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.; 
: 

., 
,’ 

'A.prelimWary analysis of 't&.-flying -qualitieG of the Consolidated 
:Vultee MX-813 delta-wing aii+lane configurationhas been'made-based on.' 

., 
..; the results obtained.from the first two &-scale models flown'at'the 8- 

NACA Pilotless Aircraft Research Station; Wallops Island, Va. The Mach 
er range covered in the tests was from 0.9 to 1.2. >' 

The analysis i.n$ic~t+'ad.&uate elevator con&o1 for trim in'ievel 
,': f&&-t over the speed range investigated. Through the transonic range 
', there is a mild trim-change with a slight tucking-under tendency. The 

,I,, .,',, ,', elevator.controi effectiveness in the- supersonic'range is reduced to " 
( 'about one-half the's'ub,sonLc value althoi;lgh sufficient control for mqeu- 

,vering ts,available as indicatedby the fact that loo elevator'defiecticn 

&,! ; 
produced 5g acceleration at a'Mach number of 1.2 at %O,OCO feet. ?i!he 
&&evtit?r control forces are high and indic&te the power required'of the 

_.' b;~ost~systeti. The demping of the short-period oscIJJ.ation is adeqtite 
at sealev~el but is reduced at 40,WO feet. The diPection$L stability ,', '_ 2 .', :appears adequate for the speed range'and angles of atlx&k.cove~ed; . 

,.,, * ., .-. _ ,_ , ,.,. o . . .__ .I . . 
INTRODUCTION-~ " ', ; ,' : 

At the request of the Air Materiel Comnuznd, U. s‘. Air Force, flight. 
tests of 

: ., 
i-scale rocket-pokered models of the Consolidated Vultee MX-813 

a&being made"to evaluate'the drag and iongit&nal stab&& and 

- 
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control chezacteristics at transonic and low supersonic speeds at the 
NACA Pilotless Aircraft Research Station, Wallops'Isl&d, Va. A total 
of six models, f&r of which,have,been flown, were supplied for the 
investigation. The first model was lost due to a structural failure. 
Three models which'were instrumented for a study df longitudinal 
stabiiity ,and control.have been flown successfully., The present paper 
is,preli$n+y in that it.is based on only the first two',of the three. 
successful models-flcwn snd does not represent a complete analysis. 
These 'two models ,$re referred to .herein as model,1 andmodei 2. 

'_," The m-813:,'taill.ess airplane has a wing of triangular plan form 
with 60° sweepback of'.the leading edge and<en aspect ratio of 2.31; : 
the 'profile atall spanwise stationsis an'NACA 65(06)-006.5 section. 
~Zorigitudinsl. end lateral control are'pravided by. a ,sin&e: set 0.f 
den&ant-chord t*ailing-edge control surfaceson~the wing called : 
elivona l Deflecting the'elevons together provides longitudinal control 
,arid deflecting them differentially gives lateral'control..,. The vertical 

j 

tail is of tri,an&lar plan form with a leading-&e sweepback of 60°. .,. : /' ., '., .:. 
'A flying mo&up"of the k-813, 'designated as,the'Consolidat,ed 

Vultee 7b02, was'desi&d by the:contractor,, end 'flight 'tests of the' 
'1 7OO2.configuration at transonic speeds are conttiflated, The fuselage : 
i of,this configuration is acmewhat smaller and of :a differe,ntshape'~ ,. .,, 

thsn'that of the ~~-813;. The~~f@elage.nose sections on the L-scale 
'. ', /' ,,,' ,8 

'models, which otherwise~repi‘esented'the ~~-813 configuration, were 
,, : 

:\.modified to apprtiimate the existing nose on the 7002 configuration 
:with the exception of the air intake on the airplene which was faired.' 'dI 

"to, a. cone on the'model,. 
"ana 'khe 1 

A comperi,son of the full-scale'7002 airplane 
g-scale &:813.,&del'is, presented in.fi$re 1.' 1':. 

,'_ ., ,; : ., ..,' 'I ,' :,I': '. , '. 
'The tio~el,s'~were ~fl&nwith a‘prograit&d-type control which called. :' 

.for abrupt pull-ups e&push-do&s with'the.'elevons operated'as elevators. 
The flight test for &5del,'& I&S, conduct,ed'on Sepbxn?.$.k~~l3~~1~48 and for 

-model 2 on Octcber 15; 1948. !:, 
., ,, .,- /'. 

