
COPY !d 

.nrr* 1- 

DUM 

TESTS OF A MODEL HORIZONTAL TAIL OF ASPECT RATIO 4.5 IN 

THE AMES 12-FOOT PRESSURE WIND TUNNEL. II - ELEVATOR 

HINGE LINE NORMAL TO THE PLANE OF SYMMETRY 

By Bruce E. Tinling and Jerald K. Dickson 

Ames Aeronautical Laboratory 
Moffett Field, Calif. 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
October 17, 1949 



KACARMA9Hl.l.a 

. . 

TESTS OF A MODEL EORIZORTAL TAIL OF ASRR(=T RATIO 4.5 II? 

!EUZAMES12-FOOTPKESSDREUIRD~ II-ELEVATOR 

HIlEELINEIWRMALTOTEEFLAREOFi3'YMMETRY 

By Bruce E. Tinling and Jerald K. Dickson 
. 

SUMMARY 

Wind-tunnel tests have been conducted to evaluate the independent 
effects of Reynolds and Mach numbers on tie aerodynemic characteristics 
of. a horizontal tail equipsed with a 0.3O-chord, Rlain'sealed elevator 
with a tab. The elevator hinge line was norm&l to the plane of symmetry. 
The airfoil sections parall to the plane of s~try were the IWX 
64AOlO. . 

The Reynolds number was varied fram 2,000,OOO to ll,OoO,OOO at a Mach 
number of 0.21, and the Mach number was varied fram 0.21 to 0.88 at a 
Reynolds number of 2,000,OOO. Lift, drag, pitching moment, elevator hinge 
moment, tab hinge moment, ohordwiae distribution of static pressure at the 
midsemispan, and pressure.difference across the el8vatoMose seal were 
measured. 

An increase of Reynolds number from 2,000,OOO to ll,OOO,OOO increased 
the angle of attack for the stall by approximately 2'. Changes in 
Reynolds number from 2,000,OOO to ll,OOO,OOO had little effect on the 
aerodynamic characteristics of the tail at angles of attack below the 
stall. I 

Abrupt decreases in the lift-curve slope and in the elevator effec- 
tivenesa occurred at a Mach number of about 0.85. 'Ibe Mach numbers at 
which marked chanms in the elevator hinge-mcment coefficients occurred 
were dependent upon the magnitude of angle of attack and elevator 
deflection. Ih general, however, the changes of elevator hinge-moment 
coefficient were gradual ae the Mach number was increased to 0.80. The 
tab was effective in reducfng the elevator hinge momenta throughout the 
Mach number range. Calculations indicated that incorporation of 
sufficient sealed internal balance to reduce the variation of elevator 
hinge moment with elevator deflection by 50 percent at a Mach number of 
0.21 would cause only a lo-percent reduction for elevator deflections 
greater than 5O 5: a Mach number of 0.85. - 
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Comparison of the results of this investigation with those for a 

horizontal tail of the same aspect ratio, taper'ratio, and airfoil section 
but with the quarter-chord line swept back 350showed that the abrupt 
decrease in lift-curve slope occurred at a Mach number about 0.m greater 
for the swept-back.horizontal tail. The Mach.numbers at which a decrease 
in elevator effectiveness ocCurred were very nearly the same for both 
horizontal tails, but the rate of decrease of elevator effectiveness 
with further Mach Rtrmb8r Increaee was much less for the swept-back 
horizontal tail. Abrupt changea in the elevator hinge-mament coefficients 
occurred at higher Mach numbers for the swept-back horizontal tail than 
for the horizontal tail without sweep. 

l 

I 

A systematic investigation has been undertaken at the Ames Aero- 
nautical Laboratory to determine experimentally the cqntrol-effectivenesa 
and hingeinoment parameters of horizontal tails. Referenties I through 5 
present remits of low-speed tind-tunnel tests of both swept and unswept 
horizontal tails of several aspect ratios, all having the same taper ratio 
and airfoil section. l , 

The tests reported herein were conducted to evaluate the effects of 
compressibility and dynamic scale on a horizontal tail with elevator 
hinge line nonaal to the plane of symmetry, the low--speed aerodynamic 
characteristics of which have been reported In reference 2. The results 
of the tests of the hc)r$zontal.taiL without sweepback are compared with 
the results of tests of-a horizontal tail of the same aspect ratio, 
taper ratio, and airfoil section but with 35"of sweepback of the 
quarter-chord line-(reference 6). 
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drag coefficient 

lift coefficient 

elevator hinge-moment coefficient elevator hinge moment 
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tab hinge-molment coefficient tab hinge moment 
2q MAt > 

c; 
x 

6 



. 

