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SUMMARY 

\ PUuht   loais  invest i Actions ;in   CODdoct«! pri-ianlv   tor th« piffpMe 
Of ronfimin« »Ini-tunnel   if?sults by rnmparin^ the full-sral^ results «ith 
CtN^irablfl *ini-tiir.npl   rpsults M  fTOVIMtlj M   ItMMd n.Tfssarv; 
UMBSiai thf ™neuvprinK OOKtlttOM r«Qttirad Of the air-raft  >«n i   |»tera 

-nlnin« the a.ssoclate.1   Ivnamic  loading OMriltlOM  for  t1.-   MWBWr«;   Md 
hringin« to light   loais rrob!'"''^   i«   i  FMalt ^f corvl'irt mg fli.:.'' 
rr**earrh.     Th^ resparrh ftirplMM PTOffM  ll fh«' Ini?--! States  laeladod 
from the beginning ■■it^nslv»- ptogfaM on flight   Ina;-. -. i   trmmt»,   H 
«.•port   ^ü^nari/'^  srxre nf   the  results   frof  tlMM   larwtlfiti   M fOff 
three airrraff:     the X-l  wdWt*PO—fd airplane;   the X-r»  vinattl'->•  ■■ 
iinltat:   and the XF-^   le!ta-«irrf   .'rr: »••,•. 

sOMMAlK)- 

I,.N  Tenures   r«latlVM  »'"X rhnrg»-s   1»>  v   1   ^'rr-  tMül   ■ prewl^r  lieu 
ims  les huts suivants-   v^nficatlnn  l^s  resultats   I'.^ssatn »r -"uffleri^ 
en mirparant.   aussl souv*nt qu* I'on  Mige nw»-sstlr»',   le« r^sultatH 
ohtenus avw  1* avion en vr»le granrleur et  |M rCMltttl   -nniyaratslei» 
QMMMB a parlir  1*-ssals en mfflorl*!   ♦'valuation i^-s f"ri lit i-^ns  1e 
"nannfuvrabi lite  lewaniees a 1* avion  -t   iotMVlMtlai tn BOMittlflM   1- 
fharge iynamique eomspOHtMt  aux   ilffprentfs manoeuvres'   mlse en lumlere. 
par suite des  recht-r^hes »-ffertuees  en vnl,    le problemes cOMiMMMl   les 
charges.     Le prokcrannie d'^ssals etabli  p^'ir IM avlons de rnfherrhe »m 
Ktats-I'ms a prevu,   des  le debut,   le>  travaux  pnasses sur  l^s mesures 
le fharg^s de vol.     Cftt* rnmnuniratInn  dnnne en   resume  r^rtains   IPS 

resultals 1'etudes reallsees sur trois avinns:   I'avi^n X-l a  fusses, 
1* avion X-5 a  flache variabl"  tH   I'ftVlM XF-102A \ alle  en   U'lta. 
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NOTATION 

by vertical-tail  panel  span,   ft 

bw/' »ing-panel  semispan,   ft 

cb bending-moment  coefficient of vertical  tail,   M^. qS b, 

Cb bending-moment  coefficient of wing  panel,   M    qSh   f* 

'Cm  ) pitching-moment coefficient  of wing-fuselage at  zero  lift    VL  qSö 
0 wf                                                                                                                             * 

CN normal-force coefficient  based on  total wing area.   N.qS 

CN airplane  normal-force coefficient,   M qS 

L
'N horizontal-tail  normal-force coefficient.   L.  qSt 

CS *iru:-panel   normal-force coefficient,   l^ qS, 

iC. 

