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NATIONAL A D V I S O R Y  C0"ITTEE: FOR AERONAUTICS 

TESTS OF A EORIZONTAWCAIL MODEL THROUGH 

TEE TRANSOK!X SPJZED RANGE BY THE 

NACA WING-FLOW METHOD 

By Richard E. Adam6 and Norman S. Silsby 

SUblMAFX 

A --scala semispan model of a horizontal t a i l  of a f ighter  1 
12 

airplane  was,tested  at  transonic sgeeds in   the  high-speed flow 
over an airplane wing,  the surface of which served as a reflection 
plane f o r  the model. 14eamoments of lift, elevator hfnge ncment, 
angle of attack, and elevator  anglo were made in   the Mach  number 
range from 0.75 t o  1.04 for,  elevator  deflections ranging from 
loo t o  -10' and far anglee of attack of -1..2', Om+', and 3.k0.' 
The equipment used t o  ~peasurq 'the hinge maments of the"mode1 proved 
t o  be rather  unsatisfactory, and for th i e  reason the hlnge-mament 
data  are  considered t o  be only qualitative. 

The resu l t s  of the  tests  indicated that the elevator 
effectiveness,  in  general, decreased. as.the Mach nugbere increased 
from 0.80 t o  0.95. A t  all three angles of attack  the effectivene'ss 
became zero or  reveraed over an  elevator-deflection range of ab;out 
4' a t  Mach numbers around 0.95. The center of t h i s  ineffective 
range of elevator  deflecttom 8e , .var ied  with  angle of attack a 
from positive  elevator  deflections  at  negative angles of attack 
to negative  elovator  deflections at   poei t ive angles of attack. 
The elevator, however, had regalned  appreciable  effectiveness 
wh6n sonic  velocity was reached for a l l  elevator deflections, and 
a t  a Mach rrumber of 1.04 the mean elevator  effectiveness (dC d6, 
was about 60 percent of the valse a t  a Mach  number of 0.75. The 
lfft-curve slope (dC$-, for- angles of attack from 1.20 t o  3.4' 
deoreased  about k0 percent 8s the Mach  number increased.fram 0.75 
t o  0.93. With further  increase  in Mach  number t o  1.04, the  slope 
increased t o  about tho E- value it had at a, Mach number of 0.75. 
The h i w e a o n t  data, which are  considered to be qualttative only, 
indicated that the elevator became strongly overbalanced a t  Mach 
numbers between 0,gl and 0.96 and that th i s  overbalance disappeared 
beforo sonic velocity wa8 attained. The slope of the h ingmment  
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curves became v e q  steep a t  a Mach slumber of 1.04, ' at which the 
Rlope m a  about three  times a a  large a s  the average 810pe at  a 
Mach mmiber of 0 *75. 

In an effor t  Lo anticipate any di f f icu l t ies  that might be 
experienced with B ful l -male airplane i n  high-weed dive8 a 
prelimlnam study of  coqressibi l i ty   effect6 has been made at the 
Langley Memorial Aeronautical Laboratom of the NACA. Some 
information about the problem of stability and control at high 
Mach nunbers has been determined for a eemfspan model of an 
airplane a8 presented in  reference 1. The present. test6 were made 
t o  determine the elevator effectiveness and the hinge-moment 
characteristics of a  scale half-spaimodel of a hor1.zonkl tail 
of fighter airplane at hi& Mach nurdbers by the WElCA wing-flow 
method. (See reference 2.) 