This &&&-&ains the"important sections of the flight time 
'histories ,and thewesults 6f an an&ysis of the high-sped flying [ 
qualities,.to be. expected',from the m-813 in the Mach number range 
frcan.O.9 to.,1.,2 based on the results obtained from the flight tests.. 

'The analysis is presented for the full-scale configuration with a wing 
loading ,df 27.3 pounds -per square foot at sea level and at'an altitude, 
oe 40,000 feet. The computations are based on two center-of-gravity 
positions.20 percent and 25 percent of the mean aerodynamic chord.. 
An analysis of the data in terms of aerodynamic coefficients qnd.\ 
atability derivatives is in progress for all three stability models 

'flown. 

., 

,. 

- 
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.’ 

time framlaux@ing, seconds 

Machnumber ,., 

velocity of sound, feet per second 

-free-stream static pressure, pounds per square foot 
_,' " ., 

specific heat'ratio,;"value taken, 1.40 ". :m ." 

hinge moment, inch-pounds; total-head pressure. ; 
(equations (1) and.(2)), pounds'per'square foot 

mean aerodynamic chord, feet 

longitudinal acce&eration,. feet per second'per'second 
. ..I. ., " .r: 

normal acceleration,$et per' second per second . . ,: :.,__; : ,. 
transverse.acceieration, ,feet per second per second' 

.acceleration,due to gravity, 32.2 feet per second 
per second ,' 

control deflection measured on chord‘line parallel 
to the plane of syimnetry, deqees 

.-angle of attack~measured, Frq'fus.e@xge. center ,line,, 
degre.es, ,.-_, ,' .- 

Reynolds number' 

/ 

weight, pou.+,, 

wing area, 'square feet 

free-streem2dynamic pressure, pounds per square 

; ( 1 
-I?+ ,- 

,, 
.' foot' 

mass density of air;~sl,ugs per cubic foot 

chord-force coefficient 
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,~normal-force coefficient 

CLixim-. 

q& y 
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CLBtrim 

6 etrti ., 
x 

F 

P ;- 

R/2 

m 

Subscri'+: 

a 

m .,' 

,lift ,coefficient (CN co8 a + Cc sin a) 

trim.lift coefficient 

rate of chqe of Hft codficient with angle of 
attack, per deqee 

7.. 
rate of“change. of +r+n,lift coefficierit with elevator 

defl&ti6i$ per aegree ,. 8, 
trim control: &flectG&degrees 

,' 
stick movemknt,. inches 

'.. 
stick force, pounds .I . ', 

',per.iod,oq ti 'bsdillatititi,.seconds ', 
mcment of,in@rtia bout.pitch axis,..,slug-feet2 _ 

total d-ping factor 

time to ddmp to l/2 ampli'tude, seconds 

,ma88, slugs (... : 
,...- ,' . 

‘/ ,, 
., :’ 

.‘I “/’ -,., 

full&xl? airplane ; 

model.' 

yolms AND 4sppIRATus 

' Model&' :-. 

A three-view drawing of .$he 8' A-hale model used in tihe present 

investigation is given in fi&re 1. The physical characteristics of 

the full-scale Consolidated Vultee 7OO2‘airplane'and of the8 L-scale~ 

models of the m-813 are presented in table -1: Since the 8 L-scale 

F. 

m ; :, - -. 
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models were' designed,.with modifications of fuselage nose sections,. from  
the original e-813 configuration, the values sre not exactly one-eighth 
of the'v&Lues,&the full~scale 7002 configuration. 'Photographs, of one : 
of the .MX-813,models are ,shown as figties 2 and 3:' The ~model‘:fuselage 
end components were constructed of duralum in,,magnesium castings;and' 
magnesium skin. The,,fuselage construction was of the.monocoiue type and 
was hivided into three sections. .The three sectionswere.the, nose, 
se&i&, which-held'the telemeter; the center section whic,h;held the 
wings~ tail,' campressed-air supply,'and control-actuating system; -and' 
the tall' section which contained the~,rocket sustainer motor a&booster 
attachment;" .,' ,, ,. ,' ,, . . : ;, "I, ,'.;, ,- " .' . ': ..' ,. 

