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By Esrold S. Johnson and Robert F. Thompson 

A n  investigation was made in the Lasgleg high-speed 7- by 10-foot 
tunnel of the aerodynamic and hinge-maanent characteristic8 of an 
untapered,  aspect r a t i o  3, semispan horizontal-tail  m a e l  havFng 45O 
of Isweepback through a MEach nmber Wnge of from 0.50 to about 0.89. 
The m o d e l  was equipped with an unbalanced and & horn-balanced  25-percent- 
chord elevator. A comparison is =de with t he  resu l t s  of a previous 
Fnvestigation of the 8 & m ~  model equipped Kith a larger horn balance. 

The investigation showed that the  Incremental rate of change of 
hinge-moment coefficient with angle of attack and with elevator 
deflection C& and CQ due t o  the  horn balance became more positive 
with  increasing  horn s i z e  Etnd was relatfvely unaffected by Mach Iumtber 
variations  for  the speed range covered fn the  investigation. For a 
given change in horn s ize ,  Ch, changed approrFnrately 3.5 times as mch 
a s  Cb. 

The horn-bala.nced e leva tor  tested appeazed to offer  aatiafactory 
hinge-moment characterist ics  for the Mach Ilumber range fnvestigaixd. 

The necessity of providhg a means o f  reducing the high-speed 
control forces of the faster, more heavily loaded airplanes  currently 
i n  me or  being designed while r e t a w  sufficient  control for landhg 
and take-off has presented a problem t o  airplane designers. Even though 
a control system incorporate8 a power boost, it is desirable to  balance 

that the m e  of a horn balance is one  method of.  reducing the aerodynamic 
hinge moments at  low speeda (reference8 1 to 4) .  In addition, the horn 

b aerodynamically a Large part of the control  force. It h a  been  found 

a 
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ty-pe of balance  pr0vides.a  cornenlent  attachment  far COunterbaLanC0e 
to statically  betLance -the control. . I n  &aer to provide  additional 
informtion on the characteristics of balanced  control  surfaces  suitable 
up to high subsonic ~peeda, a eeriea of investigations are  beFng 
conducted in the Langley 7- by 10-foot  tunnels. 

The data presented and di6cuesed herein are  the results of an 
investigation of t he  aerodylaamic and hinge-moment  characteriatics of an 
untapered,  aspect  ratio 3,  aemispan horizontal-tail model having 45O 
of aweepback and a n  mfLCA 0012 a i r f o i l  yectian  perpedicular to t h e  lead- 
edge. The -del W&E equipped  with an unbalanced asd a horn-balanced 
25-percent-chord  elevator and was tested through a speed range to a Mach 
number of about 0.89. The present  inveetigation is an extension of the 
investigation  reported in reference 5 .  The mOael wed In the present 
inveetigation and that  reported in reference 5 were essentially the e m ,  
differing only in horn-balance size .  Ref  drence 5 presents data for three 
sizes of horn  balance and the  effect6 of fairing the  horn inboard edge 
(edge nom1 to the hinge &xis) at low a p e d  (M = 0.30) in additioz to 
data  through a Mach number range for the model equfpped with a larger 
horn baLance than the horn tested in t h e  present  fnvestigation. 

The samiepan horizontal-tail  model  used f o r  the investigation h&d 
an mACA 0012 ahfoil section  perpendicular to the  leading edge (14.650 
trailing-edge angle), an aapect r a t i o  of 3.00 (lased on the full-apan 
dimeneiona), a taper  ratio of 1, 45O of sweepback, and X&B equipped 
with a 0.2gCr unsealed elevator with a radius  elevator nose. The model 
was constructed of hardened steel to khe plan f o r m  Indicated in figure 1. 
The elevator wae tested  with and without 8 horn balance. (See fig. 2.) 
The horn balance,  referred to in the  text and in the f igureer as the 
amall horn, w a ~  triangular in ahape and the horn hboaxd edge wae 
p~rp0ndfcdB.r t o  the elevator  hinge a x i s .  .The, i n t e r n a l l a t e  horn as 
sham in figure 2 m a  teated in a previous  investigation  (reference 3 ) .  
The edges of the horns were  faired  (fig. 2) .  The dimemiom1 
characteristics af the two horn balances a r e  presented in table  I. 
A -inch g8p WBB maintaimd between the horn inboard edge and t h e  