~  traction of  total  wing-tuselag.'  load farri»'d !)>• a wing 
St 

CY . v-rt i'-al-tail  pan»>l   sile-force eotfflelMlt,   L^. qSv 

c
av t-rage »nu-panei  chord,   ft 

n >•• tion nori»l-force coefficient 

rn<r r'av' s,1"tiori norrral-loH !  pura^r.-r 

• ing wan aero ivn.^i-   etonl,   M. A.r..   ft 

! *iM*9MM]   MM MraljnMWiC  ch-.rl.   ft 

f', : rMaura »11 Itwl»,   ft 

lr l-r   "•'.'"i-  hnn/orr-tl-tail   ].v,ii.   positive  tor up  leal,   it) 

Lv frodynami'    load  on   v-rt :'al-ta 11   pWMl,   lb 

^A aHrod.vnamir-   l,,a i  QH  vim  puMl,   lb 

M Vtirh  BiMber 

vv verticaj-tail vw] »erodynami    bendins moment  atKHit Btrain«mge 
statIon,   ft  ih 

\ *lng-pane] aera^nainlc bending nönent about strain^gage station,  ft  it) 

«i 



pitching moment at zero lift,   ft   lb 

normal  force of airplane,   lb 

normal acceleration,   g  units 

incremental  normal  acceleration,   g units 

pressure coefficient,   (p -  P0)/q 

P^ resultant pressure coefficient,   P^  - P,, 

p local  static  pressure,   lb sq  ft 

P0 ! rff-streatr static pressure,   lb sq  ft 

' •nax 'Taximum rolling angular velocity,   raiians set 

q Ivnamic  pmstiro,   1  J^ V ,   lb sq  it 

q pitchini; UlSUlW a.-r-elerat ion,   raiians sei" 

S Wing art'a,   sq   ft 

St hori/ontal-taiI  area,   sq  f{ 

Sy vert i.-al-tai I  »rM,   iq  ft 

SJJ ar^a  of  one »in« panel,   sq  ft 

V t rm» airspe«'',   ti  sec 

* airplane »ficht,   lb 

(X    ) win«-fuselage aerfvl.vnatric cent   r,   |  M.A.C. 

cp 

cp 

»I 

A 

■ 

chori»ist' coater of pressure,  Tf c,. 

lateral  center of  presstire,   | t^  • 

airplane angle of atta'-k,   leg 

airplane angle ot sideslip,   log 

angle  of sweep,   ieg 

'tensity of air,   slugs cu ft 

SubsCr i pt s 

( lower U up^r 

vil 

max maximur 



FLIGHT   LOADS   MEASUREMENTS  ON 
NACA   RESEARCH   AIRPLANES 

De E.   Bee lor* 

1.    INTRODUCIION 

Flight   loads  investigations are conducted  primarily  tor the  purpose o!  confiraing 
*ind-tiinnel   results  by  comparing ^he  full-scale results with comparable wind-tunnel 
results as   frequently as  deemed necessary;     assessing  the maneuverm!; ion lit ions 
required of the aircraft  and determining the associate 1 dynamic  loading conditions 
for the  maneuvers;     and bringin« to  light   loads problems as u result  of conducting 
flight   research.     It  »as natural,   therefore,   from the beginning o{   the  research 
airplane program  in  the "nited States,   to include extensive programs on  flight   loa i> 
rnea-surements.      This  presentation  is  intended to sumn«ri/.' some of  tki  results  froi 
th^se  investigations. 

Gt-nfrally,   the data have been selected  from fhree  research air-raft  having ■  «i i. 
range of configuration.     The aircraft  st-lected are shewn  in Figure  1.     Included  are 
the X-l rocket-pmered nrplane which has a straight  wing with a thickness ratio 
of  IQH of the chord aivl a imitlerately high horizontal  tail,     th»' \-5,   i variabie- 
•ing-sweep airplane with a »ing airfoil  section thickness of about m ot   the chord 
at  60° of s»^ep nn 1  th»«  hr^rj/cmtal   tall  near the center  line of  th^ extended «irg 
chord;     the W-92A 1elta-»irig ainraft  having a wing  thickness of about  6.M  of   the 
chord and having no horizontal  tail.    The mfasurel loads   lata presented  lor the X-5 
• ill be for the 6Un «ing .saeep con! uurat ion.    Th»' film.'   loads for the various 
cowpontnts of these aircratt  «en- determined bv use o! calibrated strain gages.     In 
addition,   pressure-distribution n^aaup'wntH »»»re also wtd«> nl the fuselage and the 
• ing ot the X-l »irplan«-. 

