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By Jules B. Doh, Jr. 

The results of a wlnd”tunne1 investigation of the 1ow”epeed 
aerodynamic  charactsristice  of two semfspm horizontal  tails  having 
unswept and 35O aweptGback plan  forms are presented. The two models  
had an aspect ratio of 4.5, taper ratio  of 0.5, and an W A  &A010 
airfoil  section. The data presented BLzpplement  previously reported 
msults of  tests of models having the same airfoil  section, taper 

c ratio, and sweepback, but wlth an aspect  ratio  of 3 .O. 

Test  results m e  presented f o r  the mode l s  with and without 
standard roughness applied to their leading edges and with sealed 
and unsealed radius-ose  elevators. 

’ The major effect of eweepback, as memured fram the tests of 
the two models, was  to  reduce the rate  of  change of hinmament 
coefficient with .elevator  deflection and to  reduce the elevator 
effectiveness. The Wference between the rates of  change  of 
hinge-mament  coefficient wfth angle of attack f o r  the unswept and 
swepMack modela was found  to be negligible. 

A systematic  investigation of the cmIxo1”eurface  character- 
istics,  particularly the hbge+aament parameters, of  semispan 
horizontal  tail surfaces has been undertaken by the mACA to provide 
experimental results for a cmpazison ~Lth thoee parameters cmputsd 
by the l i f t i n m a c e  theory. Reference l presented the experi- 
mental results obtained from wind-tmnel teertq of models of aspect 
ratio 3, and the present report extends t h e  exgerfmental data  to 
include an aspect  ratio of 4.5. Ccmrparisone  with the theoretical 
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calculations are no t  presented herein, but w i l l  await the results 
of fur ther   t es t s  and analysis. 

Another equal ly important purpose of the investigation was t o  
evaluate the ef fec ts  of sweepback on the  horizontal-tail parametere 
by a comparison of.tha results of test8  O f  two models with t h e   lame 
aspect r a t i o ,  area, taper ratio, and airfoi l   eect ion,   d i f fer ing mainly 
in  the angle of sweepback. 

coEEF1cm m SYMBOLS 

The coefficients and symbols 88 used throughout the  report  
defined 88 follows : 

lift coeff ic ient  (L/qS) 

elevator hingeinoment coefficient (H/qSeFe) (See appendix.) 

pitchinwamsnt  coefficient [M/qS(M.A.C.)l 

pressure coeff ic ient   across   e levatomose s e d  (pressure. 
below s e a l  minue pressure above s e a l  divided by the 
dynamic pre a ~ u r e  ) 

aspect   ra t io  (a2/s) 

. 

corrected angle of attack, degrees 

apan of the semispan model meaeured perpendicular t o  
the plane of symmetry, f e e t  

span of the elevator of m e  semispan model meamred 
along the hinge line, feet 

chord of the semispan model measured parallel t o  the 
plane of symmetry, f e e t  

chord of the elevator aft of the hinge line meamred 
perpendicular t o  the hinge line, f e e t  

roohnean-square- elevator  chord-aft  of t he  hinge line 
measured para l le l  t o  the plane of symnaetry, f e e t  

root-mean-square elevator chord aft of the hinge line 
manuled perpendicular to the hinge l ine,  feet 

elevator  deflectim&zit&pwtmn  trailing e- of 
elevator is down) a h  in a normal t o  
t he  hinge line, degrees 
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. 
L lift, pounde 

M pitching moment about a lateral axis through the 0.25 
M.A.C. point., f o o ~ o u n d r r  

MA firetmcanent of the elevator area aft of the hinge line 
about the hinge l ine,   cubic  feet  

M.A.C . mean aerodgnamic chord, feet 

P deneitg of air, slugs pel; cubic  foot 

P absolute  viecosity, slugs per foot-second 

v 
S 

c 

velooity of air, feet per second 

area of semiepan horizontal tail, equare f e e t  

% area of 8emiepa.n elevator aft of hinge line, equare 
feet  

In addition, the following e p b o l ~  &re wed: 

(measured through a = 0 )  
8, = 0 

= 
(measured through a = 0) 
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The models t e a t e d  in thie  investigation had an aspect  ratio of 
4.5 and a taper   ra t io   ( ra t io  of t i p  chord to root  chord) of 0.5. 
The 0.2Whord lines mre swept  back 7 . 6 O  for the unswept model and 
35' for the swep-ack model, as shown in  f igure 1. 

The a i r f o i l   s e c   t i m e  were the s a w  ae for the modele of reference 
1. The s l i g h t  discrepancies  betueen  the model coordinates and the 
t rue  MACA 64AOlO coordinates  (table I) are not coneidered q o r t e t n t .  
The a i r f o i l  sections were perpendicular t o  the O.7O-chord line 
(elevator  hinge line) for t he  unswept plan f o m  and perpendicular t o  
the 0.2-hord line for the ampMack  plan f o m .  