EAcARMAgHxLa 3 

$ , 

pitching- nt coefffcient about a lateral axis pass- 
throughthe quarter point ofthemeanaerodynemic chord 

M Mach n&er /E 
la > 

P pressure.coefficfent 
cpz ,"I 

PC2 critical pressure coefficient, pressure coefficient corre- 
sponding to a local Mach nmiber of 1.0 in a streamwise 

direction I 2 
c( 
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R Reynolds nWber 

42 
Q 

pressure coefficient across the el.evatoMose seal 
below the seal -pressure above the seal 

free-stream dynamic pressure > 

first mount of the elevator srea behind the elevator hinge 
line sboutthe hinge line, feet cubed 

first mount of the tab areabehlnd the tab hinge line about 
the tab hinge line, feet&bed 

S 

V 

a 

b/2 

C 

semispan horizontal&ail mOae1 area> square feet 

airspeed, feet per second 

speedof sound, feetper second 

eemispan, measuredperpendiculartothe plane of symmetry, feet 

chord, measured psmJle1 to the plane of -try, feet 

F 1~~3821 aerodynamic chord 
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chord of the elevator behind the h-e line measured perpen- 
dFcular to the elevator hinge line, feet 

local static pressure, pounds per square foot 

free-stream static pressure, pounds per square foot 

free-stream dynamic pressure, pounds per square foot 

lateral distance normal to plane of symmetry,' feet 

corrected angle of attack, degrees 

angle of attack, uncorrected for tmnel-wall Fnterference and 
angle-ofettack counter correction, degrees 

ratF0 of specific heats specific heat at constant pressure 
specific heat at can&ant volume > 

elevator deflection (positive to increase lift) measured in a 
plane normal to the elevator hinge line, degrees 

tab deflection (positive to increase lift) measured in a plane 
normaltothe tab hinge Line, degrees 

density of aIr, slugs per cubic foot 

absolute viscosity of air, slugs per footieoond . 

6ee8t=0 
(mamredthroughm=O), per degree 

(naaasured through 6e=O), per degree 

(measuredtbrougha=O), per degree 

(measuredthrough6,=O),per degree 

(measured through 6t=O), per degree 
de=0 

. 
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The subscripts outside the parentheses represent the factors held constant 
during the measurement of the parmters. 

MOIEZ 

5e semispan model teated ti this investigation represented a 
horizontal tail of aspect ratio 4.5 and taper ratio 0.5 (fig. 1). The 
airfoil sectfon parallel to the plane of symmetry was the HACA &A010 
(table I). 5e '/O-percent--chord line of the tail was perpendicular to 
the plane of symmetry. 5e tip shape ~8s~ formed by rotating the section 
parallel to the undisturbed stream about a line inboard of the tap a 
distance equal to the maxImnm tip ordinate. 

The model was equipped with a full-an, radius-nose, sealed 
elevator, the chord of which was 30 percent of the model chord. The 
elevator was hinged to the stabilizer at 28, 81, and 95 percent of the 
semispan. These h-s and a close-fitting block at the plane of symmetry 
divided the sealed balance chamber into three separate sections. The seals 
were fitted closely to the ends of each section to reduce leakage to a 
minimum. The elevator was equipped with an unsealed tab, the area of which 
was 5.9 percent of the elevator area and which extended from 23.7 tc a.8 
percent of the semispan. 5e elevator 
in figure 1. 

The stabilizer MEIS constructed of solid steel and tie elevator of 
aluminum alloy, Themodelwasmounted vertioal2.y with the wind4mmel 
floor serving as a reflection plane a8 shown infigme 2. The rotating 

and the tab hinge gaps are shown 

turntable upon which the model was mounted ia directly connected to the 
force+ueasurIng apparatus. The elevator and the tab hinge moments were 
measured xith resistance-type eleCtZiC strain gages. 5e elevator gage 
was beneath the turntable cover plates, andthe tab gagewas contained 
within the elevator. 5e elevator deflection was remotely controlled, 
and the tab deflection was set by means of an indexIng system built fnto 
the tab and elevator. The gap between the elevator and the reflection 
plans was approximately 0.02 inch. 

