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U.NCLASSlFtED 

An investigation waa made br the RAGA wing-flow method to 
determine the longitudinal stab1lit;v and contlrol characterfatic8 
at  traneonic speede of a semi- airplane model having a wlng of 
conventional glm form and a horizontal tail mept beck 45'. The 
wiw and tail had MCA 65-seriee airfofl eections 775th thiclmesses 
of 10 and 8 percent chord, respectively. The model was mounted in 
ouch a way a8 to permit it to assume a position of zero pitching 
moment about the oenter of gravity at 27 percent of the mean aero- 
dynamiu chord. Mea8uremer;i;s were =de of Uft a& angle of st tack 
for t r i m  f o r  eeveral st~ibflfeer and elevator settings. 

Because of the  chordwise variation of Mach nuniber in the test 
region, the effective Mach nuniber for the wing of the modelw88 
lower than that for tho tail of the model. The tests were =de at 
effective Mach numbers at the WIng of the m&el fron 0.55 t o  1.09. 
The interpretation of *e reeulta in term 02 f'uU-Bcale flight 
conditions 18 eubgect to mme uncertafnty because of t h e  difference 
in the Mach aumber of the f l o w  at the and at the tail a d  
because of the low Reynolds cumber of the tests .  



t r i m  decreased fa i r ly   s tead i ly  with increaae i n  Mech mm3er 
above 0.65. No sudden loee of effectiveness wa8 indicated such a% 
x88 lnciicated for the mswept t a i l  when the Mach amber  WBB increased 
from 0-.85 t o  0.9. The elevator XRS ineffective  for  deflectione 
of 1.4O t o  -2O over the ent i re  Mech number r a q e  of the t e s t e  
probably because of tho  effect8 of low Reynolda number and sweepback 
combined or  of the  effect  of sweepback alone. The change in trim 
obtained by deflectbg  the  elevator from -go t o  -6' decreased 
steadily wfth increase  in Mach nuniber above 0.70 and 'Decem zero 
for deflections from -2O t o  -bo a t  a Mech nmb91* of 0.97 or  a Mach 
nuniber about 0.03 higher  then  that  for which the  elevator of the 
unswept ta i lbecme  Inef fec t ive  a t  erne11 deflections. The resul ts  
indicated that with  the swept-back tail an airplane of canfiguretion 
simflar t o  that of the model could  be tyimmned for level flight 
through  tho  Wch nuILiber range investigated  with  considerebly 
smaller and more gradual variation of stabil izer  angle than wlth etn 
unawept tail; the  varie-tion of elevator angle a h o  would be m l l e r  
provided the range of ineffective  elevator were avoided, 

An investigation of .the longitudinal s t ~ b i l i t y  and control 
characterist ice of a aemtspan airplane model has been undertaken 
by means of the NACA wing-flow method in order t o  Obt8.h some 
infomation on the  longitu'dinal  stabillty and control problems that 
m y  be encountered in  fl-ight a t  speeds up t o  an& through the speed 
of sound. Results of tests of the model fitted with an unswept 
wing and a horizontal tail heving a i r fo i l   sec t ions  with thickneesee 
of 10 and. 8 percent chord; respectively, were reported in  reference 1. 
These results  indicated tlmt the principal di f f icu l t iee  would be 
encountered a t  Mach numbers between 0.9 and 0.95 where sharp 
changes i n  t r i m  occurred appa.rcntly as a resul t  of compreseilility 
effecta on the tail. Ih per t i cu la r  the elevator s e e r e d  a . 
complete 108s of effectiveness fo r  mall deflectlone- in  thie Mach 
number reage. Because tho  reeulte of t e s t s  on swept-back a i r fo i l8  
(referencea 2 and 3) indicated  better l i f t  charackeri&ice than 
may be  obtained f o r  unswopt a i r fo i l s   i n   t he  traneonfc-speed range, 
the  present  tests were mde wtth a ewept-back t a i l  instal led on 
the model. The tail had the aame span, aepsct. r a t io ,  and airfoil 
section  ae the origj-ml tail, no taper, a sweepbck of 45' and 
e. 30-percent-chord elevator. The t e s t e .  reporbed herein were =de 
as described fn  reference 3 .  Mee Burements  were mace of l i f t  and 
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The t e s t s  were made, as described in reference 1, by fhe 
NACA wing-flow method i n  which the model is mounted in the high- 
speed flow over the w i n g  of a P-5u) airplane. 