stabilizer . 
z 

Structural  calculation8  Indicated that more  than  two hlngee would 
be n e c e ~ w .  Reference 6 h t W z a t e s  that  for  control  surfercee having 
three hinges, the hinge-mnent incrementa  resulting from distortion 
can be 89 appreciable f rac t ion  & , t h e  t o t a l  hinge mament. In order 
to avoid the inclueian of such  hinge-moment inc ents, the elevator 
was constructed in two spanwise segments. The F i n c h  gap between  the 

r 
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two haldes was unsealed. The elevator hinge-mments w-ere measured by 
calibrated lieam-type e lec t r ica l  strain gages munted within the  stabil izer.  
The t o t a l  hlnge moment of the semispas elevator. was the summation of the 
hinge moments of the two spanwise eegmen.t;s. The elevator  deflections 
were v a r i e d  by changing the strain-gage yokes attached to  the  elevator. 

The semispan model was mounted v e r t f c a l l y  in the Langley high-aped 
7- by 10-foot tunnel as ahown in figure 3 with the root chord adJacent 
t o  the tunnel ceiling which thereby  acted as a reflection plane. The 
model =E eupported entirely by the  balance frame BO that a l l  forces 
and moments acting on the model could be measUred. A smll clearance 
w&s maintained between the madel asd the tunnel cef 1 fng. A metal end plate 
was attached to the model a t  the root chord to deflect the air flawing 
into the test aection through the clearance hole in order t o  midmize  
the effect  of t h i s  air  flow on the flow over the model. ~ O V i S i O ~  were 
made for  changing the angle of attack of the m&el while the  tunnel was 
i n  operation. 

CL lift coefficient (L/~s) 

CD drag  coefficient ( D / ~ s )  

. pitching momzent ( M ~ / Q S C )  

ch elevator hhge  -moment coefficient ( H/qblEe2) , 

L twice lift of semispan model, pounde 

D twice drag of semispas model, pounds 

MI twfce pitching m e n t  of semispas model measured about the 
aerodynamic center at  M = 0.30 (1.63 f t b e h i d  root-chord 
l-ea- edge) , f6ot-pound.s 

E twice  hinge Ilmment of semispan model elevator measured about 

s twice area of semispan m o d e l ,  9 -21 sqme feet 

S0 area of s e m i s p a n  e e l  elevator behind hhge line, 

the  elevator  hinge line, f 00%-pods  

1.15 square fee t -  

SH area of model horn, square f e e t  (see table I) 

b twice  spsn of semispan model, 5.26 f e e t  



b l  twice s p  of semispas elevator meaeured along hinge line, f ee t  c 

E mean aeroaynamic  chord, 1.77 feet  

% root-mean-square chord of model elevator  behind hlnge .line 
(measured perpendicular t o  kinge line), 0.31 foot  

ce average chord of model elevator behind hinge Une (measured 
perpendicular t o  hinge line), o .31 foot 

CH average  chord of model horn (measured perpendicular t o  hinge 
l ~ n e ) ,  feet ( m e  table I) 

B balance coefficient 

a angle of attack of model chord plane, degreee 

' e  elevator  deflection relative t o  stabilizer, measured norm1 
to the elevator hinge line (poeitive when hiling edge 
i s  down), degrees 

M Mch number (V/a)  

v free-stream  velocity, feet per eecond 

a Elpeed of sound, feet per second 

4 free-stream m c  pressure, pounds per square foot 

P mass deneity of air, slugs per cubic f o o t  
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\ of elevator w i t h  horn balance m i ~ u a  C& of elevator 
without  horn balance 

Chs of elevator w i t h  horn W e  minus 12% of elevator 
wfthout  horn balance 

Jet-boundary  corrections were computed by the method of reference 7, 
using value8 of boundary-induced upwaah  computed f o r  awept winge fram 
reference 8. The correctiow were applied to the anglee of attack and ' 

t o  the drag-coeff icfent data Fn accordance w i t h  the following  equatione: 

where the subacript M lnaicates measured valuea. The Jet-boundaq 
corrections t o  the Wt, pitching-mament, and hinge-moment data were 
considered negligible and therefore were not applied. 

A l l  coefficients and.. Mach numbers were corrected  for.  blocking by 
the model and i ts  wake. The blocbge corrections were computed by the 
mth& presented in reference 9. 