1 

Because of the urgent need fo r  t h i s  hdormation,  existing 
eqaipment designed for meagurement of' l i f t ,  drag, and pitching 
mament  of airfoils wa8 modified t o  me&euTe the oontrol characteristic8 
of the mcdel, Hwrous  di f f icu l t ies  w8re encountered in  the w e  
of this equipment, emeoially f o r  the determination of elevator w 

hinge mcrnents. Some information on the effectiveness of the control 
and Borne qualitebt$ve. &dicstiona of the change of hinge-moment 
characteristics with Mach number were obtained, however, and ebre 
can~lidered  to be cf general interest, particularly because the teats  
covered the speed mge including sonic  velocity. Measurements of 
l i f t  and elevator hinge mamsnts were =de for  elemtor deflections 
r-g from -IO@ t o  3.0' with angles of attack of -1.2', 0.4O, and 
3.4 asld covered a range of Mach nunibers fkam 0.74 t o  1.05. 

a ' a n g l e  of attack 

t t a i l  thickness 

C tat1 chord 

L 
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ce  elevator  chord, behind hinge line 

ce root---square  chord of elevator, behtlnd hiage line 

X distance along chord from leading edge' 

Y ordbate 09 section  proffle 

s area of semispan tail 

L lift 

B effectiTe dpamlc pressure of flow over model 

R effective  Mach number of flow over nodel 

'R . Remold3 number based on mean aeroasnamfc chorct of 
. .  - " , " - . "  - _ "  . .  . .  1 - " .  - 

3.36 inches 
- . .  

A , . .ratio - . . . . . -. - .  = . - ~ .. . . .. 
. , . .  

chordwise  dfstance along surface of EtSrplane wing. 
.. - . . .  
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PO free-stream s t a t i c  pressure 

. 

Profiles of eecticmei of the model &sure& at three 0pmwfse 
statiozis a r e  coupared in .figup 3 Mth .the d.ee$a profihes ., , 

Measured ordinate8 of - the tizil are giden in table I. E . m r s  of .__ 
constmotion reaulted In a slight displacement of the elevator 
hinge axis from , the chufi,. l ine  . toward the u-gp-, surface a8 shown in 
figure 3. The s i z b  of the gap beheen- the stabi l izer  and elevator, 
whloh was umealed, wae not measured direct ly .but . is  indiuated approxi- .I 

mately on the, profilee '  of figure.'3 'for the. h&-loid condition. Because 

__I__._ c 
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. o f  bending of +he elevator.with  the  applicatiion of l i f t  loads, the 
gaps asd the  elevator hinge-axis location probably varied somewhat 
&wing the teats. 

. .  

A circular end plate with 8 cut-out t o  provide f o r  mot-emt 
of the  elevator was attached  to t h e  root of the stabKizer as shown 
fn figures land 2. A emallor p k t e  ~ E I  secured t o  the root of the 
elevator t o  mfilimize the flow of air through the cut-out in the main 
end plate. 

The shaz& of the model passed through' the ammnitiOn-cOmpetrtmeRt 
door and was mounted on a balance  arranged t o  measure l i f t  force md 
elevator hinge moments . The balance arrangement an .adaptation 
of existing'equipment designed f o r  meaeuremnt o f . U f t ,  drag, and 
pitching moments 0s a i r fo i l s  and proved t o  be rather  unsatisfactory, 
for determfnation of hinge moments. Consequently, there is game 
uncertainty a8 to the accukacy of the liinge-nroment data. obtained. 
Provisions were made ' t o  measure the. angle of the  elevator as it was 
o s c i m t e d  t"nrough a *ivxnge- 09' angles fmm - 1 0 ~  t o  10' a t  a rate 
of 18' per second,  wkich f o r  the  full-scale airplane would. correspond 

.o , 

t o  l$ per second.. The stabilizer was fixed at  a given angle for 
. 2  

each-flight. The accnacy .of the elevator angles is  of the order 
of 20.10, %hereas t he  accuracy o f .  the s~biueer. ang le  5s' approx-teu 
t o  .2O . .  . .  .: 

. .  . .  
The direction of local air  f l o w  was detemnined by use of a 

free-float;ing vane of wedge-shape CTOBS section mounted 22.5 inches 
outboard of the ,model station. (See fig.  2.) Oscillation of the 
elevator had no measurable effect 'on the directfon of air  flow a t  
the vane; heme, there wa8 proBably,no a g p r e c i a b l e ' . ~ ~ r a c t i a n .  'The 
direction of the l o o e l  atr flow a t  the mod-el atation re la t ive   to  
the flow-direction a t  the  reference w e  nas determined in  a , t e s t  . 
'with a sfmilar vane arrangement mounted a t .  the mode& sttition, as . 
shown in figure 4. , , .  