The aemispan model equipped with a mept-back horizontal 
t a i l  i s  shown fn figures 1 to 3. Except for the horizontal. tail, 
.tho model was the amm as that used for the t e s t s  of reference 1. 
The t a i l 8  i n  both cams had the same aha, aspect ra t io ,  and air- 
f o i l  sectfon in planee n o m 1  t o  the tail syan, The elevator chords, 
however, were 20 and 30 percent of the chord8 o f  the straight and 
swept-back 'tails, respectively. The arrangemeBt of the un8wep-b tail 
of reference 1 is shown i n  figure 3 fo r  comparison with the present 
tail. The geometric characterist ics 09 the model wltk the swept- 
back horizontal tail are given in table 1.. D " l m  of a corre- 
sponding ful l -scale  airplane with a scale of W : l  r e l a t ive  to the 
model are also shown fn table 1: in order that .the proportima o f  
the airplane may be more eaf3il.y visualized.. The horizontal t a i l  was 
arranged t o  permit adjustment of the s tab i l izer  angle. The surface8 
of the tail were grooved at 70 percent of the chord in order that 
the t a i l  could be bent sharply along this l ine  to eimulate deflection 
of the elevator. A section profile of the  horLzmtal t a i l  with the 
elevator  deflected -6O is shown in ffgure 4. The t a i l  and elevator 
chords and the s tab i l izer  and elevator deflectiom are considered 
i n  plane8 normal to   the  pan of , the  tafl .  The model wa8 mounted 
i n  auch a m y  as t o  permit it to same R position of zero pitohfng 
m m n t  about the center of gravity a t  27 percent of the mean aero- 
Qmmic chord. Other details of the model and the testing technique 
are described in reference 1. 

Measuremnta of Uft and anqle of. attack of the mdel a t  trim 
were made with elevator neutral  and. stabl l izer se t t inge  of ~ 1 . 3 ~ ~  
0.7O, 2.70, and 3.70 end with a etebilizer setting of 3.7' end 
elevator eettinga of 1.4O, -2O, -40, m a  -6'. In order to cover a 
range of Reynolds number the tee ts  with each tail set t ing were made 
i n  two dives, one a t  high and one at meaium altitude, and i n  a level 
flight run a t  Tow al t i tude.  The average relation between the  
Reynolds number a t  the wing R, and the Reynolds number at the 
t a i l  Rt with the Mach number at the  w3ng M, for the three 
altitude conditions is ahown in f igwe 5.  The Reynolds number 
correeponding to a given Mach number in a given nordna.1 a l t i t ude  
range varied aomevhat aslang different testa  but the .mriations did 
not exceed 3 percent. A l e 0  &own in figure 5 is the variatlon of 
the Mach nEDdber at fhe tail 4 with the Mach ntllls3er at the wfng 





having the swept-back tail with the characteriatice indicated In' 
reference I for the  unawept tall, data fmmr reference l a r e  included 
in f igurea  ll, 13, 14, and 15. - 

!Che angles of attack and lift coefficienta at wMch the model 
trimmed for varioue  stabilizer settings wlth  elevator  neutral (fig. 6 )  
ahowed no appreciable  effect of the difference in Reynolds nurdber 
obtalned from the low-altitude and medim-altituae rum. Some scale 
effect,  however, appear& to be indicated in the data obtained Prom 
the  high-altitude run at Mach num%ers of 0 -77 to 0.92 With the 
elevator deflected (fig. 7)  the  reaults  indicated 80me effect of the 
difference in Reynoldrr number. obtatned In the low-altitude and " 

medium-altitude runs at Mach nunibere leek. than 0.70 8.nd a large 
scale  effect in the  high-altitude run at Mach nunibera h 6 S  than 0.95. 
No scale effect m e  indicated at Mach numbers greater thaa 0.B. In 
view of these  result8 only low-altitude and medium-altitude data are 
considered b r e i n  except for Mach numbers above 0.95. 