2.    FLIGHT   FNVFLOrF   FOR   RFSFARCH   AIRtRAFT 

In tin flight   invesluattun of  the rt-s.-afl. aircraf.   if  has been found that 
-«iiiwuff lift cf>»'f! i .lent of the airplan»' or th.    Intff 1<>H) factor   l(.e.> not 
MMMiTtlf establish t h«-  txninlari'^  for th«' operating  flight envelopes of th*« 
aircraft.     Th»- oc<-urr-n .■ of pitch and yaw   iiv-Tgences an 1  in.Ttl» coupl ing have 
caus.fl the aircratt   to  reach or tSCMd   iMigi  li'ifs   ir.a h. rfent ly,  an 1  th»- 

l     irrence nf tmff.-fing.  efeMfM  in longifi).iinal stability,   loss  in cortrol  po«»r, 
and high  ind'i<' I drag hav«- pn-v-nt.-i  th" aftaimx-nf  of maximun'  lift.     A typical 
flight MMlopi "f a n-s.-ar^h aircratt   IN shown  in ftfM% 2.  wh.-r"  th»' Mflf    ; 
attack for muximuir lift  cot^fficient   is plotted against  Mach number.     Th»«  usual 
r-duction  in •naximutr  lift   at   transonic speeds  is e\idenf  with  increases  in maxlmuir 
lift  at supersonic speods.     Also  included M a  lower boundary detinine an abrupt 

• hange  in  longitudinal  stability   (nferred t o as   'pitch-up* >  nnd »1M   lefinim-,  tlM 
increase   m but fating   inUifmltf,     The sha If 1 area  bttt—H  the  two t>oundaries bTOMI 

* i.hiff. hesmrrh lh\ itian, WtA High-Speed FfigM Station, EA—rd» lir Fore« BM«I 

(-'u L ijorn in,   / ,>.\. 



an area of questionable use  for normal   flying of ain-raft.     The extent of the shaded 
area will depend on the aircraft configuration,   but.   generally  speaking,   the  use of 
thin airfoil  sections will  reduce the occurrence of transonic buffet  to an area near 
maximum lift.     The  improper use of aircraft  arrangements such u wing sweep    aspect 
ratio,   and horizontal-tail  position will  result   in an area below maximum lift of 
questionable usage.     Flight  loads  investigations conducted  in  the shaded areas have 
shown nonlinearities  in  the various  loading parameters,   as will  be pointed out. 

3.    DIVISION   OF   TOTAL   AIRPLANE   LOAD 

The  loads on the wing and  tail  panels were  measured  independentlv of the  total 
airplane  load;     therefore,   it was possible to determine  the   iivision of the nomU 
load between the wing.   tail,   and  fuselage.     Tvpical data  for the straight-wing X-l 
swert-.ing X-5.   and the   ielta-wing XF-92A are shown  in Figure 1  tor a subson.c and' 
transonic Mach number,   and are shown as component  normal-force eotfflelMtl plotted 
against  the airplane normal-torce coefficient.     The airplann  load was   letermin.-d 
trm the mea.sure^nt  of the normal accelerations at  the airplane center of gravity 
and a knowledge of  the weight  of  the airplane.     The w,ng  loads  for the X-l were    " 

obtained  from pressure-Ustribut ion measurements and calibrated strain gages and the 
raining wmg and  tail  loads werr obtained  fro» calibrated strain gages      Th* 
taselage  loads m ietermlned  indirectly by subtract ,ng the sum of  the wmg and 
a.l   loads  from the total airnlane load.    All   loads are ptmM H aerodvnami. 

loads.    As MO- be noted from the figure,   the st raighr-.,ng aircraft  shnwel im.-ar 
variations throuKhout  the norwl-force-coefflennt  ranne  investigated.    The highh 
s.ert and delta-wing mrcraft show redurtlor»  In .Ing load ,t  the higher vah.es of 
airplane normal  force and    orrespondlng IWflMH  In fuselage  loads,    slopes of 
the win, and fuselage 1«t*  m the  linear range have been ..valuafel to determine th. 
nnt.ibution of  M. .ing load to th* .Ing-fusel.ge  M and .re sh.^n  m PtW« 4 

as a    unction of itech numr^r.    Th.- me.surel results show only slight   increase   m 

u^JVt CO"t•^UUo,: *ith ^h nu^-    Calculations of the .mg-loai    mUi^itm to the .lnR.rus,i„e j.^ ^ ^ for m ,,,nf uun|llMn shfmn 

o    Hopkln. mt Crel^.     ^ m.th.1 .« ievelop^d  fM *  ^ nf .ln,.ttjnnH   ^    . 