The relatian of Hach number of the local air f h i  close t o  
the wing aurfabe t o  'the f l i gh t  Mach number .and t o  the airplane lift 
coefficient was esta'brlshed from presiare measurements with s ta t ic-  
pressune orifices  flush  with the wing surface 3n tests before the 
model was mounted on the ammunition-compartment doorr The contour 
of the door has been mdifiod since the tests of reference 2 t o  
cause formation of shock' at a more rearward chordwise position md 

chordwise distributions of Mach nurnbr over the t e s t  region are shown 
in figure 5 for several f Pight."ach nmBers No and airglane lift 
coefficients ' ' C b .  Beduse of 'tlie chordwisa -riation in d p m i c  " ' 

. thereby to prevent the passage of shock over the model. Typical 

. .  . .  . .  
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elevator  deflections at eaoh of the mglea of attack of -1m2O, Oak*, 
and 3 .bo are shown in figure 7. The curves of ftgure 7 were obtained 
by cross-plottfng time histories of Czt 6,, a, and E 3 m  The 
mr la t ion  of l i f t  coefficient wlth elevator  deflection l e  presented 
in figure .8 for the three angles of attack and for various bkch nm.er13. 
!l!he.mean rate of change of the l i f t  coefficient wi.t;h elevator &.3flecgiOn 

; (aCL/a8e)m f o r  ehvator  deflections from OO to -4O 'ana from o t o  4 
are plotted in figure 9 againat  effective bkch nuniber f o r  the three 

: angles of attaok,' The mean ra t e  of change of lif't coef'ficiegt wlth 
angle .of' attack ( c / & ) ~  over the range from -1.20 to 3.4 is pIot;t6tI 

against Mach nmber i n  figure 10 f o r  elevator neutral, Because ,of 
the prevloualy.mentioned di f f icu l t ies  in obtebtning e lemtor  hinge& 
momen% data w i t h  the equipent used for them t e e t ~ ,  hinge-moment. 
coefficients were determined only f o r  the angle of ajctack of 0.4O over 
the elevator deflection range from -loo t o  3 . These. results,  which 

, R S  Blot8 of"hinge-raomeir;t coei'flcient again& elevator deflec.f;$on for 
various Mach number6. These CUTVBB d.80 were  obtained by or088-' ' 

. .  are considered to.be qualitative only, am preeented 3n figure 81 

' plottfnk tiine, histories of the 0bse-o.d Uta. , 
. .  

. ,  

Langley. a f o o t '  high-speed tunnel ;f, a model of the hokizontal t a i l  
of a %ypical highpeed  bcmiber" (reference: 3) are  plottell aga3ns.t 
Mach number i n  P igure 1 2 .  for caparison with resul ts  from the 
presont tes ts  of the t a i l  model. Phe lift-curve' Slopes (dCLkab 
w,ere taken for the el.evatcm"ukt?gl  condition and over the range of 
angle 'of attack of 10 t o  -lo f o r  %,he tunnel. t e s t s  'and f o r  t.he range 
of,  angle of attack of -1.2O t o  3.4' f o r  the wing-fl& t e s b .  The 
elopes (dCL/d6e)m 'were taken' for if, =. 0' a d .  over the. elevator-, . . . .  ' 

deflection range of lo' t o  -lo f o r -  the tunnel t e s t s  and for the 
angle of attack of Q.kO over fhe elemtor-deflection ran@ of. 4' 
t o  -4O far tjle wing-flow tes ts .  . . .  . .  . . .  . .  

. . .  . .  . .  . . . . . .  
.- ' ,, DI@JsSION OF l?Esm.is - .  . 