Eaaed on calculations. and tests of other modela of slmilaz 
construction, the deflection of the model under load €8 believed to  
have been small and, therefore,  to have a negligible  effect  on the 
aerodynamic chara.cteristics of the model. A calibration test indicated 
that corractions  to the elevator angle due to  deflection under load 
at  a = Oo were negligible f o r  the range of elevator angles Fnveetigated. 
IT0 attempt was made t o   co r rec t   fo r  the air  flow through the gap at  the 
root of the model or between the k o  elevator segments. . 
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For the model equipped with the small. faked horn and wlth the 
plain  elevator,   test  data were obtained a t  four  values of elevator. 
deflection (Oo, - l .TO, -3.70,' and -7.80) and a t  s l r  valuea of Mach 
nmber cover- a range from 0.50 t o  about 0.B. The t e s t e  were mde 
through a k160 angle-&-attack range f o r  th8 horn-lxllance elevator 
and a *,80 range for  the  plain  elevator except f o r  conditions where 
tunnel power l imitations  restricted t h e  angle-&-attack raage. 

The variation of t e e t  Reynolds number with Mach number for average 
test comiitione i a  presented  ae figure 4. The Reynolds nrrmbere are 
baaed on the mean aerodymmic chord (1.77 f t ) .  

The variations of the aerodpmic  coefficient8 CL,  CD, h, and ch 
w i t h  angle of a t tack through the speed range up t o  a Mach number 
of about 0.B are presented as figures 5 t o  10 for   the model equipped 
with the elevator having  the  mall horn balance and a8 figures l.l t o  16 
for   the model equippad w i t h  the  plain  elevator. The hlnge-moment 
coefficients  preeented are for the complete elevator. The variations 
of the hinge-moment parameters C b  ssd chg with Mach lurmber for the 

plaFn elevator,  the  elevator  with  the amall horn balance, and the 
elevator w i t h  the  Intermediate horn balance (from reference 5 )  are 
shown in figure 17. Incremental  values of the hinge-moment p a m e t e r s  
due t o  the ham balances are-presented in figure 18. The effects  of 
Mach number on the lift parametera C&, CL~, and q are presented 

i n  figure 19. . 

Hinge-Moment Characteristics 

The control hinge-moment parameter C b ,  for the  elevator equipped 
with  either the amall o r  the intermediate  horn or with no horn blance, 
became l e m  negative or more positive yith increasing Mach rullziber 
and this  increase became more rapid fo r  Mach numbers greater than 
about 0.82 (fig. 17). The elevator equipped wfth  the  Intermediate horn 

. balance (B = 0.36) had a mall positive value of (3% (or &gal.net the 
re la t ive  wind floating tendency) a t  the lowest speed investigated 
(M = 0.5) and cha became mre posftive a8 the Mach number waa increased 
(from reference 5 ) .  Reducing the balance coefficient by changing from - 



the  Intermediate t o  the ~ l n a l l  horn (B = 0.28) displaced the curve in a 
negative  direction so tlvrt C b  wag poeitfve o d y  above a Mch number 
of about 0.72. The parameter C h  f o r  the model equipped w i t h  the 

plaln elevator.was negative throughout the meed range and approached zero 
a t  the highest test Mach number (M = 0.89). The effects of Mach  number on  
the increments af C& due t o  the horn balances are sham in figure 18. 
In agreement ufth the data of reference 2, nC& increased w i t h  increasing 
horn size. The increment  increaeed s l ight ly  w i t h  Mach number f o r  both 
horn blanceei tested. 

For the three model configurations,  the  hhge-mmnt parameter C b  
increased  fairly linearly with increas.ing Mach number t o  a Mach  number 
of about O.&; above this speed Fncreased more rapidly w i t h  
increases in Mach number ( f ig .  1 7 ) .  The intermediate horn-balanced 
elevator (from reference 5 )  was overbalanced  (positive C&) fo r  Mach 
numbers greater than about 0.63. Reducing the horn s i z e  to that of the 
small horn balance eliminated the overbalancing tendency, although G u  
was only s l i g h t u  negative at  the highest Mach ntmiber attained in the 
investigation. As expected, the increment of chs due t o  the horn 
balance insreaaed as the horn size wa8 increased (fig. 18). Figure 18 
also shows that the bala;ncing effectiveness of the ho- increased 
slightly as the Mach number was increased and the increase -8 m r e  
pronounced f o r  the larger horn. AS noted in   reference 5, a study of 
the hinge-moment chazacteristics of the inboard and outboard portions of 
the  elevator (data not presented) shared that the values of ch6 Tor 
the   inbard  segment of the elevator  did not vazy w i t h  Mach number. The 
additio-1 data of thfe Fnvestigatian show that most of the  positive 
increase in the values of C% w i t h  Mach number, as diecu~ssd  in 
reference 5 ,  can now be a t t r ibu ted  to a reduction in hige moment of the 
outboard segment of the unbalanced elevator and that the Fncrease in 
balancing power of the horn w i t h  bhch  number accounts f o r  only a amall 
part of the  variation of w i t h  M. 