Both models were equipped with sealed radiue-ilose elevators. 
For the unswept model the elevator  chord aft of the hinge line wa8 
0.30 of the tail chord  perpendicular t o  the 0.7O-chord l ine .  The 
elevator chord of the m p t 4 s c k  model was 0.30 of the tail chord 
perpendicular t o  the 0.2-hord line. (See fig.  l(b) .) Because 
the. elevator-chord r a t i o s  were held  conatant in the meaner explained 
above, the r a t i o s  of elevator area to   total   surface area were d i f f e p  
ent (0.300 for the u n m p t  model and 0.271 for the sweptrback modol) . 

The gaps  between t he  elevators and the ahroud,~ and the gas8 
between the  elevator  noses and the balance plates  (seal gas) are 
shown in figure 1. Pressure or i f ices  were located in t h e  balance 
chambers enclosed  by the shrouds both above and below the sea l  at  
four spanwise stations.  In addition  to the seal across the elevator- 
nose gap, the ends of the balance chamber were eealed a t  th9 root 
section and at  the outboa;%-hinge bracket. The pres8ure orif ices  
a t  91 percent  epm were outboard of ths elevator  hinge  bracket. 

The t i p  shapes were formed by rotating the t i p   a i r fo i l   s ec t ion  
parallel t o  the undisturbed air stream about a line  inboard of the 
tip, a distance e q u d  t o  the maximum t i p  ordinate. 

L 

Photographs showing the models mounted in the wind tunnel are 
given in  figures 2 and 3.. . .  
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The models w8re mounted on a turntable Plush w i t h  tihe f l o o r  of 
m e  of the  Aums 7- by 1 M o o t  wind tunnels. (See f ige. 2 and 3.1 
The tes te  were conducted with a d p m i c  pressure of pounds per 
square foot,  correegmding to a Reynolde nlmiber of 3.0 X LOe. For 
those t es te  with leadin" rou@ness, etandard rougbnees wae 
applied in the manner dmcrlbed in reference 2. 

A l l  coefficients and the angle of attack ham been corrected for 
the effeote of the- tunnel wall8 by methods t o  those of 
reference 3.  'phe corrections l isted below were added t o  -tihe data 
for both the un8wept and the swep-aok m~dels: 

& = 0.00307 C h  

k l  3 8 ~ o u n d a r y  c&rect im to az@e of attack 

4 streamlh-ature correct im  to  angle of attack 

o o r r e o t i m  t o  pitch-nt coefficient 

correction t o  hinge-mament ooeffioient 

C h  uncorrected lift coefficient 
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The results of t ea t s  of the unswept tail are preeented in 
figures 4 t o  8 and those for the sweptrback tall are presented In 
figurea 9 to  23, The variations of lWb, hlnge-mament, and pitching- 
mament coefficients w i t h  angle of attack a m  given i n  figures 4 and 
9. Hinge-moment coefficients a r e . d e o  shown a8 a function of the 
elevator angle f o r  various angles of attack in figurefl 3 and 10. In 
addition,  the  variation of the pressure ccefficient  acroaa  the 
elevator-nose seal with a n g l e  of a t tack  ie  presented In figures 6 
and 11. "he effects of ata,ndEtxd lead.ingsdge roughness and removal. 
of the  elevator seal on the lift -8 hitlge-moment coefficients are  
shown in figures 7 and 8 f o r  the unewept model ahd i n  figurea 12 
and 13 for the rjweptback m o d e l .  A sumnary of the parametera 
measured is given in t a b l e  11. 

'11218 l i f t  effectivenese  and the hinge-mament parameters are 
l i s t e d  i n  table I1 for the two tails, AB shown in the table, Cha, 
changed from 4.0020 for the m p t  model t o  -0.0021 for  the  amp& 
back model; t he  change in Ch w&S from -0,0095 to -0 -0069, and 
the elevator-effectiveness  parameter qe m e  changed from -0.68 to 
-0.2. The value of CM, wag reduced from 0.045 t o  0.032, and 
C b  was reduced f rm 0.066 t o  0,061.. Although the major par t  of 
the change i n  ~ELYWI~XWE can be a t t r ibu ted   to  sweepback, the pomi- 
b i l i t y  of effects  due to the difference i n  the r a t i o  of elevator 
area to total.  eurface area between the two models should be noted. 

S t a t i c  Longitudinal S t ab i l i t y  

The pitching moments about the one-quarkr M.A.C. point 
indicate a stabilizing ef fec t  of sweepback. The unswept model w&6 
s t a t i ca l ly  unitable [ ( dc$l/da)8e=0 ,0014 measured. through zero angle 

of attack],  w%ile the mept"back model was neutral ly  stable. A 
negative  deflection of the elevators reduced the stability of both 
modela as shown in figures 4(c) and g (c> .  