A chordwise row of orifices was provided at 50 percent of the eemi- 
span to measure the chordwise distribution of static pressure. Six ori- 
fices to measure the pressure difference across the elevator-nose seal 
were located in the balance chsmber, one on either side of the seal at 13, w 
49, and 91 percent-of the semispan. 

5e data have been corrected for the effects of tunneI+ral.l inter- 
ference, for constriction due to the presence of the tunnel walls, and 
for model-eupport tare forces. 
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Tunnel-Wall Intederence 

Corrections to the data for the effects of tunnel+aU. interfereno 
have been evaluated by the methods of reference 7 using the theoretical 
span loading for PccomRressible flow calculated by the methods of 
reference 8. The corrections added to the drag coefficient and to the 
angle of attack were: 

Aa= 0.329 CL, degrees 

A% = 0.00302 a2 

Ro attempt was made to separate the tunnel-wall interference effects 
resulting from lift due to elevator deflection and lift due to angle of 
attack. ITo corrections Fre applied to the pitch Mntorhtige- 
lmment data. 

Constriction Effecta 

5e data have been corrected for the constriction effects due to the 
presence of the tunne1wnlJ.s by the methode of reference 9. The following 
table shows the magnitude of the corrections to Mach number and to dynamic 
pressure: 

Corrected 
Maoh number 

Uncorrected 
Mach number 

q uncorrected 
P corrected 

0.210 
600 
l 7!m 
.800 
.850 
280 

0.210 
,600 
.749 

:Ei 
.876 

1.001 
1.001 
1.002 
1.002 
1.003 
l.OC4 

Tares 

A correction to the drag data was neoessary to allow for forces on 
'the exposed surface of the turntable. This correction was determined 
from tests with the model removed from the tunnel. 5e correction was 
found to vary with Reynolds nmber only and is presented in the following 
table: - 

. 
R x 10-s @  tare 

1.00 0.007l 
2.00 ~063 
5-w .w8 

11.00 .cw 
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Ro attempt was made to evaluate the tares due to possible interfer- 
ence effects between the modeland the turntable. Ro account was taken 
of the tunnel floor boundary layer which at the location of the model 
had a displacement thickness of l/2 inch. 

Reynolds Eumber Effects 

To determine the effects of Reynolds number on the aerodynamic 
characteristics of the horizontal tail, the lift, drag, pitching moment, 
and elevator hinge moment were measured for a Mach number of 0.21 at 
Reynolds numbers of 2,ooO,OOO, 5,ooO,oOO, and 11,000,000. For these tests 
the angle-of-attack range was from -10' to 20°, the elevator deflections 
were O", -loo, and -20°, and the tab was undeflected. For Mach numbers 
of 0.60, 0.80, and 0.88, similar data were obtained at Reynolds numbers 
of l ,OOO,OOO and 2,000,OOO with the elevator and the tab undeflected. 

Mach Rumber Effects 

To determine the effects of ccrmpressibility on the aerodynamic 
characteristics of the horizontal tail, the lift, drag, pitching moment, 
elevator hinge moment, tab hinge'moment, pressure'difference across the 
elevator-nose seal, and chordwise distribution of static pressure were 
measured at a Reynolds number of 2,000,OoO at Mach numbers of 0.21, 0.60, 
0.75, 0.80, 0.85, and 0.88. 5e angle-of-ttack range was from -loo to ' 
20' except at Mach numbers greater than 0.80 where the angle-of-attack 
range was limited by wind4unnelpower. For the greater part of the 
tests, the range of elevator deflection was from -20' to 4'. Lift and 
hinge-moment measurements were made for tab deflections of O", 5', loo, 
and 150 for the complete range of Mach numbers and elevator deflections 
at uncorrected angles of attack of 0' and 4O. 

Effects of Standard Roughness and Removal 
of the Elevator-Rose Seal 

!Iests were also made to evaluate the separate effects of standard 
leawdge roughness (reference lo), and of removing the elevator-nose 
seal. Data were obtiined at a Reynolds number of 2,000,OOO over the 
angle-of-attack range for elevator deflections of ho, O", and -15O with 
the tab undeflected at Mach numbers of 0.21, 0.80, and 0.88. 