The progr&uned movement of the elevbns,@s acccrmplished,by a-- 
compressed:air~:syst& whi,ch called for abrupt p@l.l-ups end,.push-downs 

!, ,. 

at a 'frequency of about' one .cycle per 1.2 seconds. 'The control,surfaces, 
which were unsealed, moved'together between stops in a sguere-wave motion. 
On modei'l the .surfaces were deflected doTjn.5.3" and up 5.3O; on model,:,2, 
the deflection was down 4.7O ;and up 4.7 O. : .This controUmotion was in :. 
operati,on,during the entire flight. P rior to each flight, the :control' 
system was subjected to a static load test at two locatio1$3':along~the 
span of the elevon to determ ine the-twist that would be 'encountered ., :. :. 
along the span and in,the control-linkage systsm &@er,,,high,aerodynsm ic t 
loads. The elevator'deflection data presented in,,this,: paper .$ere ..,::..., _'I 
corrected'on the basis of these tests. 

,, ," .,, ;' ';. ,.- ,. . ,':'r, ,- ,, ,; : -, : 
The models were bdosted'to supersonic speeds by.a dry-fuel, $-in& ', 

diameter Deacon rocket motor, which is capable of producing an average 1, 
thrust of 6500 pounds for. approximately 3:l seconds= ..., _: ., ; .:, 

The rocket sustainer motor for the model was a j-inch HVAR dry-fuel' "' 
rocket.shortened'to.'17~inches snd.modified to give an average thrust of 
900 pounds for 1.4"sedonds. The, small sustainer motor served a two-fold 
purpose:,. during the 'power-on portion of the flight, theVmotorallowed 
the controls'to operate one ,complete cycle ,at approximately'a',constexit"' 
Mach'number and assured.a'.positive separation between model and booster 
at booster burnout,. 

The sustainer-motor nozzle served as the point of attachment of the 
booster to the model. This type of attachment allowed a drag separation 
of the booster frcm the model at cessation of booster thrust .inasmuch as 
the drag-weight ratio of the model was less than the drag-weightratio 
of the bqoster. .'/ : 

The booster-model combinations were ground-launched &om.a crutch- 
typelauncher.. (See fig. 4.) The launching angle for model 1 
ias 43O 40' from  the horiz,ontal and for model 2 was 44O 40'. Table II 
presents the weight and balance data for the models and for the full-scale 
airplane. Figure 5 shows a sequence of photographs of the booster-model 
combination at-take-off. 

;- :,, .L,i. I. _, ,,_L, I, ‘. -,, ._.., 
-.,:. .~ ~- 
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,5- Apparatus 
-_ ~.,S~... . . PV ,-scz-ac. ,- _., .._ ,j /. -_a .'. - ., -. ._ ., ..~,~ 

-The.data,frm the flights were obtained by the use of telemeters, 
f Doppler velocimeter radar unit, photography, end radiosonde. The time 
;' histories of, the data ti the.models traversed the Mach number renge 

\: 
were..trsnsmitted andrecorded by a telemeter system which gave eight 
channels of information: four channels,of ccntinuous signal and four 
chennels of intermittent signal. 

I transverse, 
The data recorded were longitudinal, 

&d normal acceleration; hinge mamsnt; control position; 
angle of attack; total head; end a.calibrated static ,pressure used to 
determine free-stream static pressure. Angles. of attack,were obtained '... 
by a'vane-type angle-of~attack indicator located on a sting ahe,ad of 
the nose of the model. ~epeyn-es obtained framthe te&&ter 
records were reduc,ed.to.Mach number by the following equations: 

.,.,. '-: .'. 
,I* 'ii ', 

:i,; c : (2) ,' 
4' : ,P" I'. 1 ",. . : '. 

where p 'Rae obtained from the calibrated static-pressure data. The 
~imum.al~i~.~de'itttained, on model 1 was.appoxi&tely 4000 feet, while 

9' 
on,mGl$ 2. the ~umeltitudereached was 4700 feet. ,T,he Doppler 

.'. '.veloc+eter raderunit served as an independentcheck of the Mach 
nimiber obtairied'by~use of the total end static -pressures. 

' ,.. ,.. 
.;' F&d wide-angle cameras.and 16-millimeter motion;picture cameras 

recorded the launchings, :a$ the flights were track&.by 16-millimeter 
color motion-picture cemeras.. .” ‘._ 

.' 
., , ., I " .' ..~ -. 