Reference 4 would predict that, a t  the stall,  the a-katlc 1-i- 
tudina.l s t a b i l i t y  of the -wept mdel would Increase lnarkedly and 
that the a t ab i l i t y  of the swept-back model would be marginal.. The 
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experimental results of f igwas k( c ) and 9( c )  agree with this pre- 
diction. 

H f e c t  of  Standard Roughness 

' T h e  effects  of standard leading-rlge roughness (e levator   Baled)  
upon the Uft and hinge+~meat coefficients are shawn In figure 7 f o r  
the unawept  model and in figure 12 for the swept-back model. 

Standard roughness on the u n s w e p t  model increased the maximum 
l i f t  coefficient by 0.04 w i t h  the elevator  undeflected, and by 
0.10 with the  elevator  deflected either down bo or up l 5 O -  These 
increases were obtained primarily became of a delay in the angle 
of stall. The huprovamnt i n  the lift characterist ics by roughness 
a l s o  resulted  in lees severe changes i n  the hing-nt coeffi- 
cients near the e t a l l .  The value of Ch, of -0.0020 for the smooth 
una-wept model WBB changed t o  4.0019 by the addition of standard 
roughness, and &E, waa changed frat 4.0095 t o  -0.o080. 

Standard roughness on the aweptAack tail had little ef fec t  
on the maximum l i f t  coefficients for any elevator deflection or on 
the hingeinoment coefficients  near t h e  stall. The value of ha of 
-0.0021 f o r  the 0~~00th swept-back tail w a s  changed t o  4.0024 by 
roughness, and Chg, w a s  changed f ram 4.0069 t o  -0.0064. Theae 
effects  of roughness on the characterist ics of the models having 
an a s p c t  r a t i o  of 4.3 were comidembly  greater thoea meaeured 
for th4 unawept and  the  eweptaack models of aspect ratio 3 
(reference 1). 

As shown in figure 4(a), a different  type of stall wa8 meaeured 
f o r  the unewept model at  positive and negative angles of attack. A 
sWlar result was found f o r  t h s  w e p t  model of reference 1. T u f t  
studies have indicated that this difference does exist. Measurements 
have shown that the t w i s t  of the models WE~E negligible and that the 
contours of the upper and lower surfaces were not appreciably 
different.  Thus, th3 F B & B O ~  for the unegmmetrical stall €a not 
understood. 

Effect of Removing Elevatodme S e a l  

Ths greatest e f fec t  of removing the  elento-ose seal (models 
in smooth condition) wag t o  reduce ths l i f t -effect iveness  pareuneter 
C L ~ ~ .  Aa shown i n   t ab l e  11, CL~, m a  reduced from 0.045 t o  0 e 041 

. .. 
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(9  percent) f o r  t he  unawept tail, and it was reduced fram 0.032 to 
0.030 (6 percent 1 f o r  the swept-back tail. The hinge-morment mra.me- 
ters were relatively  unaffected f o r  either tail. However, f o r  large 
elevator  deflectiane, an appreciable change in t h e  hinge-moment 
coefficiente was measured, a . ~  shown in fi-e 8(b) and l 3 ( b ) .  

2. The elevator-effectiveness parameter c q j  wa8 changed frcm -0.68 f o r  the unswept model to -0.52 f o r  t h e  swep%-back model. 

3.  The effect of etancbxd leadhg-eCge roughnese waa greater 
for t he  unswept model than for t h e  swspt4aok model .  The maximum , 

lift coefficient of the  unsuept tail wae increaeed from 0.87 to 0.91 
w i t h  an elevator  deflection of Oo, and the  changes of hinge+noment 
coefficient were lees aevere near the s t a l l .  Practically no effeot 
of roughnee8 wa8 ob served f o r  the mpt-back tail 

4. Removal of the elevatoyrrose e e a l  had the greatest  effect 
upon the elevator effectiveneetr  of the  u n m p t  tail. The h i n p  
mament pmameters were relatively  unaffected f o r  both t a i l e .  