RgSDL'ISARDDISWSSIOR 

The results of tests conduckd to evaluate the effects of Reynolds 
number on the aerodynemic characteristics of the horizontal tail are 
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presented in figures 3 and 4, and the results of tests conducted to 
evaluate the effects of Mach number are presented in figures 5 through 
12. The data from tests conducted to evaluate the separate effects of 
leading-edge roughness and of removal of the elevatoreose seal are 
presented in figures 13 through 16. An index to the figures presenting 
the results is given in theappendIx. 

Certain data are presented for values of uncorrected angle of attack 
au where 

a = 0.9%u + Au 

The constant 0.99 is the ratio between the geometric angle of attack and 
the uncorrected angle of attack indicated by the angle-of-attack oounter. 
The uncorrected angle of attack does not differ from the corrected value 
by more than 0.30' for any of the test points presented. 

Effect of Reynolds Rumber 

Low speed.- 5e effects of increasing the Reynolds nuniber from 
2,000,OOO to ll,OOO,OOO at a Mach number of 0.21 are presented in 
figure 3. Increasing the Reynolds number from 2,000,OOO to 5,000,OOO 
increased the angle of attack at which the et&U occurred when the 
elevator was undeflected by approximately 2O and increased the maximum 
lift coefficient by about 0.10; no further increase in this maximum lift 
coefficfent occurred when the Reynolds number uas increased to ll,OOO,OOO. 
IncreasIng the Reynolds number from 2;000,000 to ll,OOO,OOO had no 
important effect on any of the aerodynamic characteristics at angles of 
attack less than that for stall, 

The slope parameters measured from results of tests of a geometri- 
cally sdmllar model conducted'in the Ames 7-by 104oot wind tunnel are 
presented for comparison with those evaluated frarm results of the present 
tests in the following table: 

Slope 
parameter 

Ames 7-by 1Moot 
windtunnel Ames l&foot 

(Reference 2) pressure wind tunnel 
R = 3,ooo,ooo R= 2,000,000 

0.066 0.063 
.045 .044 

- .0020 

--.w33 

- .0032 

--.OlOO 

25.0 

. 

A 

I 

. 
. Aerodynamic center, 

percent F 
22.9 

(C$ = 0~ 6e = 0) 
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The large dffference in the values of Chea is due to the non- ' 
linearity near O" angle of attack of the data shown in figure 3(b) for 
a Re olds number of 2,000,OOO with the elevator undeflected. The values 
of Chef iY 

atz 
or 0' elevator deflection measured between 2' and 4' angle of 

attack from the data from the Ames l24oot pressure wind tunnel for a 
Reynolds number of 2,000,OOO and from the Ames 7-by 109oot wind-tunnel 
data were about the same, having a value of approximately 4.0020. The 
reason for the difference of 2.1 percent of the mean aerodynamic chord 
in the location of the aerodynamic center is not tiown. 

Hi& subsonic speeds.- Figure 4 presents a comparison between data. 
obtained at Reynolds numbers of 2,000,OOO and 1,000,000 at Mach numbers 
of 0.60, 0.80, and 0.88. At Ma&numbers of 0.60.and 0.80 the decrease 
in Reynolds number had little effect other than to decrease the lift at 
angles of attack greater than about 60. At a Mach number of 0.88, 
decreasing the Reynolds number from 2,000,OOO to 1,000,OCMl resulted in a 
decrease of lift-curve slope of 0.015 per degree at small angle8 of 
attack, a forward movement of the aerodynamic center at zero lift of 8.4 
percent of the mean.aerodynemic chord, and a more rapid increase of drag 
coefficient with lift coefficient. 

4 Xffect of Mach Number 

The aerodynamic characteristics of the horizontal tail at a Reynolds 
number of 2,000,OOO for Mach numbers fram 0.21 to 0.88 are presented in 
figures 5 through 12. 

Lift4 .- The variation of 1st coefficient with angle of attack is 
presented in figure 5. With the elevator usdeflected, increasing the 
Mach number frcrm 0.21to 0.80 reduced the maximum angle of attack for 
which stabilizer effectiveness was maintained from approximately l2O to 
8O. Further Increase of Mach number increased the angle of attack for 
which the stabilizer remained effective. At a Mach number of 0.88, the 
stabflizer was effective (for S, = 0) to an angle of attack of at least 
120; wind-t-e1 power Imitations prevented.further increase in angle 
of attack at this Mach number. 