The model'was disturbed in pitch by abrupt movament of elevons 
operated as elevators at preset'time intervals which gave a square- 

:;:r, 
b 

wave-type elevator motion. The flying qualities of the full-scale- 
i', - airplane were calculated f&m an analysis of the forces end motions 

- resulting from-these cyclic disturbances. 

d-m- ~__ _ ._ ~- _ ..- 
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BASIS OF ANALYSIS 

The most recent specifications 'for satisfactory flying qualities 
(references 1 end 2) have been used as a g&de:in the p&sent analysis. 
However, inasmuch as the analysis is restricted to the behavior of the 
model at transonic speeds, no detailed step-by-step'camparison with 
these specifications has been a,ttempted. : ,. " 

/ .. 
The Reynolds number and Mach number ranges for the full-scale 

1 m-813. air$lane'and the B-scale models sre~-presented,in figure 6. 
; 

An evaluation of the effect of damping in pitch on the' control 
position required for trim indicated the effect to be of smell magni-, 
tude with the maximum effect being 1.5 percent at sea level and 3. per- ,'.. 
cent at 40,000 feet for a Mach number of 0.91. This error decreased '. 
with increasing Mach number because 'of a decrease in elevator effec- 
tiveness at trgnmnic and low supersonic speeds. The data presented 
ere not corrected:for this effect.' < 

The flying &alities were estimated framthe actual time histories- ; '. 
of flight models.1 and.2.. The.&thod"and steps necessary to reduce the 
flight records to flying qualities.are des'cribed in detail. 

,. 

Variation with Mach Number of the Control:Position 

-Required for Trim in Level Flight, 

The trim lift coefficient C+',.,,.for Oo elevator deflection was 
obtained by ,$lotting values of CL corresponding -to constant positive 
and negativeelevator deflections against'kach number. These,values, .' 
were taken fram the trim values.of CL and‘ ee obtained fram the : 8.' 
time-history 'data of the 'flight test of thetwo'&cele models. 
Figure T'presents a typical section of a time history and the method 
of determining trim values from the oscillations. 
for 6, = do 

The value of CLtrim 
was obtained by interpolation. ~Values of CL for level 

flight for the. full-scale airplane were obtained fkam the relation 
..,. . .w/s  .  .“’ . . ,  

CL{1 g> = Q l 
The difference between CL(l g) for straight and level 

./ 
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/ 
: 

ghtand'c " %im 
for 6, = 09 was divided by CL -. %rim 

to give Ee 

for straight end level flight for variousMach numbers: ,: 

,' 
:.-., 

.' 
I 

3, = 
'L(1 g) - CL&-(&&~ ,' 

,.I .CLst,& ." '. : : ,. ;,, : '1' '., 
,.'. ., ", 
“ : -, i ,.I, . .' ,.' ~ , ,,.' '; i .' :,' Elevator Control For&for Trim&&& .Mach 'Number 1" .,, ..,, ,. ,,', ', " Y, 
A value of 'deflection of elevator per. inch of stick.movement for' .:' ,, 

a,high-speed fighter-type airplane was assumed to:,.be : "<*, : : 
,. ., 1.. " c se '., : '. 

. . . . . ': . . .,- = 
.' 1.x 2 'degrees 'per inch' :' _, j: '. ,,j ,, ~,::,,';:~:,; : /. 

k ,. -. ', 
..,. : ,,, : ,, _, ,.. _ ., :d. , ', ^' . _.... '.,,. ':. ':y ',-,' : '. V&Lues'of.:hinge mc&uent ‘were'obtained flr~~,th~~~ime-histc~.~~tS~~~f 11,~ ', 

', .‘., .r ,.:. .;' " I. ,'. .,. 
-. .; _ 'models'forcorresponding ‘setrim 'Values '.. .- ,. , ,: ':The'$&hod fbr '&em&,&g trim lines was‘the '. 
.: '.,' : 

,agai$'Mach number. : .' :. '. 
>;:.,, : seme~as~~~infigure 7? wasobtained from 

.: < 
,' 

, .,, 
.'., ; : I. ,:; 8. 
,; : .,' .: ..', ,. -. ,' : I ,; ,&: ., y(, '. ,', ,. ,..:. ' ,,' ;,' . . . i, .: _i. ". , ." ._ ,,' ., .I :... ..,. 