The L i f t  coefficient and. angle of attack for trim with varlous 
stabi l izor and elevator settirqe showed about the same general 
variation with Mach number up to a Mech n W e r  of about 0.88, &E w&8 
obtained fn reference 1 for th.s model wlth the unsvept gil. That  
is, the  lift  coefficient and angle of attack f o r  trim  decreased 
fairly steadily  at Mach numbers from about 0.70 to 0.6, probably a8 
a reault of shock f3bUing at or near the wing-fueelage juncture. 
At Mach nunibere f r o m  0 .@ to 0.88 the angle of attack for trim 
increased probably as 8 result of a change in angle of attack f o r  
zero lift a d  in zero-lift  pitching moment for the entire xlng. 
With a f'urther increase in Mach n W e r  the Uft coefficient and 
angle of attack decrearsed steadily up to a Mach number of 0.97 
or 0 -98 and then  decreased fairly abruptly This abrirpt  change Was 
considerably smaller than the trim changes encomtered wlth the 
unawept tall of reference 1 and occurred, on the  average, at a .%ch 
nuniber that waa 0.05 higher. 

The variatfon of lift coefficient w i t h  angle of attack at all 
Mach nllzzibers indicated in figure 8 agreed within oxperfmental error  
'with the data of reference 1. The slopee of the l i f t  curve6 ( f i g .  9) 
derived from the combined..data of the  present t e s t s  and the t e a t s  
of reference 1 are slightly different in absolute value than the 
slopes presented in reference .1 but the general variation with Mach 
nuniber is unaltered. The angle of attack of the fuselage at zero 
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i n  the slope of the 
number from 0.85 t u  
(See fig.. 11.) The 

of f o r  

the swept-back tail than for the unewept tail st Mach nmbers less 
than about 0.90 may be caused by both the increased tail length of - 
the swept-back b i L  and the fact that the slupe, although taken over 
apparen$3y the B B ~ B  range of stabilizer aettfng, CoTera 8 samewhat 
different range of l i f t  coefficiezt for t h e  two sets of data. 

For elevator deflections from 1.4" to -2" the e l e n t o r  of the . 
swept-back tat1 m e  Ineffective in changing the @e of at tack eml 
lift  coefficlent of the  =del over the entire Mach r,umber range of 
the tes ts  (figa. 12 and 13) Whether th58 ineffeotiveneee at sllaan 
deflectfona m a  a result of the effects  of' l o w  Remolds number and 
sweepback comblned or of the effect of mepback a w e  is not known. 
This inef'f'ectiveneas apparently m e  nat due Sob- to the lar Repalds 
number at which the tail m s  o-peratfng inasmuch a8 no eimilar reeult 
was obtained wlth the elevator of the uslswept tail even at the lowest 
Rejnolds number of the teets.  (See  reference I.) In the def lectian 
range from -2' to -6O the efiectiveness of the elevator. in changing 
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the trfm condition' of the model decreased fairly etea85ly. a8 the Mach 
number wa8 'increased above 0 .TO , a d  became zero for deflections 
of -2O to -bo at a.&ch number of 0.97. This Mach number ia 
about 0.05 higher than thqt at  whlch the  elevator .of ,the .mawept 
tail became Ineffective a t  amall def'lecttanam 

Because of the chordwise variation o f  Wch nmbr 3a the tee*  
region the Mach r i m e r  of the flow at the .tail may be &water than 
the  value8 quoted-in the preceding diecwsion by the amount indi-. 
cat&. in figure 5, although the wake of the wing may .reduce the t a i l  
Mach nmiber somewhat.' The chasges in the  characterist ics of the 
model a t t r ibu tab le   to  the effecta of compressibility m the tail 
would probably occur tn free a i r  at somewhat higher Mach numbers 
than the values quoted. 

The resu l t s  of' the tests indicated, ae B h o m  fn figure 15, 
that an airphm of conf'igukation similar to that OT the model 
having a wing loadlng of' 9 m d  flying at an altitude of 30,000 feet 
could be trimmed wlth a stabilizer or, in effect, with an all-movable 
tail for level  f l i gh t  throughout the Mach numbor rangsofrom 0.60 
to 1.06 with an over-all  deflectlon range of about 1.2 . For a 
s tab i l izer   se t t ing  of 3.70, trim 'could 'be malnkined wtth the elevator 
&lone with a deflection range o f  ?>out 1.1' at Mach nu2libers from 0.69 
to 0.92, but for Mach numbers frm 0.92 t o  1.00 or 1.05 an increase 
i n  up elevator deflection of 3O would be required, With stabiUzer 
eettinga less than 3.70, trim with elevator alone may require 
operation through the ineffective range of elevator angle and, 
hence, the variatioE of elevator angle f o r  t r i m  wlth Mach number m y  
be more rapid and of larger magnitude than Shown for the s tab i l izer  I 

se t t ing  of 3.7'. The variation w i t h  Mach number of the etabfUeer 
and elevator anglee fo r  trim appears to be eta3le at Mach numbera 
from 0.60 to O.'jj, unstable at Mach numbers from 0.75 t o  0.88, and 
a l t e m t e u  stable and unstable a t  higher Mach ~ ~ ~ ~ i b e r s ,  Comparison 
of these results wPth similar results-obteined fn reference 1 f o r  
the unswept tail indicated that the change from the unswept tail t o  
the swept-back tail woulcl reeult in a considembly emaURr and more 
gradual varfation with Mach nuniber of t h e  stabilizer angle required 
for  level flight; the  variation of elevator angle mtLd. also be 
emaller proviaad t he  ineffective r a g e  of elevator angle is avofded. 