The elevator was effective in producing changes Tn lift at Mach 
numbers of 0.21and 0.60 throughout the angle-of-attack range for all 
negative elevator deflections. As the Mach number was Increased beyond 
0.60, the range of elevator deflection and the range of angle of attack 
for which the elevator was effective was progressively reduced. At a 
Mach number of O-88, the elevator was not effective when deflected 
negatively more than 4' 3f the angle of attack was greater than about 4'. , 
The variation of lift coefficient with elevator deflection at an uncor- 
rectedangle of attack of 0 ' is presented in figure 17. These data show 
that the range of elevator deflection for which the eletator effectiveneag 
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was constant diminished as the Mach number was increased to 0.85. 

The effects of Mach number on the values of the stabllizer- 
FSI;tLzLG parameter h, the ele va t or-effectiveness parameter 

are shown in figure l.8. Gradual increases in C& 
and Qe ockrred as the Mach number was increased from 0.21 to 0.85, 
CL, Increasing from 0.063 to 0.088 and Q, increasing from 0.044 to 
0.061. Increasing the Mach nmber had little effect on the value of 
we until a Mach number of 0.85 was exceeded. Further increase in 
Mach number to 0.88 caused an abrupt decrease In the value of age. 

Elevator hinge moment.- The elevator hingelnament coefficients for 
various Mach numbers up to 0.88 are presented in figure .6 as a function 
of angle of attack and in figure 7 as a function of elevator deflection. 
At the.higher Mach numbers the slopes of the curves vary considerably 
with angle of attack and with elevator deflection. It is apparent, 
therefore, that at the higher Mach numbers the hingeincment parameters 
-6, and %a are not indicative of the hinge-moment characterietics 
of the horizontal tail and that any discussion in terms of these 
parameters would be misleading. The data of figure 19 show that, at 
Mach numbers less than about 0.80, increasing the Mach number caused 
gradual changes in the hingemoment coefficients for elevator deflec- 
tions and angles of attack between f 6'. The Mach numbers at which 
rapid ohanges in the elevator hinge-moment coeffioients occurred were 
dependent upon the angle of attack and elevator deflection. 

Effect of tab.- The variation of elevator hinge-moment coefficient 
with elevator deflection for several tab deflections is presented in 
figure 7. The tab-effectiveness parameter C!he 

Et' 
measured at 0' angle 

of attack and Oo elevator deflection, had a value of approximately 
-0.0040 and was little affected by compressibility. This is evident 
from the data of figure 20, which present the incremnt of elevator 
hinge-moment coefficient produced by tab deflectlon Acb, as a function 
of Mach nuniber. However, with the elevator deflected more than -6O, 
li.ttle increase fn balancing hinge nmrent was obtained as the tab was 
deflected to more than loo at a Mach number of 0.88. The change in lift 
coefficient due to deflection of the tab is shown in figure 17. 

The tab hinge-moment coefficients are presented in figure 8 to 
permit application of the tab-effectiveness data to the design of a 
simple or spring-tab installation. 

Pressure difference across the elevator-nose seal.- The variation 
of the pressure coefficient across the elevatowse seal with elevator 
deflectfan is presented in figure 9. Leakage around the ends of the 

B 
.- 

I  

.  
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seal in each section of the balance chamber may have had an effect on 
these data, especially those for the tip section of the balance chamber 
where the ratio of leakage area to vent area between the curtains and 
the elevator was the greatest. The data of figure 9(a) are in fair 
agreement tith those presented in reference 2 for elevator deflections 
up to -90. 

Inspection of the data presented in figure 9 reveals that, in general, 
the rate of change of pressure coefficient across the elevatoraose seal 
with elevator deflection, measured at 0' elevator deflection, became more 
positive (greater balancing effect) as the Mach number was increased. At 
a I&ch number of 0.21, the rate of change of balancing pressure with 
elevator deflection decreased at large negative elevator deflections. At 
0' angle of attack, for emle, the balancing pressure In the middle 
section of the balance chamber decreased as the elevator was deflected 
more than -15O. AE the Mach number was increased, a decrease of balancing 
effectiveness occurred at progressively smaller elevator deflections. At 
a Mach number of 0.85, the rate of change of balancing pressure with 
elevator deflection in the middle section of the balance chamber decreased 
markedly at an elevator deflection of approximately -4' when the angle of 
attack was O". 