At a given Mach'number a value,of hinge mc&ent'~as r&at a given 
;. "-: : .,' 'elevator deflection and corrected,to.the~,,Getrim for ~straight and : 

1 fiight sea-level conditionsby.' I.' 

If-the.hin&mament for 
sea-level conditions is 

Getr& for straight end level flight at 
known, the elevator-control force is obtained 

” ++,’ J t ., 4%. ‘. ‘r J # .‘, I i ,. 
s 1: ’ .’ a* If- 
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.‘.%.< :, L.-i_ : -.i. 7. >_x~.-. ..-r :_ j _. . . . I.. -  

, 

’ F=.- 
6e 

57-3 x 
: 

where .H has been corrected to full scale. 
: .;. G I,., ., 

. . :, : 
Change in Nor&l Accelera&n'foY~:a Corresponding Change 

L 
,I) ~n:Hlevator, DeflectloG 3. against, Mach Number' 

- . 
The'vaiues of s for level flight for~vsrio~ Mach numbers were 

'divided by (&,rim so,that ,, ,, ., " 

A6e =' %(i g) ,,. ., 
,, c&&h 1 : 

.‘, 

of thisqutitity is the r'&uiPed qmutity . 

.I’ 

/, :, 1 
.:.A i: : 
<$'l 

A& .','i '.:, =-. :. ..'> .. 

'7 
', 

: .," .,I :._ ‘_ .' 

,’ 

Chaige,in Trim, '.. >.’ ’ .:-Change in TriqA+gle,,of Attack for a Corresponding i y ; p i ,,; ': 8: /. ,, 2,. .:., ,' ., . ., .." : 1 
,. ,. Elevator Deflection. as. a Function of 

', (' 

‘_ 

Mach Number 

trim angle of attack Was divided by the corre- 
'trim elevator deflection at constant Mach numbers: 

-rncv. A& I :a1 

-~~--;-- y, ( ie2 ;--,-, ,,:, .: . .-.y.. 

. ,, -., ‘... . .,,.. ._ 

-- < 
.5 

.e 



A. 5 i:) . . a. 
*.* -,: 

!I! 

. . :... 
:‘:” l 

. 

I “.f . 00 
l * . : c l . . 

r 
7,‘. . 00 

. . . 0 

: ‘.X 
. . 

. 

‘. 
.’ 

10 - 11 NACA w No. SL9E13 

. . -_ . ..,~ .~ _. i . . 

The change 

..Stick Force per'g against Ma&Number 

in elevator deflection required for a change in normal 

-acceleration of 1 g, reciprocal of GEL were multiplied by' AH 
AEe' A'etrim 

to obtain the'chenge in hinge moment required for a change in normal 

acceleration of 1 g. Then for y. in pounds per g: 

, . . .LLF A& AH 6, 1 '. -- 
z=BACetr& x 57.3. ~ 

. I  

.d. ,  ,$9nem+.Stab~~ity '. 
,; :. 

The dynamic stability of'the'airplane in terms of period and 
damping of the shortqeriodlongitudin~. oscillation were determined 
from the ,osciUations of .the mode~:.corr,ected.to:full-scale conditions. 
The correction factors-were.determined-f&n a two-degree-of-freeda 
method 'of-'analysis of the motion which assumes no changes,in forward 
speed,dtiing the oscillation. The period'of the 
airplane in terms of period for the model is 

oscillation for the !$.9 pt; ,’ i”,‘. ‘, 
ia 8, I) .’ ,, 
$$ :;,..r,- .] ‘. u _L’, ., ” _‘. ,' ,?a'= ;rn?/w:. 

: ,.I .,. : 
..’ 

1,:. 
._’ 

$g 
/.*. 

& 

a 
;P ..k 
p-y--. “’ 

: . 
The rate of ch&ge-df the pitchingPl+ent~coefficient with angle of 

,attack is omitted from this equation since the center of gravity for 
the model and that for the airplane is the same. The time to dsmp to 
one-half amplitude for the airplane was determined by the following .' 
re+ationship:,, 

. 
c"k 

-81~ 
E + %f2j = pv ~~52 .,,. .~~ -.-..... .; . - . 2v gy . ..c 

@ 
p- 

-_ 
c . . 

‘, 
%.-’ 

C- c’ . 

2;. .__ 
~~ I-I- 
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and equated for model,,and airplane as follo$a: ." ',. 

0 00, 
00 . 

