +.061S .0005 » -1. /> 

•0252        -.0252      -.0252      -.0252 

V 



STABILITY AK!)  rOgTRX-  :0>TARI3CN IS COlfT 

FULL SCALE DATA    AMES 4O1  X 60' 

Run No. 

-Y ' 
Sft. Sr-/?-o) 

l/3 

28 29 30 51 

-.008 - -.018 -.008 

l/Deg. - - -.020 -.020 

l/Dcg. 0 - C j 

53 34 

YS 
1/Deg. 

( So = g^./J-o) 

n^ 
l/Deg. 

(Sa- Sr-/3-o) 

■,i? 

'S. 

l/Deg. 

1/D«g. 

1/Deg. 

-.0055 

-.0020 

1/De£ 

l/Deg. -.00015 

.0035 

+..027 

■.0011 

+.0008 

*.0053 -.0035 

-.OO3C -.0020 

--.004:3 ^-.0045 

-.0001} -.00-;15 

-.0055 -.00-3 

+.01o +.014 

-.0018 -.0018 

-.0011 -.0011 

+.0006 4.0008 

dC^/dEPR 

dCy'dEPR 

+.270        +.2] 

4.035        -.1 

^ 



STABILITY AND COWTROI  :0>!PAPI3CN IN CO.fTIKTIOKAL FLIGHT 

FULL SCALE DATA    AMES 40'  X 60« 

29 )0 51 35 34 30 51 

-.016 -.008 

-.020 -.020 

0 0 

--ST.   Fh;:'    -i.:.. .y:/.,t. _.., 

55 

-.010 

2ä L  10 '" 

0 0 

-.019 (or- 0) 
..0:6;?- e) ••0156     -•o;^   --0^' 

5'> 

^.0055 -,0033 

-.0030 -.0020 

+ .OC43 ■►•.0045 

-.00013 -.00,.13 

-.0033 -.0035 

+.016 +.014 

-.0018 ..0018 

-.0011 -.0011 

+.0008 +.0008 

-.0040 ^.0040 +.0040 

+ .0-010          0 0 0 

.0014 (« - 0)        ^_ 

.0011 id- 3)    ■;--0050 +'003C -003.' 

Heg. ]iQt;. ;;eg. 

-.00212 -.00212 -.0.-212 

+.005 0 

.0026 (a. a) 
•oooe (a- a;   "* 

0 

0026        -.0026    -.0026 

-.00062        -.00062 -.00082 

+.00076        +.0O076 +.00C76 

+.270        ^.250 

+.035        -.i?0 

9 
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