; nci^ t' Tvfti rMu,,s tr(M ***** **-■■ »•-—. - i«rs 
^i! . t*9*9™**   ""^ of the  fusel.ge on rhe .,ng and of tfe. .In, 

Trl. JU
M     *!!. * C0^rtSOn 0f  "* calrul.tlons with  UM   flight   lata shn.s  that 

a waaonabl, good prelict.on cM be m* of the  iivision r,f nnrml-f,.rc. loads 
ftetaeen the wing and the fuselage at tv sur.som • M !„. 

4      CHORD»ISF    PRFSSIRF   DISTRIBUTION 

:■     tafMl pressure distributions of  the ur^r and   low..r tmtUlU of a mld- 
UIPM  Nation of  the  1« thick X-l wing for subsonic,   transonic,   and ■9oMie 

>■•> are s^nrn Figure 5 and  Illustrate the g.n..ral  shdpfl an1 ^  J ^ 

th- pressure diagrams  for these speed  regimes   .see also toftrMM   M      A* 
>u..sonic distribution  is of  the  triangular shape with peak pressures ooiwrU, at 
th. a  roil    eadmg »dge with the center of  pressure forward on the airfoU  Zctim, 
.he d strlbutlon at  transonic speed  is  irregular as , result  of  normal  shock 
formations on the upper and  lower surfaces.    For the particular flight condition 
presented   m Figure 5.   the normal  shock.   M defined  by  the abrupt   pressure  rJZ.» 



between 40 and  50* of the chord.   Is  located  on  the  Upf*r surface at  approx.mate]v 
m of  the chord.     Separated  flow region exists  to the  rear of  the 5(H chord as 
Indicated by  the flat negative pressure portion of the pressure diagram.     The norml 
shock on the  lower surface  is  located near  the 80;c-chord position.     As a result of 
the existence of normal shock  formations  in the transonic region,   variations  in 
angle of attack and Mach number have been  found to vary greatly  the detail   pressure 
distribution at   transonic speeds.     Flight   results  from thinner airfoil sections 
indicate that  the  larce  irregularities  in  the distributions are greatly  reduced bv 
use of the  thinner airfoil  sections.     At   the supersonic speeds,   the  largest  change 
from the subsonic distribution  has  been   in  the upper surface distribution of  load 
where at  supersonic speeds   the   largest   negative pressure no* exists over the  rear- 
*ard  portion of  the »ing section. 

I.    SPANWISF   niSTKiniTION   OF   SFCTION   CHORDWISF   LOADING 

action  load   iistrihution across  the span of the x-1  rtM».'   U   item   in Figur. 6 
for s.-bsonlc.    transonic.      and supersonic ^ch numbers at  a nominal  .ing-panel 
normal-  ore coefficient.     As ^v be noted.   th»re  is  the gralual  change  tttm a 
triangular type ot   loading .,th  the center of  load  forward M the  section »1  .ob- 
Male  IPM to ar approximate  re-tangular  loeding with  the .-enter of iffMMf. 
locate a!  approxi^telv  the .idehord station.     The  irregular shape of the' Jistri- 
but.on  is apparent at  the  transom    l, ds.     No p.rtment  eterttiM   lote-dtetrlbutJ 
changes,   from the  loads standpoint,   app^ to ,.xlst  for thp ^^^  lmt 

t» span.     Calculations of the elMHM   loading have  (,«en mad. to  illustrate  the 
tom of corrH.tion that  **,  be expected .here compared with  full-seal»   flight 
MtdU.     IN- results 0|  tte calculations are sh,.n  m MflN 6.     T^  ^m  J 