" 

, The resu l t s  present.e,d, In figwe 7 in&ic@te that serious- losses 
i n  lift o$.the godel for giuen,an@ee,of  attack and olevator, deflection 
did not occur until. a Mach nuniber of at least 0.80 was attained. A t  
higher Mac4 nunher@ the n p e t .  W k e d  ~hapge in the   . l ip%  charac~eris t ios  
o f  the modal was in the effectiveness of the elevator which,. for part 
of the. deflection, range, (depending on the ,angle of attack), became 
zero,and reversed a% Mach numbers of O..gO.,to 1.00. (See f ig .  7.)-. 
The canplote loss or reversal of the  control  effectiveness generally - 



occurred over a raw8 of elevator angles of about 3 O  or 4' as  ehown 
Ln figure 8; the  center af this range varied from about 1' a t  an 
angle of attack of -1.2' t o  about -3' at an angle of attack of 3.4'. 
Iche asymmetry af the CUT-V~B of' figure 8 is probably due par t ly   to   the  
dLsslymmetry of the moa01 elevator and is probably indlmtive of the 
uneymmetrical variectims of elevator  effectiveness  thet may be 
encountered i n  flight due t o  abrodyzaamic dietortion of the  control 
suxi?acee and possible manufacturfng errors. The large inf'luence of the 
angle of attack of the Bffectiveness of the  olevator a t  Mach numbers 
approaching 1.0 l a  further illustrates in  ffgure 9.. F a  -€&e elevator 
deflection  range from Oo t o  ko the value of (dCQt8,A a t  Mach 

numbere near 0.92 was almoat zero f o r  the 0.4O angle-of-attack con- 
dtt ian and. was negative f oP an angle of attack of -1.20 whmepts, f o r  
an angle of attack of 3.k0,  the loee i n  elevatar  effectiveneas w88 
relatively moderate over the Mach number range. With .the olevator 
deflected from 0' t o  -bo, hovmer, the velue of \ ~ l C ~ / d 6 ~ ) ~  for an 
angle of attack of 3.4 decreased rapidljt at Mach numbers beyand 0.80 
and became negative at Mach numbere near 0.35. The elevatar effective- 
ness fo r  an angle of attack of 0.4O was ale0 reversed a t  Mach numbere 
around 0.95 for this  elevitor-&eflection range, but with  an  angle of 
attack of -1.2". some eflectiveness was maintained t h r o w  ai8 c r i t i c a l  
Mach nmber range. At sonic v e l o c i b  positive elevator  effectfvenese 
had been rega.ined for a l l  conations and. a t  a Mach number of 1.04 the 
variation of l i f t  coefficient with elevator  deflection was almost 
linear throughout the deflection range . (See fig. 8( 8) For this 
Mach number t h e  valnes of dQ,/dEe' for the deflection range f r om -4O 
t o  bo avwaged about 60 percent of the values obtained a t  a Mach nwnber 
of 0.75. Teste of a half' span model of an airplane a t  transonic egeeds, 
repor%ed i n  reference 1, also b d i c a t e d  R t o t a l  b e e  in elevator 
effectiveness a t  nrn1m~3 near 0.93 anti a recovery of poeitive 
elevator effectiveneae a t  a Mach number of unity. 

. ?  

. 

The average l if t-curve elope of the model dC dct cver the angle- 
of-attack range f'rq -1.2' to 3.4O,- elevatar neutra .1 (fig. lo),' 
decreased from 0.066 a t  8 Mach number of 0.75 t o  a minumum of 0.039 
a t  a iach number of 0.93 . A t  Mack nwnbere of 1.0 and 1.04 the l i f t -  
cwve slope had approximately the same value a s  a t  a Mach number of 0.73. 