A study of figures 5 to 16 and the data of reference 5-reveals that 
both C b  asd Chs gemrally became  more negative as the  angle of 

attack is v a r i e d  frm a = 00. 

For a gfven change in  horn size, the data. of figures 17 and 18 show 
that chs chamges about 3.5 times as much as C&. Thia change i e  much 
larger than that f o r  the horn balance on w e p t  surfaces whera the r a t io  
was more nearu 1 (references 2 ~ t n d  4) .  . 
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The emall horn-bd-anced elevator  appeared to offer  satisfactory 
control  characteristic8  throughout the speed  range  investigated  provided 
that  the small positive v a l u e s  of . C b  at the  higher  hkch  numbers c&n 

be  tolerated.  References 10 and ll show that-the trailing-edge angle 
has a marked effect an the hinge-moment  characteristics  at  high speeds 
and recommend that the  -trailing-edge  angle  be kept fo a rohlmm, preferably 
belm 14' (measured  perpendicular to the  elevator hinge line). Decreaeing 
the  trailing-edge -le generally eliminates the  positive  Increase Fn 
both ch, and chg with increases in M and, for some  configurations 
with small trailing-edge angles, a negative  increase in the hlnge-moment 
parameters with Mach  number  is  shown  (reference 12, 80 trailing-edge angle). 
m e  low-epeed values of both c k  and .chg a S e - ~ s o  incr6aeed negative- 
when the  traillng-edge angle is  decreased. The trail--edge angle of the 
model used tn the present  investigation was 14.65O. rt is  therefore 
belimed that t h e  hinge-mcrment characteristics of this model  would be 
improved by reducing the trailing-edge angle,  a,nd that the horh balance 
is a aatisfactory  device  for  obtaining desirable control  characteristics 
for 8WeptbEtCk  control  surfaces  for the weed range inveertigated. 

The data of  references 4 and 5 show that  fairing  the inboard or 
leading edge of  the  horn  balance has a.pronounced  unbalancing  effect 
(negative increase in chg)  xith little or no effect on C h a ~ ,  and khus 
the designer is provided  with a powerful toolfm aajuetFng  the balancfng 
characteristics  of a horn-balanced  control  surface  once a satidactory 
rate  of  change  of  hinge-moment  coefficient  with  angle of attack is obtained. 

Other Aero-c Characteristics 

The rate of change of lift coefficient with angle of attack Or, 
increaeed  with  bhch  number, &nd, for the Mach number range tested, the 
rate of Increase  of  with M was more rapid at  the higher Mach 

nmbers (f ig. 19) . As expected, ma, wa6 unaffected by the  horn or by 
changes in horn s i z e .  The addition of t h e  horn balances  elightly  increased 
the values of CL~.  The parameter C L ~  also increased  as  the horn e k e  

was increased. 

For the  three  elevator  c&iguratiow tested, as did not vary with 
' Mach  number  for  the  speed  range  inveetigated. Became of the aforementioned 
changes  in C-& and QS with M and horn-balance area, respectively, 
the  elevator  effectiveness  decreased  with  increasing  Mach  number and 
increased  with  increasing  horn  area. The amall numerical  increases in 
in CLg and are  attributed  to the Fpcreased  area of the  elevator 
contributed by t h e  horn balance. ' 



A more  cnmplete  discussion of the lift  characteristics and a dia- 
cussion of t he  drag characteristics  of t h e  modelaze presented in 
reference 5.  

The results  of  the  investigation of a 45O Bweptback  horizoniaJ tail 
wlth  plain and horn-balanced control  surfaces inafcated the following 
conclusions : 

1. The incremental rate of change  of  hinge-mament  coefficient  with 
angle of attack and wits elevator deflection C& and C& due to the 

horn  balance became more poeitive  with  IncreasFng  horn  size and was 
relatively  unaffected by Mach  number  vaziations for the  range-covered in 
the investigation.  The hinge-merit parameters for the p l a i n  elevator 
became leas negative  with imreaslng W c h  nmber. 

2. For a given change in horn size, C& changed  approxfIllately 3.5 
times as much as C h .  

3. The horn-blanced elevator teated appeared to offer  satfafactory 
hinge-moment  characteristics  for  the speed range covered. in the fnvesti- 
gation  provided  that t h e  a u g h t  positive  values of the rate  of  change 
of hinge-moment  coefficfent  with angle of  attack  at  the  hlgher apeeds 
is  acceptable. A decrease Fn the elevator  trailing-edge angle ahould 
result an improvement Fn the  variation af t he  hinge-moment  character- 
istics - wTth Mach number. 