FZ "rT7   T   IV Ü1 a wn*etlo> r1™' •< M- f^tap l.etioi —mmd. 
or n..- iat,. „:  . M»,.f, ,^. r  „ 0. ^ eterfcl« load llstrtbottoM mn totonined 

by appl.cat.un of  « similar analysis U „v.n   in tofepne« 5.     |te Metl«  uZZ 

Ml span station .as almst-,  to , span  loal   UatrlbÄt« CtleilUtod |Q   the  »tted 
-     Reference i ,nd -orrect.l b.v  th>. Pn.n Irl-ülauert   ta-tor for «MfJuMHtT 

lata  for all  span stations.     Th. mm** data at  a %ich number of 0.88 show    a. 
•1*1 te expecte,.   , strong .. id.-nc of .UM  fta-  ,.,inJltlnns ^  fhf>  ,JJ  ^ 

Calculation for th- prediction of  Um local  pnm^.  I .1., ^    th)1 a      o    Tn 
»I, su   ,.ct   to  „...^.„n.     ho.......   r(.Mllts  ,lf   ,,..    ...     .,._   ;iri,  ^  ■' 
MM uaal   tatnv   . ,.„ of  the comparison t.tween th.-.n   «I «».«»•,  ;lt  thls ^ 

«-ter.       n tte Ojlajtott—.   -a,   Ite Prandtl-oiau-rt   t runsfor^t ion ^ usH  To 
or ec      he sp«n  .nading  for «Mpm-tblltt, tffeeU,     b,  the  flat-Plate pr-ssure 

on 

an Mterl«|   .   u |   tte  [ressun-   Ustrlbutlon due  to thickness .as calculated bv 
application of   tte  results of  Spreit-r ;in i  Alksn. ". 

Th.. .al.ularions  !or tht,  SU(vrsonu, ^  ^ ^ J^J  |- i 

»PPltod  the   imeur-.^d  tte«,,   r(>su:t. „t   H..{l.r^  B ^^ ^ 
■it  supersonic  ** numh(irs   ln whu,1  |)0th thi   lw|dla| an1 ^j » J»  ron. 

sorn,       AHnional  calculations  for  the „  statlnn an> shown projocted t0 tho
r 

o    H^n. . ,h   ,.  tlie  Ul)pt,r an(i  lm9T Mirfa^ ^^^^^ (listributions    p
h 

ca(    lated by an appllcatl«, of Busew s second-order  theory^ assuming that 
.a)  the mid-semisp-an ein« station   I.   m .  two-d,monsional  fie. region   (the root 



and  tip  linearised shock  lines  intersect  in the  nei.hborho.Ki of the  trailing edge) 
and    b    the airfoil  of  this span  location was  approximated  by a biconvex profile 
The co.par.son between  the calculates and measured data shows good agreement.   ' 

overX0 me r^^"5;0" the0r-V 0J ReferenCe 10 impr0Ved the ^diction so.ewhat over  the  Unearned theory.     Similar action loading data of Figure 6 are shown  in 

LTOVP      
ill"Strat:  the dlStribUtion of  1°**** «* W angles of attact    T e 

data of Figure 7 are  for angles of attack near the  max™ lift of the wing      The 
increase of the  rear chord  loading at  the  nigher  Vbch numbers  is evident    a^  for 
the  low angles of attack.     Also,   the existence  of high pressure loads at'the  leading 
edge of the wing for all  Mach  numbers may be noted. 

6.    SPANWISE   LOAD   DISTRIBUTION 

An  integration ot  the section  load distribution over the span of  the wing gives 
he  span  loading distribution shown  in Figure 8.     The data are extended  to    nrlude 
e  pressure distribution ^asured over the  fuselage  to the airplane cen er        e 

It my  be noted  thu an appreciable reduction  in  load over the  fuselage ex s      aid 

irrl ^ "n    T™'* Sh0*n '" the SUbSOniC - "»**** "S nuLr rregu ar nes do exist,   however,   in  the span  loading at all   transonic speeds similar 
to    hat shown  in Figure 8 at a  Mach number ot  0.88.     An  inspection of  the   i ta    e 
surface pressure distribution shows  that  irregular chotdw^.   normal  shock  loca    on 
and „ve^nt  at various span stations pr.luce  the  irregular effect   ITS. Zn 

ü    ^Uure    CU ^r  "" r'0^ " the "^ 0,Jtli^ - '^cussed" eviousl. 
onl    n agreement was  realized by  the span  load distributions a    sub- 