: l .:. . l ,I 
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Timehistories ,I ; :.: . " 

# : ‘, ;‘, ., ..i Timehistories of the imDorterit$rts of fli&tfnr models 1 snd 2 
,' ,j& 
: .j 0 

,. are given in figures 8 and.9 -qnd ai,pG$$of, ,,ii, ,is,given in figure.10. 

ii :,! ', On model l,, longitudinal acceleration &as a's$itched chsnriel 'as shown 
.& ! 'in figure 8. The chanql-markers'indic;ated inthe an&e-cf-attacki 
I', :' ') T",' control position, hingemoment, ,and nor&$L%zceleration channels on 

.,: Ifigure 8 serve to'identify the.channels and &irin& this time interval -, 
no values are recorded; the dashed lines are estimated frcpn the shape .:'P . 
of simil,ar oscillations.- The hinge-mcment end transverse-acceleration 

:,. channels were switched to give intermittent signals on nckhl 2 as shown 
,j.- " in figure 9. The short dashed lines.were estimated from the results 

obtained on model 1.: The solid portions of the curves are the actual 
data obtained framthe flight. .The elevator deflections as presented. 

.' in figures 8 and g-have been corrected for, the twist in the system 
caused,bi the hinge,mcment; the angles of attack have been, corrected ., 
for the;differ~~cd.'i,~.angle between the angle-of-attack vane,and the. ,' '.center of gravitJi. j ,::',. :;. ', 

1: .‘ f. ,/ ': ) ; ,', '!.:^, " ("1 ;_ ; '; .' I ', ,' :',.. ., ,: ',. ,' 
': ,, 'I), 

Longitudinal Trim Characteristics " ~ . 
t;:. $ .; ' I?.. ,' 1 .; ,. The'characteristics: of'the elevator control in level flight: of the 

~~-813. confi&iration~'are presented in figure 11 in,the .fq of the'. : 
.: :: variation of the elevator position required for trim with &ach number. 
;,' Af , Control-position trim change is manifestedbetween a'Mach'nu@er.. 
,, -2 D,. s of' 0.90 and 0.96 at sea level'and at 40,090 :fee$. The control-position 
'i<:, .' ,_ ) .;x .trim,change is a function of variation of out-of-trim pitching mQment 

., with Mach number, chan& in control effectiveness,‘&Wthe'movement of f$ ;’ :,t, : the: neutral point'. 
&' ,enc*; appear to -be .,.. : -.',P - example, at 40,000 
$1' " ,I required at a Mach 

:, 
.', c * '\ ,, 

The resultant changes in-trim; tuckin&under tend- 
relatively gradusland of moderate magnitude. For 
feet, a maximal up elevator angle of .about P" is 
number of ,0=96. '_ 

,e,., ,,, 
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. . ._, 1.,-,. 
An evaluation of the stick-fixed maneuver point in the Mach number 

range between 0.90 end 1.2 indicated that the point is well behknd the 
most rearward center-of-gravity position and the requirements are met 
for maneuvering stability in reference 1. : 

Longitudinal control forces.: The elevator-control force required 
for trti in straight and level-flight at various Mach numbers is pre- 
sented in figure 12 and the stick force per g is presented in 
figure 13. These stick forces are based on a conventional airplane 
ConfdguratPon with 2O of elevator deflection to 1 inch of stick move- 

$ent. This assumption.was 'necessary s.ince the full-sc,ale m-813 is 
provided tiith.@n irreversible lob-percent hydraulic .boost. control 
system; 'therefore, no relation.exists~between hinge .mcmentsand stick 
forces. The. data do indicate, however,,,the paier required of'the ' 
control boost system with no balancing.andtrimming devices. For .'. 
example, at a Mach numlqer of 1.2 at 40,000 feet, the stick force .,' ,. 
per g based ,on measured hinge moments is'about 1600 per go 

_.: ', .' i : 
The variation of elevator-control force for trim with Mach number 

(.fig. 12) indicated that pull forces werereQuired at all s$eeds belo%' 
the trim speed and,push forces required~at sJ.l speeds 'above the trim 
speed wi:thinthe range of :Mach numbers from O;g6.t61,2'; The opposite 
is true frti Mach numbers of O.g't,o '0.96, but the elevator angle for: 
trim,in this range of,Mach numb,er increases with increasing Mach 
number. Ho&ever, the st&k'force,would be in the correct sense.tiith. 
respect to stick movanient throughout the trarisonic region. ,', 