In order to evaluate the reduction of elevator hinge moment 
obtainable through the use of a sealed internal aerodynamic balance, the 
hinge-moment coefficfents have been computed for an elevator with a 
balance plate having a chord equal to 0.35 of the elevator chord and 
extending from 0 to 96 percent of the semispan. 56 total elevator- 
deflection range would be limited to approximately 36O Ff this amount of 
internal balance were employed. In computing the hinge-mm& charac- 
teristics of the balanced elevator, it was assumed that the pressure 
difference tidicated by each pair of oriffces existed uniformly over 
the balance plate between the center Unea of the hfnges which limited 
that section of the balance chamber wherein the orifices were located. 
The ccrmputed hinge moments of the balanced elevator are presented tith 
the measured hinge moments of the radius--LLose, sealed elevator in 
figure 21. These computations show that, at a Mach number of 0.21, use 
of the sealed internal balance would result in a 50-percent reduction fn 
is for elevator deflections less than about -15'. As the Mach number 
86, * a 
was increased, the range cf elevator deflection for which z?- wouldbe 8 
reduced by the internal balance was progressively decreased. At a Mach 
number of 0.85, for ezmple, the calculated value of ach, was - 

s- 
reduoed by only about 10 percent when the elevator was de % lected more 
than 3'. At this Mach number, the calculated value of % was 

as,- 
approximately zero between elevator deflections of @. Any greater 
amount of internal balance would result In overbalance for amall 
elevator deflections at a Mach number of 0.85. 
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The effect of the sealed internalaerodynamio balance on the 
variation of elevator hinge-moment coefficient with angle of attack 
(fig. 2i) WIlB BZIlEdl. 

Pitching moment.- The pitchinwoment coefficienta about the quarter 
point of the mean aerodynamic chord are preeented in figure 10. TheBe 
data show that the etatic longitudinal Btability Increased markedly at 
the stall. 

The rate of change of pitchinwoment coefficient with lift 
coefficient indicates that the aerodynamic center (for 6e = 0 and C& = 0) 
moved gradually forward fram 25 to 23 percent of the mean aerodynamic 
chord as the Mach number was increased from 0.21to 0.77 (fig. 22). 
Further Mach number increase to about 0.86 reeulteh in a rapid rearward 
shift of the aerodynamic center to about 28 percent of the mean aerody- 
namic chord. 

Drag.- The. dra$.data of figure llare gummar ized in figure 23, where 
the m=um drag coefficient, maximum lift-drag ratio, and the lift 
coefficient for maxfmum lift-drag ratio are preBented aB a function of 
Mach number. The Mach number for drag divergence, defined aB the Mach 

3% number at which a~ = 0.10 s ,was approx%nately 0.84 when the elevator 

‘me undeflected. The maxiknu lift-drag ratio wan 24.8 at a %ch number 
of 0.21 and w-a~ decreased to 23.0 by an increaee in Mach number to 0.75. 
Further Mach number increaee caused an abrupt decrease of maxImum lift- 
drag ratio, the value for a Mach number of 0.88 being roughly one-third 
of that at a Mach number of 0.75. 

Pressure d.iBtribution. - The chordwise distribution of &atic preesure 
at the mid8emiBpan wae measured to correlate the effecte of Mach number on 
the aerodgnamic characterietics, as evaluated from force measurements, - 
with the changes in eurface pressures, and to provide data for structural 
deSiepl. The preesure-d~strfbution data are peaented in figure 12 for 
various angles of attack and elevator deflectiona for which force data 
are preeented. 

mpection of the data of fIgtare I.2 reveals that regions of super- 
sonic flow eXfBb3d over the horizontal tail at the higher Mach numbers. 
I>eflectl.on of the elevator had 1Tttle effect on the eurface preseurea 
forward of any point on the etabilizer Where the flow w&8 Buperaonlc. 
This afford&! an explaration of the lose of elevator effectiveness at 
the higher Mach nmbers. The abrupt increase with increasing Mach 
number of the elevator hingeaccment coefficient for amall elevator 
deflecttona (fig. 19(b)) may be correlated with the change in preersure 
distribution which occurred when the flow over the elevator became 
supersonic. 