^"tT^r^-     ^  —>—   *  - "—1  data we. S 

7.   COMPARISON   OF   FLIGHT   AND  WIND   TUNNFL   SECTION   LOADINGS 

It   is   lesirable.  when deemed  necessary,   to compare  the  results  from full-scale 
tlUm   investigations wuh comparable results from wind-tunnel   invesuJ ons      L 
tom of correlation found  in these comparisons is  illustrated    nF^rJ'6 

SirjTiS. rs ;:ex?atior- ••n,,ucte'1 in the ^ ^ ^ -- ^ mne      ot a mo<lel  of the X-l airplane" and  the  flight   results,     it  OHV   hi noted 
t   there are some differences   in the detailed  lading;     however,   it^s  tu\Z 

the agreement   is  fairly  good.     It should be pointed  out  that   tV a.rnUn    V 
Hges were cusped and  the airplane sections Le m^ilfled' .U      1^^ ^ 
area.     This would account  for soTO of  the differences at  the  trailin es      I, 
comparison of span  loading  results  from flight  and wind-tunnel  t ,       r ^nt. 

unnei  and  fUfht,     On  the basis of comparisons similar to  those mde     it,    ^ 

«.    EFFECT   OF   MACH   NUMBER   ON   WING   LATERAL   CENTER   OF   PRESSURE 

The effect of  Mach number on  the  lateral center of nressnre «f M, 

rr« .„ ,.t.mt,OT or .iM span load iutnZZ t 7Z"Z nZ ulorTJ 



^T^H1^ ^r are Slmilar data  f0r the s*ept-wing X-5 ami delta-win. 
XF-9 A.     The data are  for regions where  linear variations of wing loai      th Zie 

ruseiage    .  were made and showed only a negligible effect. 

The ving tending-moment  cosffIf*{*»«■■  f^r- fk„  .v. 
Figure  12 as t   nmrt ^of CnftriCle"ts  for the ««*« configurations are shown  in 
c  gure  w as a  mnction of wing-panel  normal-force coefficient      For the X  l «ir 

9.   FFFECT OF MACH NUMBFR ON WING CHORDWISE COFFFICIENT 

N « äM;:r; i^.r.™ u^1;^ 'tr:,',::n:rt
s:rir*•ou,, 

speeds.     These  trends are   indi^**** ■ suhsonic to the  superson c trvnua  are   innlcated   to some  eifont  mitK   »k,,  »u- 

..f». x.5 - xr.^ >,.■_ sh(,n ,„ ziz ::::ir„;^,^f
r
l::::.

, sw,■™5 

in.    FUSFLAGF   PRESSURE   DISTRIBUTION 

fuselage  in  the vicin        oftllZl    T^^^T*  ^  l0Cal  PreSSurPS of «» 

station a reduction .t s^ J ^     ;m^iately  ^^ 0f ^ *** 
to the wing compres^on fol  .«L hv '^ clistribut *"" results due 
on the fuselage hod, >  * &™™^  »«• of the wing distribution 

* 1 . VARIATION OF TAIL LOAH WITH AIRPLANE LOAD 

normal-force coefficient are      near for'   he'! if r    Variatl0nS  in  tail  ^ »^ 
-iepending on the speed rang      I to chin es    if h

rangeS Showi1'   but var-V considerably 

fuselage combination as s o n    n F g    e      '     f^ ^f™^ '^ 0t ^ ^f 



combination moves abruptly.-  from a subsonic  leveJ  at   transonic speeds  to a rearward 
position at supersonic speeds.     Also shown  in  the  figure  is the effect  of Mach 
number on the zero pitching moment of the wing-fuselage combination as calculated 
from the measured  flight   tail  loads.     It   is  possible,   therefore,   try using these 
flight data or similar data from wind-tunnel  tests and by assigning proper night 
pitching accelerations,   to calculate  the horizontal-tail   loads  for symmetrical 
maneuvering flight.    Figure 17 shows the variation of the measured tail   loads at 
subsonic,   transonic,   and supersonic Mach numbers for  the swept-wing X-5 airplane15. 
It may  be noted  that nonlinearities exist  throughout   the  lift  region both  for 
subsonic and  for transonic speeds.     It would  be necessary  in these cases  to make 
detailed measurement." of  the  tail   loads  in wind-tunnel   tests to obtain basic data 
if accurate prediction of  the flight  tail  loads  is required, 