Ames Aeronautical  Laboratory, 
Natianal Adviflory Caanmittee for Aeronautics, 

Moffett Field, C d i f .  
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[All Dimemions in Peroent of Wing Chord J 

Station 

0 
-50 

1.25 
2 3 0  
3-00 
7.50 

10 .oo 
15.00 
20 .oo 
25.00 
30 .OO 
35.00 
40.00 
45.00 
50.00 
60 .oo 
65 .oo 
70.00 
75-00 
80.00 
85 .oo 
go 000 95.00 
100 .oo 

75 

55 -00 

W A  &A010 
o r d i n a t e  

0 
0 8 0 4  

969 
1.225 
1.688 
2 -327 
2 -805 
3 m 1 9 9  

3 0813 
4 .272 
4 -606 

4 0995 
rC .894 
4.684 
4 -388 
4 . m  
3 597 
3.127 - 
2.623 
2 -103 
1.582 
1.062 
-541 
0 0 2 1  

4":% 

Model 
ordinate - 
0 

-819 
-98-7 

1.247 
1.696 
2 9333 
2 -780 
3.202 
3.816 
4.280 
4.610 
4 -842 
4 950 
4 . 975 
4 9 8 8 9  

4.672 
4.373 
4 .OU. 
3 . 594 
3 m131 
2 063-7 
2 . 120 
1 595 
1.071 . 553 
0 

L.E. radius 0.687& T.E. radiw 0.023" 
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1 Pmameter 

-0.0021 

-.006g 

0061 

.O32 

-. 52 

-0.0020 

- o w  

,066 

.Oh1 

-. 62 

-.OM4 -*0067 
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.8 

.6 

-.6 

-.8 

-12 

-1.6 
-20 -/ 6 -/2 -8 -4 0 4 8 /2 /6 20 

Angle of oftack, a, deg 

(u) Lift coefficient 

figure 4.- Lift, hinge-moment, and pifching-momen f coefficienfs 
of the unswept foil. Aspect rotio 4.5; ha 3.0 x /06 
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-20 -/6 -12 -8 -4 0 4  8 /2 16 20 
Angle of ultuck, a, deg 

/b) Hinge-momenf coefficient 

figure. 4 - continued 



fcl Pitching-moment coefficient 
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Elevufor  deflection I Be, deg 

Figwe 5.- Vanufim o f  hinge-moment  coefficienf wi th  
elevofor d e f l e c t i o n   f o r  various  ungles of ottack of 
t h e  unswepf foi l .  ' Aspect rofio, 4.5; 30 x 10: . 



(0) 4 = Go 6 -4." 

Figufe6.- Voriufion of pressure coefficient across e/evof or-nose 
seu/ wifh angle of  offock o f  fhe unswepf fail. Aspect 
rotio, 4.5; R# 3.0 x IO? 
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.8 

.6 

-.8 

-L2 
-4 0 4 8 /2 /6 20 24 28 32 

Angle of uttuck, a# deg 

(a/ Lift coefficient 

Figure 7- compur/sm of the /iff unci hinge m m e n f  coef- 
ficienfs of the smooth and raugh unswept tui / .  Aspect 
ratio, 4.5; RI 3.0 x -10 6 
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(b) Hingemoment coefficienf 

Figure. 7 -conc/uded 



1.4 

-.6 

-.8 

Angle of uffackJ as deg 

(u) Lift coef ficienf. 
Figure 8.- Comparison of fhe  / i f f  and hinge -momen f 

coefficienfs wifh  and wifhouf  elevofcw sea/ on fhe 
unswept toil. Aspect fotio, 4.5; RJ 3.0 x 10. 

6 
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(b) Hingemoment coefficient. 





Angle of attack, 0, deg 

1b.I Hlngsmomenf coeff/c/ent 

Rgure. 9 -continued. 





32 
.24 

. /6 

. I2 

e- 
e .OB 

1 8 

8 
8 .u4 

E 4 
0 

p -.04 
I 
Q 

s -.08 

-. I2 

-. /6 

720 

-24 ~ 

~ 2 8  i 
-24 -PO -/6 -/2 -8 -4 0 4 

€/evufor deflecfion Se I deg 

Figure IO.- Vuriofion of hinge-momepf coefficienfs with 
e/evatw deflection fur vurious angles o f  oftock  of the 
35' swept-back i d / .  Aspect  ratio, 4.5; e 3.0 x lo! 
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Angle of attuck, Q, deg 

/ U !  4 = g 0; -4: 

Figure 11.- Voriotlon of pressure coefficient ocms e/evotor-nose 
seul w/tb ong1e o f  otfock o f  the 350 swept-bock t o i / .  
Aspe et rotlo, 4 5; ff, 3.0 x 10 f 
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(61 8, -9,. -eo -PO: 

Figure. -concluded. 
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1.4 

LO 

.8 

.6 

-.6 

-.8 

-10 

(a) Lift coefficient 
Figure 12.- Campurism of the /iff and hinge-momenf coef- 

ficients 0; fhe smooth und rough 3 5 O  swepf-buck fail. 
. Aspect rutio, 43; RI 3.0 x 10: 

35 
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. /6 

-. /2 

-. /6 

-.24 

Angle of uttock, 4, deg 

(4) Hingemoment coefflcienf 

Figure. /2 -concluded. 
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