P 

. 

‘ 
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Effects of Lead- Rou&ness 

13 

Results of tests conducted with standard roughness, as defined in 
reference 10, are presented in figures 13 through 16 for Mach numbers of 
0.21, 0.80, and 0.88. Results of tests conducted without leadinwdge 
roughness are also presented in these figures. 

Leadinvdge roughness caused reductions in the lift at Wge angles 
of attack at all Mach numbers for which data were obtained and caused the 
six11 to be less abrupt at a Mach nranber of 0.21. (See fig. 13(a).) 
Both the stabilizer-effectiveness -parameter and the elevator-effectiveness 
parameter were reduced when leading-edge roughness ~55 applied. This 
effect wa5 greatest at a Mach number of 0.88 where CL, was reduced by 
0.017 per degree and Q, was reduced by 0.019 per degree. It was 
assumed in measuring CD 

f3e 
that the elevator effectiveness was constant 

between deflections of 0 and 4'. 

Inspection of the data of figure 14 shows that leading-edge 
roughness caused sizable reductions in the variation of elevator hinge- 
moment coefficient with elevator deflection. 

The data of figure 15 indicate that leading-edge roughness caused 
the aerodynamic center (for Se = 0 and CD = 0) to shift forward at Mach 
numbers of 0.80 and 0.88. This effect ~55 greatest at a Mach number of 
0.88 where the aerodynamic center (for 6e = 0 and OL, = 0) was shifted 
from 28.0 to 17.4 percent of the mean aerodynamic chord. 

Effect of Removal of the Elevator4ose Seal 

The effect of removal of the elevator-nose' seal is sho& in figures 
13 through 15.where comparison is made between data obtained with the 
elevator nose sealed and with the elevator nose unsealed. 

Unsealing the elevator nose had no important effect on the variation 
of lift with angle of attack, but did reduce the elevator effectiveness. 
(See fig. 13.) This reduction wae greatest at a Mach number of 0.88 
where the value of CQe decreased by O.OlJ- per degree. 

Unsealing the elevator nose had small effects on the elevator 
hinge-moment coefficients as is shown by the data of figure 14. 

Comparison of the Effects of Mach Bumher on Two Eorizontal 
Tails Which Differed Primarily in the Angle of Sweepback 

tiparison of the effects of compressibility on the aerodynamic 
characteristics of the horizontal tail of this investigation tith those 
of a similar horizontal tail which differed primarily in the angle of 
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sweepback may be made from the data presented in figures 22 through 25. 
The RACA 64AOlO airfoil sections of the swept-back horizontal tail were 
inclined 35' to the plane of symmetry and the quarter-chord line of these 
airfoil sections was swept back 35'. The elevator chord was 30 percent 
of the chord of the airfoti section in each carje, which resulted in the 
elevator area of the swept--back horizontal tail being smaller by 2.8 
percent of the total model.area. Comparison of the low+peed aerodynamic 
characteristics of these horizontal tills has been made in reference 2, 
and the effects of Reynolds and Mach number5 on the aerodynamic character- 
istics of the sweptdack horizontal tail have been reported in reference 6. 

The Mach number at which an abrupt decrease in the stabilizer- 
effectiveness parameter Q occurred was greater by about 0.03 for the 
swept-Back horizontal tail. (See fig. 22.) The Mach number at which the 
elevator-effectiveness parameter a8 began to decrease was nearly the 
same for both horizontal tails; howe&, the value of C)&, for the 
unswept horizontal tail decreased much more rapidly with further increase 
of Mach number than did that for the swept&back horizontal tail. 

The data of figure 23 show that the Mach numbers for which abrupt 
changes in the elevator hinge-moment coefficients occurred were greater 
for the swept-back horizontal tail. It should be noted that the moment 
of the area of the unswept elevator was greater than that-of the swept- 
back elevator by a factor of 1.413. This fact must be considered if a 
comparison of the htiga moments of the two elevators is to be made. 