12.    FFFECT  OF   WING    >WFEP  ON   GUST   RESPONSE 

The  unique  featun   of being able  to change  the via« sweep angle of  the X-5 afforded 
the opportunity of investigating  the effects of sweep on the gust  response of the 
airplane  flying  in  turbulent air.     The aircraft wasflownover a  prescribed air course 
at a given  indicated airspeed  in turbulent  air with sweep angles  of 20°,   45°,  and 
59°.     The measured  results  are shown  in Figure  is as the  ratio of  the  loads of a 
swept-wing airplane  for the  three wing sw.-ep aagles,     Ilielw*ed  also  is  the   load 
ratio as a  function of  the  cosine ol   the  angk   ol sw^ep.     The  t light   lata at   'tie   two 
lower sweep angles agree with the cosine concept,     however,   the   load-ratio data at a 
wing sweep angle of 59° are slightly  higher.     Due  to the   l.rn  lateral  damping of  the 
airplane at  the high wing sweep angles some  rolling was evidenced  in  the measurei 
data.     It  is believed that  some of  the differences  noted at  the  high sweep angles 
may  result  from the normal  acceleration due to  trie  rolling. 

13.    FFFECT  OF   AIRFnu.   THICKNESS   ON   BIFFETING 

The OCCttrme« Of  buffeting at   transnr.ir sp.-.,.. *^  mi   obJtetiOMbl« with th.- 
early  research aircraft.     The  regions of most concern are  illustrated  m Fuure  It 
where boundaries of  the buff-t  region are shown  for the straight-wing X-l  airplane. 
Measured  maximum  fluctuating stresses  m  the primary structure of   the »mg and tail 
were of  the order of  15  to 20; of  the design stresses.     The us-  of  ttU airfoil 
sections  has essentially eliminated  the  transonic Puffet  region,   as shown by  the 
boundary  for a thin airfoil.     However,   at  subsonic spe.-d  buffeting ocean at   low 
angles of attack and devices such as  leading-edge  flaps are  found  to be teaefieU]   fOf 
raising the boundary  level,   as shown  in the  figure. 

14.   UNCONTROLLED  MANEUVERS 

Maneuvers of an uncontrolled nature  hav- boon encountered   luring the  flight 
investigations of the research aircraft   that  are of  interest  to the study of  Might 
loads.     These maneuvers  have manifested  themselves  in the  term ot   HvergeoCM   in 
Pitch and  in yaw during flight  at  high angles of attach  and during rolling maneuvers 
Typical  examples  of  the development of angles of yaw and angles of attack dun- 



the maneuvers are shown  in Figure 20.    Also included are  the pitching accelerations 
experienced during the  inadvertent maneuvers.    The open and solid symbols define the 
maximum .measured values resulting from inadvertent pitching maneuvers and rolling 
maneuvers,   respectively. 

For the pitch-up maneuvers it may be noted that the pitching acceleration 
experienced during recover was approximately twice the values experienced during 
the  inadvertent pitch-up.     The horizontal-tail and wing loads measured during the 
maneuvers were below design limits since they were performed at high altitude- 
however,  extrapolation to higher dynamic pressures shows that design loads may 
easily be exceeded. 