The elevator hinge-mmnt data obtained for model 1 indicate a 
force reverscil at highangles of attack (a = 15o), at Mach numbers 
below Q:9. Model 2; which flew at angles of attack of about To 
atM= '0'=9, did not show a hinge-moment reversal but did indicate 
hiqe moments near zero-.., .' ,, 5.' ;' ,; 

.' Lo~itudinal control,effectJveness .-:Theveriation with Mach : 
number-of, the normsl.acceleration @rod&d per pit elevator 

~,.l(,~' deflection a6, is-presented in figure 14. At sea level a large 
transition in elevator effectiveness.was apparent frcm subsonic to 1, 
low supersonic speeds with minimum effectivkneb occurring at a Mach 
number of.l..O.6 for.model.1 with.the.center-of-gravity location at 
25-percent mean aerodynamic chord and at, a Mach number of 0.98 for 
model 2 wit&the' center-of-gravity location at *O-percent mean aero- 
dynamic chord. ~Suffici'enit ccmtrol for maneuvering is available as 
indicated by the fact that 10° elevatordeflection produced 58 
acceleration at a Mach, number of 1;2 at 40,000 feet. ,- 

', 
. . “i;. 

.- 

_. .._ ..---... 



iy 
It : ,: ‘- &$ i. f:. ..’ ‘. 2” 

. ‘_‘._ 

,’ 

: ., ;. 5-52 : ,.: &; ‘, 4,. ., 

NACA RM No. SL9FJ3 ,: 's 13 

,’ 

,-. 

Another measure of control effectiveness is the angle-of-attack 
change produced per degree elevator 

The effectivene3s of the'elevator'in changing angle of attack at ,, ,. 
supersonic speed3 is reduced to about one-half of the subsonic, value. 
This change of .effectiveness occurs gradually.< This effect-was 
parti.cularly noticeable on model1 with the rearward center of gravity 
where 'th,e trimangles of attack.below M,= 0.9 were greater than the 
raige of the .&qjle-of-attack vane.' 'The decrease in%%trol~effective- I 
ness is evidence of theincreased stability of the configuration and 
the decreased lift effectiveness of the,trailing-edge flap that can be 
expectedat supersonic speed3 as c~@red,with high subsonic speeds. ,, ", .' :, 

Dynqnic stability .-,The characteristic3 of'the stick-fixed short- 
period longitudinal oscillations are presented in figures 16, 1'7,. 
and i8. U. ST Air Force specification3 for stability and control 

:characteristics of airplanes require' that the short-period dynsmic 
oscillation of:,nor&al accelerati-on produced by'moving .and Quickly 
releasing the elevator shall be,d&$ed to l/id amplitude ,in one'.cycle, 
(based on free control3). The ds&ing :characteristics for the full- 
scale m-813 have been,evaluated:for the'cqtrol-fixed condition,', 'I%. 
although there is a.slight o3ci~ation,in the, control position.due , 

'to 'hinge&&ent effect, -which 13.: apparent' in figures 7 and 8.i ."The ,- 
fixedfcontrol characteristic3 will dictate, the behavior of'the m-813 
since: it is &uipped'hth an irreversible-l&-percent hydraulic.'boost 
control.syste& Figures 17 and 18 indicate that %his:taille3s.design 
'would more than meet such a,requirement at sea‘level since the l&i- 
tudinalshort-period oscillation will damp to an average value 'of 
l/16 smplitudein one cycle. At !tO,OOO feet, however, the.damping is 
reduced,to about l/s of the:searlevel value. ' c 

" ,, 
~Liirectional stability.- ,.Model* apparently.had somedirectional 

a3yiumetrjr causing it to develop a small positive.,[$ide~force throughout 
the'flight~, ,.Thi3' effect'beceme about t$ce:as large- at Mach numbers, 
below d,Z9w, Model l,did-not.exhibit any suchnonsistent side-force 
variationj~'the.side forces'onmodel lresiiiting from an occasional~ 
disturbqnceY,,Neither model showed divergence or continuous oscil- 
lations,thus indicating positive'di~rection& atability., 

: .," ., 
~1 .' 'CONCLUSIONS 

.' 