. .  
CONCLUDING €QXARKS 

The results of NACA wing-flow teat6  of a semisp8noairplane 
model having a wing of oonventional plan form asd a 45 swept-back 
horizontal tail indicated an appreciable improvement in the 



NACA RM No, l&!23. .. . 9 

longitudinal st.abilitg and control charscteristics above a Mach 
nmber of about 0.88 aB compared with  the  result8 of previous test8 
of the model equipped with - a n  uiiwept  horizontal tail, The l i f t  
coefficient and angle of attack for trim with various s ~ b i l i z e r  an& 
elevator angle6 showed about the  me general variation with Mach 
number up t o  a Mach number of 0.88 as m a  obtained with the unswept 
tail.  Although fairly abrupt  chaqps In trim occurred at higher ' 

I Mach numbers, the t r i m  chengea  were considerably smEtller curd occurred 
at Mach nunibere  which  were, on the avetage, 0.05 hQbar than for the 
umwept tail. The effectiveneas of the s.t;abilizer in changfng the 
lift coefficient asd -le of attack for t rb  decreased fairly 
steadily  with bcrease fn'Mach number above 0.65; no sudden loss 0 %  
effectiveness wae indicated a-Ach &0 m e  indic&tod for the unswept 
t a i l  when the Mach number m8 fncreased from 0 83 t o  0.90 The 
elevator m a  ineffective  for  deflections from, 3.4O t o  -2' over the 
ent i re  Mach nwber range of the teats probably because of the 
effects  of low Reynolds number and sweepback  combined or of the 
af fec t  of sweepback alone. The change in trim obtafned by deflecting 
the elevator from -2' to -6' decreased  a-teadily  with  increase in  
Mach nupiber above 0,70 a n d  became zera fo r  deflections from -@ 
t o  -bo at  a Mach nuaiber of 0 .!X' or  a Mach number about 0.05 higher 
than tha t  f o r  which the elevator of the -wept tail became inef- 
fect ive at slrrall deflections. The reeu'lts  indicated that with a 
swept-back tail an airplane of conf'iguration similar to that of 

' the model could be t r i m e d  for level f Ugkt throu& the  Mach number 
r a g e  investigated with considerably amaUer and mre gradual 
variatim of stabil izer  angle than wfth an unewept tail; the 
variation of elevator angle also would be smaller provided the range 
of ineffeotive elevator angle were avoided. 
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National Advisory Committee f o r  Aeronautics 
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Figure 1. - Semispan airplane model. 

Fig. 1 



Figure 2.- Semispan airplane model mounted above wing of P-5u) airplane. N 
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Figure 3.- Details of semispan dlrplane model. Al l  dfmensions a r e  
in inches. 
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Figure 6.- Variation w i t h  llsca number of l i f t  ooefficienz and angle of attack for trim rith~rarloue atabilizer 
nettings and elevator neutral. 
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Fignrd 7.- V s r l a t l a n  w l t h  U a h  nuinher of llft ooefS ic le  t srdl en@e of attack for t r l m  with various elerrtor 
dsfleotionm a d  stmblliser a o t  a t  5.78. An@ of mttaok mt determined for I ,  = l.bo. 
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Figure 8.- Varlstlon of lift caefficlenr w l t h  ar.gle of attilcL far Varlmr U c h  nwbers. 
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figure 9.- Variation w i t h  Mach number of slope of lift oume and angle 
of zero lif't. 
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(c) M,= 0, SST 

figure 12.- Variation of angle of attaok for t r h  with elevator 
defleakion f o r  various Maoh numbers. ft = 8.7O . 
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FlLgure 13.- Variation of lift ooeffloient for trim lrith elevator def leot ion 
for.parioue Maoh numbem. Results for unswept t a i l  from referenoe 1 
s h m  f o r  omparison. 
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