15.    EFFECT  OF  YAW  ON   VERTICAL-TAIL   LOADS 

The loss in directional stability at high Mach number and at high angles of attack 
has resulted  in development of large ya* angles.     The magnitude of angles  for high 
angle-of-attack conditions is shown in Figure 20.     It   is of interest to review the 
measured vertical-tail   loads experienced during these yawing maneuvers which occurred 
at an angle of attack of approximately 20°.     Figure 21 shows the variation of the 
measured vertical-tail   load with sideslip angle and the vertical-tail   load with 
vertical-tail-bending moment.    These data show appreciable losses  in vertical-tail 
load and change In vertical-tail-load distribution with  increasing yaw angles.    The 
loss  in tail  load,  of course,   reduces the tail contribution to static directional 
stability,   hence the development of high sideslip angles.     These high aneles of mp not 
only produce high vertical-tall  loads but also sub,ect  the fuselage body to high" 
loads.    The changes  in  load distribution of the vertical  tail  are apparent   fro, the 
appreciable outboard movement  In the  lateral  renter of  pressure.     Studies of  the flo. 
hehavior at  the  tail  plane of an X-5 mcviel   in the NACA Ungley stability  tunnel  have 
been made at  low speed by using UM  tufted screen grid technique    These studi- have 
shown vortices to   originate   from the wing at   huh angles of attack as  illustritei 
in Figure 22.     The  illustration shows  the mrvi,-!  at  an elevated angle of attack and  in 
a yawed att.tude.     In the  lower portion ot   the  figure   »s  illustrate!  the   location 
of  the vortices  in  relation to the vertical-tall  plane of the X-5.     ÜMM WN 
determ.ned  from ****** of  the tuft  screen  photographs at an angle of attack of 
.2    for three conditions of ya*.     The  figure also illustrates  the effect   of  the 
vortlce on the vertical-tail   loading as the vortire approaches  the  tail  surfac  .n a 
ya.e    condition.     The  local  angles of attack  of  the tail  surface are  increase,  £ 
to the presence of the vortex above  the plane of  the vortex center mi are   leerere, 
below  the vortex center.     For the  location of  the horizontal tail  of the X-5 at 
these angles-of-attack conditions no appreciable effects of  the vortex on  the 
horizontal-tail   loading were evident.     It would be expected,  however,   that   if  the 

o    ices were  located  near  the horizontal-t«M  plane the distnhution of horizontal 
tail would be affected. 

16.   VERTICAL-TAIL   LOADS   DURING   ROLLING 

Another problem concerned with  loads on the research airplane has been the 
development of large angles of attack and angles of sideslip  (Fig.23)  during rolling 
-neuvers.    m. has occurred on aircraft having the mass distnbutei p^rily"long 



the  fuselage and having  the ability  to roll  at  rates approaching the natural circular 
frequency  in pitch or yaw.     Measured  loads   for these conditions  at high altitude have 
approached and  in some cases  exceeded the design limit during the maneuver.    Attempts 
to alleviate  the difficulties have been made  by  increa       j the static directional 
stability or restricting the  rate of roll,   or both.     These  f^ght experiences have 
however,   emphasized the  need  in structural  design  for a  car,      i and complete studv' 
of the stability characteristics of the airplane.     It  is al   , necessary to perform 
calculations of time histories of rolling maneuvers using  uve-degrees-of-freedom 
The  use of calculated data has been  found helpful   in exploring suspected  problems' 
of  this nature.     For  instance,   the effect of high dynamic pressure  for these types 
of maneuvers may be assess-i by  typical calculations as shown  in  Figure 23      These 
calculations are  trom an analog study  to   letermine  the  vertical-tail   load during a 
rolling maneuver and are  based on  flight  tmulU of a  rolling maneuvei  at  high 
al'itule.     The calculations sho* appreciable reduction  in vertical-tail   Inai  for the 
l«W  rolling velocities;     however,   initiatinu   the  roll  at  a  higher angle  of attack 
as  in a  rolling pull-nut.  *uul 1 result   ir appreciable  increases  in vertical-tail   load 
at the high dynamic pressures. 

17.    CONCI.l'SION 

in conclusion, it may be sail that th, flight loads inv.stuat ions of the research 
aircraft have proviled .onsilerable full-scale 111*1 loals lata which «ay be used to 
compare and che^k results  from scale.mo.leI tests  In wind tunnels,     have defjnel areas 
or expanding research or conlu-ting  in more detail present   investigations both  In 

Might anl in the »Ind tunnel;     have providel full-scale iata urvler actual  flight 
conhtions tor M  m choking theoretic! -.ot.W, „f pr» Hot;....     .,.,1.   lastly    have 
pronded data on th. structural and aerodynamic   loads associated .uh the evaluation 

f torlOH and confuurations for Improving aircraft   m the fields of stahilit* and 
performanc»' as well as aircraft   loads. 
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(a) X-l airplane 

(b)  X-5 airpbinp 

(c) XF-92A airplane 
Fie. 1  Photographs of the airplanes 
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