An analysis ,of the flying qualities of the M-813, $a&.-& I& 

results obtained frcm two i-scale models, for Mach numbers-O.9 to 1.2. 
,indicates the following conclusion3 for the full-scale airplane: 

: " :. 
-' ,.,, 

,’ 
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ii. There is ample elevator ,control for trim in level flight at sea 
level or at altitude. At 40,000 feet a maximum up elevator angle of 
about so is required at a Mach number 'of 0.96. The transonic triq ,' 
change, .a tucking-under tendehcyj appears to'be mild. _' 

i.'The.eievator control remains effective in changing lift or 
'; angle of attack over the entire.speed range: The effectiveness of 

the elevator in changing angle.of attack, however, 'is reduced to about 
half .of its subsonic value at supersonic'speeds. This change'of 
effectiveness occqs gradually. -. ., 

3. With the -center of gravity:& Pjqercent mean aerody&c chord 
~~the~n&mal acceleration produced@er degree elevator is such that about 

-.Y 10°.uR'elevator&e required to produce Pg at 40,000 'feet'at a Mach 
.', number of,l.*. 'The corresponding stick force per Q based on.the 

:'- .' 
: 

,. measured hinge moments.1~ absut lOO~.pounds per g, a'figure which 1: 
gives an indicat~on~.of the power required of the control boost sjsitem-- '_ 

4. The dem&iing of the short-period longitudi&l. oscillatioti is 
-. adequate over'the speed,rsnge forthe sea-level condition (of the 

order-of 1 cycle toC,,damp.to'l/16 amplitude).. At 40,006 feet, however; 
.' the, damping is reduced'to about l/3 ,the sea4evel values ,. ,' .' _.' 

51' The directionsl'~stab~lAty appears to'be a&uate throughout., 
1 the'speed.,and :&g&e-of~attack,range investigated. . ',. _ :. '- 

" " '. : .._ ,' ". ,;' .' 
', ,' :;- 

Langley Aeronautical Laboratory ,, 
National Advisory Ccmmittee for Aeronautics 

*. Langley Air Force,,Base, Va. : .' ',..!, j '. ,. ,:. 
.. ., (.",' T ./ .' ,. '/' : _' .',I '., ,', ,' 

,., ,' ," .' 
.,...‘C' ., .',, ..' I( .a :. ,:Aeronautical Rngineer 

.' A-jipyoved: .' . . 
', 

/ ,'_ Chief of Pilotless Aircraft Research Division .. 
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'1. Anon..:‘ Flying Qualities of Hloted Airplanes. 
: Specification No. 1815-B, June 1, 1948. 

U; S. Air Force 

2. Gil&h, R. R.: Reqyirements for Satisfactory Flying Qualities of 
Airplanes. NACA Rep. Nod 755,,1943: 
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TABLE II 
., 

WEIGBTAJDBJiLAEE DKPAFOR ,k,.-SCAJ.,E ~11~813 MODEIB 1 AIJD 2 
, 

Am 37l.T.&- coL3B- vumm 7oo*.coxamm~o~ ; 
; 

Roc~t',fue+,i~~~~d on :$6 $-scale models I ,- 

Center+-gravity Moment of inert&, 
Model Weight Wing loadi& 

(lb) 
poeition 

(Ibjsq ft) (percent M.A.C.) 
% 

I (slug-ftq . ,.,. I 

1' 188.00 _( 30.1 *9;7 17.52 
2 189.75 30.4 , ', 24.0 17.89 

: ,, 
'z-scale models without rocket f&i I,,;. '., : 

'. 8 ,' 
,/ 

Moment of iner&ia, 
Model 

Wemt wing loading Center-of -mavit? 
(lb) (lb/w ft) (per~~~~;;,a,, 

IY 
(slug-f@) 

.:I 18e *5OJ 29.2 '. 25.0 16.65. 
., 2 184.25 p 29.5 '. : 2o;o i7.10 '. 

~F+l-ecale~$)O2 

'lVorm@ grosi wei@ Wia loading 
Center-of-gr&ty 'Moment of inertia, 

(lb) (lb/sq ft) position - IY ( percent LAX.) ". (slu&ft*) '., 

'11,600 .:" 27.3 28.5 :27,283 
. _~..^...^_._.-.._e._ - .._ 
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Figure l.- Three-view drawing of the 'i-scale ~~-813 rocket-powered flight mdelj all dimensions 

in inches. Consolidated Vultee 7002 airplane is sketched in for com&?ison. 
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