The- slope of the c m e a  of e levatq hingelnament coefficient 
againat elevator deflection ahot:n in .figure 11 tended t o  becme f l a t t e r  
over t he   de f l ec t f a  range f rm 00 t o  -60 aa the Mach number was lnoreased 
frcan 0.75 t o  0 .gl. The .elevator became strongly overbalanced at a 
Mach number of 0.96; which waa about the same value a t  whfch the 
greatest ids8 i n  effectivenem of the elevator  occurred. At thier Mach 
number the  elevator had a  siable  floatfng position at -80 -z&ich was 
m a o m e a l y  determiried t o  some_sxtent by the dissymmetry of the model 
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caused by consfruct3on errors. (See f i g ,  3.) The .slopeB of ‘the 
hingedmment cume were very steep at the f loat ing  poei t im a3ld at the 
unata.%le zezo hinge-moment position, which suggests that it would be 
very d i f f  icu3.t t o  hold the eiemtor of the full-scale  airplane at 
other than the  flo&ting’positione by mual corltro?, As ebe Mach 
ntqnber.,was increased from 0.96. to l c ~ ,  .the. overbahd-ur diMBparea 
and at  a Mach qmber of‘ 1.04 t5e variation of hinge-moment coefficient 
with deflection was a’lmost l inear  throughout the  deflectfon range 
with a slope a t  M e t  three  times 8s great as the’average slope at a 
Mach nuniber of 0.75. Although d i f f icu l t ies  encountered i n  the 
measurwnt ,of the.  hinge m m n t s  ind.icate that the  qutnti tative Val& 
are subject  to eome’ error,  the data are believed t o  be sufficiently 
corre.ct to determine ‘the general shapes and t.rercdEt, of the curves. .. 

. .  

Resultg of h s t i a  in t h e  Leulglsy %foot high-aped tunnel o f  a 
model of. the t a i l  of a high-speed ’bombkr (rofepezlce 3) ahowed a ,  : 

rapid decrease in elevator effeotivenese, ae repreaented by (dCL/db)m, 
at Mach numl~ers above 0.85 8imilar t o  that obtahed In the present 
t e s t s  of the tail model. (See f ig .  E.) The tunnel t ea t s  also 
‘indicated, a8 did t ne  present tests, tha t  the 108s in effecttveness 
of the stabf.Ueer, represenked by (ac,”a)m, at  .mpercfltLcal .speeds, 
altkough substantial, m e  much less 8evere than.”the loes - i n  elevator 
effectiveness. The differences in  t%e absolutx values of the effective- 
ne88 of the otabilizer and elevator from the tunnel tests and from 
the present  tests is probably largely due t o  the  differences in the 
thickness-chord r a t i o  of the t w o  modelS,&nd to the fact that the 
tests  of the bomber”tai3, model were made with a sealed elemtor, 
whereas the elevator Qf the tail model of 8 fighter  airplane was 
Wsealed. Other possi’ble  source^ of differences are the differant 
chardvise wlcc i ty :  gradLents . i p  the f 1 Q w  fi6xds &bout the models, the 
different Regnnlds. .numberp, and the dff f  erences in--the boundam 
cocditions of the flow for the - , t e s t  methods. 

. *  

. -  

,. * : . 

’ .  . C r n C ~ 3 n N S .  . . . .  . .  
. .  .- , 

. .  
,, 

Tho results of the tes ts  on a 32-ecale,., I semfepan model of a 
. .  hor izon-k l  tail of a f ighter  aSrpla3lq i d i e t o d  ‘*hat z” .. , .. , 

1. The elevator  effectiveness i n  general  decreased a8 the Mach 
m b e r  increased frcpn 0.80 t o  0.95. A t  a l l  three angles of attack 
(-1.2O, 0.4O, and 3.4’) the  effectiveness became zero or reversed over 
an  elevator-def  lection range of about 4’ a t  Mach nmbers around 0.95. 
The center 02 t h i s  ineffective range of elevator deflections varied with 
angle of attack fran positive elevator deflections a% negative ahglee 
of attack t o  negatfve elevator  deflections a t  p08itiVe angles of attack. 
The elevator, hmever; had rqgained 8ppreciable effectiveness by the  . .  
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time  eonic  velocity was reached fo=. a l l  elevator deflectione, and a t  
a Mach number of 1,Ok the mean elevator  effectiveness eCLJd8e)m 

was aboEt 60 percent of the  value a t  a Maoh number of 0.75. 