4. The rate of change af lift coefficient wfth angle of attack & 
increased  with  Mach number and was unaffected bg either t he  presence of 
t h e  horn or  changes in horn size. The rate of change of lift  coefficient 
w i t h  elevator  deflection Rs did not vary with  Mach nmber but increased 
with  Fncreaaes In horn  size. The elevator  effectiveness parameter q 
decreased  with  increasing  Mach  number and Fncrassed  with  fncreaslng horn 
size. 

Lasgley Aeronauticai Iaboratoq- 
National  Advisory  Comaittee f o r  Aeronetutfcs 

Langley A i r  Force Bee, Va. 
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Figure 1. - -awing of the 45O sweptback semispan horizontal-tail model m 

equipped with the small horn. (All dlmensione are i n  inchee. ) 
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Inbocrrd edge 
faired /- T+ o f  r=evo/ufion 

Secfion A-A 

Figure 2.- DFmepaions20f the horn balancee and plain elevator used 
for tests of the 45" smptback horizontal i ta i l  model. (All dimemions 
are i n  inches.) " 





. . .  

Figme 3. - The 45' sweptback h o r i z o n e a l - t a u  model mounted in the Langley 
high-speed 7- by 10-foot tunnel. 

.. . . 
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Figure 4;- Var f s t ion  of average Reynolds number with Mach m e r .  
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Figure 5. - Aerodynamic characteristics of the 4.5' sweptback horizontal- 
t a i l  model equipped with the small faired horn. M =. 0.50. 
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Figure 5. - Concluded. 
I 
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gure 6.- Aerodyndc characteristics of the 45' sweptback horizontal- 
tail model equipped with the small faired horn. M = 0.70. 
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Figure 6. -  Concluded. . - 
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Figure 7.- Aeroifynzmic characterietics of the 45O eweptback  horizontal- 
tail model equipped wLth the small faired horn. M = 0.81. 
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Fi&e 7. - Concluded. 
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. w e  8 . -  Aerodynamic characteristics of the 47O sweptback horizontal- 
t a i l  model equipped with the Rmnll faired horn. M = 0.86. 
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Fig& 8.-  Concluded. 
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rB 
-20 -10 0 10 20 -20 -10 

Angh o f  of fack, oc, dey 

Figure 9.- Aerodynamic characteristics of  the 45' sweptback horizontal- 
t a i l  model equipped with the small faired horn.. M = 0.88. 
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-20 -lo 0 10 20  -20 -lo 0 1’0 20 
An& o f  af fuck, ac, dag 

Figure 9. - Concluded. 
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Figure 10. - Aerodynamic  characteristics of the 45' sweptback horizontal- 
tail model equipped wfth the mall faired horn. M = O..gO. 
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-20 -10 0 /o 20 -a -10 
Any/. o f  a f  tack, as, day 

Figure 10. - Concluded. 
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-/o 0 lo -lo 0 !O 
Angle o f  aftock, QC, deq 

Figure 11.- Aerodynamic characterietics of the 45' sweptback horizontal- 
t a i l  model equipped with the plain elevator. M = 0.50. " . 
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Figure U.- Concluded. 
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Figure 12.- Aerodyaamfc  characteristic^ of the 45O sweptback horizontal- 
tail model eqyipped with the plain elevator. M = 0 .TO. 
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Figure 12.- Concluded. 

. 
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Figure 13. -  Aerodynamic characteristics of the 45O eweptback horizontal- 
tail model equipped with the plain elevator. M = 0.80. 
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Figure 13. - Concluded. 
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Figure 14.- Aerodynamic characteristics of the 45O eweptback horizontal- 
tail model equipped with the plain elevator. M' = 0.84. 
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Figure 14. - Concluded. 
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Figure 15. - Aerodynamic character is t ics  of the 45O eweptback horizontal- 
tail model equipped with  the  plafn elevator. M = 0.86. 

- 
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Figure 15. - Concluded. 
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Figure 16.- Aerodynamic characteristics of the 45' eweptback horizontal- 
t a i l  model equipped with the plain elevator. M = 0.89. 
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Figure 16.- Concludeti. 
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Figure 17. - Effect of Mach number on the  hinge-moment parametera. 
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Figure  18.- Increments of hinge-moment parameters due to addition of horn 
balance to unbalanced elevator. 
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Figure 19.- Effects of Mach number"on the lift parameters. - 
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