2, The l if t-curve elope dC,/da for anglee of s-L?ack fram 
-1.2' t o  3.4' decreased  about 40 percent  as  the Mach nuiiber increased 
fram 0.75 t o  0.93. With further  increase in Mach m b e r  t o  1.04 the 
slope increased t o  about the same valuo it had a t  a Mach  number of 
0.73. 

3 . The hinge+mmnt  data, which are considered t o  be qualitative 
only, indicated that the-  elevator became strongly overbalanced a t  
Mach nwubers betwoen 0.gl. and 0.96 and that t h i s  overbalanoe disap- 
peared boforo sonic velocity was attained. The slope of the hinge- 
maent curve became very  steep at. a Mach  number. of' 1.04 a t  which the 
slope wae abaut three timas as large a8 the average ~llope at a Mach 
number of 0.75.. 
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12 F i g u r e  1.- S k e t c h  o f  -- s c a l e ,   s e m l s p a n  model o f  t h e  h o r i z o n t a l  

t a i l  o f  a f i g h t e r  a i r p l a n e .  (All d i m e n s i o n s  a r e  in i n c h e s . )  



. NACA RM No. L7C25a Fig. 2 

. 

c 

1 

F i g u r e  2 . -  Semispan  -- sca l e  m o d e l   o f   h o r i z o n t a l  t a i l  o f  

a f i g h t e r  a i r p l a n e   m o u n t e d   o v e r   a m m u n i t i o n - . c o m p a r t m e n t  
d o o r   o f   a i r p l a n e   w i n g .   R e f e r e n c e  vane m o u n t e d   o u t b o a r d  
o f   m o d e l .  

A 

12 
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Figure 3.- Comparison of measured  ordinates  with  design 
ordinates.  The  chordwise,location of the  elevator  hinge 
axis is shown by the  vertical  broken  lines.  Angle of 
a t t a c k  and e l e v a t o r   d e f l e c t i o n   t a k e n  as positive f o r  
clockwise  rotation of the  surfaces.(Ordinate  scale 2.5 
times  abscissa scale.) 
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.... ......... ; Y  .i. . . .  I.  

Figure 4 . -  A r r a n g e m e n t   o f   f r e e - f l o a t l n g   v a n e s   f o r   a e t e r m i n a t i o n  o f  

"y 
f l o w  d i r e c t i o n  a t  model s t a t i o n .  
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Fig. 5 

F i g u r e  5.- T y p i c a l   c h o r d w i s e   d i s t r i b u t i o n s   o f  Mach number   over  
a i r p l a n e   w i n g   i n  t e s t  r e g i o n   w i t h   m o d e l   o f f   f o r   s e v e r a l   f l i g h t  
Mach numbers  M o  a n d   a i r p l a n e   l i f t   c o e f f i c i e n t s  CL,. S k e t c h  
b e l o w   c u r v e   s h o w s   c h o r d w i s e   p o s i t i o n   o f   m o d e l   o n   w i n g   s u r f a c e .  



Fig. 6 NACA RM No. L7C25a 
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Figure 6 . -  Variation of Reynolds number with Mach number. 
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llgure 8.- Concluded. 
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Fig. 9 NACA RM No. L7C25a - c 
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Figure 9.- Elevator   effeat ivenees Over t h e   d e f l e o t i m  range 
Oo to 4.O and ' 0' t o  -4.O f o r  t h r e e  angles of attaok. 
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’ MACA RM No. L7C25a Fig. 10 
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NACA RM No. L7C25a 
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a Figure 12.- Variation  with ldaoh number of elevator and stabilizer  effeotiva- 
neea from wing-flow t e s t e  of a horicontal-tail model of a fighter  airplane 
and wind-tunnel t e s t s  of a ty-piod high-speed-bomber horizontal   tai l .  
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