The aerodynamic-center looation (at C, = 0 for Se = 0) of the swep* 
back horizontal tail changed very little as the Mach number was increased 
to 0.85 and moved rapidly rearward with further increase in Mach number. 
(See fig. 24.) For the unswept tail, the aerodynamic center 
(tit & = 0 for Se = 0) moved forward 2 percent of the mean aerodynamic 
chord as the Mach number was increased from 0.21 to 0.78 and then moved 
rapidly rearward with further increase of Mach number. 

a 

The Mach number for drag divergence was greater by about 0.07 for 
the swept-back horizontal tall. The minimum drag coefficient of the 
unswept horizontal tail, however, was lees than that of the swept-back 
horizontal tail at Mach numbers less than about 0.81 (fig. 25). 

SUMMARYOFRESULTS 

The results of wind-tunnel tests conducted to evaluate the independent 
effects of Reynolds and &ch numbers on the aerodynamic characteristics 
of a horizontal tail of aspect ratio 4.5 with the hinge line normal to the 
plane of symmetry have been presented. 

Results of tests at a Mach number of 0.21 at Reynolds numbers of 
2,000,000, 5,000,000, and 11,000,000 indicated that: 
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1. An increase in Reynolds nuziber from 2,000,OOO to 5,000,OOO 
increased the angle of attack for the &all by approximately 2' and 
increased the maximum 1-t coefficient by'about 0.10; no further increases 
occurred when the Reynolds number was increased to U,OOO,OOO. 

2. Change in Reynolds number from 2,000,OOO to ll,OCIO,OOO had little 
effect on the aerodynamic characteristics at angles of attack below the 
stall. 

Results of tests at a Reynolds number of 2,000,OOO over a range of 
Mach numbers from 0.21 to 0.88 Indicated that: 

1. Increasing the Mach number fram 0.21to 0.85 increased tie lift- 
curve slope from 0.063 to 0.0% per degree; further increase of Mach 
number caused an abrupt decrease in lift-curve slope. 

2. The elevator-effectiveness parameter Qe increased from 0.044. 
to 0.061 per degree between Mach numbers of 0.21 and 0.85 and decreased 
abruptly as the Mach number was increased to 0.88. 

3. The Mach number at which a marked &an@ in the elevator hinge- 
moment coefficient occurred was dependent lxpon the angle of attack and 
the elevator deflection; however, the changes in the elevator hinge-mcauent 
coefficients'at angles of attack and elevator deflections between *60 were 
gradual as the Mach number was -creased to 0.80. 

J+ . The tab was effective in producfng a balancing increment of 
elevator hinge moment throu&out the Mach number range. 

Incorporation of a sealed internal balance sufficient to cause a 
5ipezcent reduction in the variation of elevator hinge moment with 
elevator deflection at a Mach number of 0.21 caused only a 1Wpercent 
reduction at a I&ch number of 0.85 for elevator deflections more negative 
than 3'. 

R8StitE of tests to evaluate the effect of leading+dge roughnees 
indicated that: 

1. Leading-edge roughness caused reductions in the lift-curve alop5 
and in the elevator effectiveness. 

2. Leading-edge roughness caused a sizable reduction in the variation 
of elevator hinge-oment coefficient with elevator deflection. 

Results of tests made to evaluate the effect of unsealing the elevator- 
nose gap indicated that: 

1. Unsealing the elevator-nose gap had no important effect on the 
lift-curve slope, but reduced the elevator effectiveness. 
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2. Little change in the elevator hingwdloment coefficients resulted 
from unsealing the elevator-nose &ap. 

Comparison of the effects of Mach number on the aerodynamic charac- 
teristics of the horizontal tail tested in this Investigation and of a 
horizontal tail with 35’ of sweepback which had the 5am aspect ratio, 
taper ratio, and airfoil section indicated that: 

1. The I&oh number at &5ch abrupt decrease in the Uft-curve slope 
occurred was approximately 0.08 greater for the swept-back horizontal tail. 

2. The elevator effectiveness began to decrea.se at about the aante 
Mach number for both horizontal tails, but the decrease was much less 
rapid for the swept-back horizontal tail. 

3. The Mach number at which abrupt change in the elevator hinge- 
moment coefficient occurred was greater for the swept-back horizontal 
tail. 

Ames Aeronautical Laboratory, 
RatIonal Advisory Committee for Aeronautics, 

Moffett Field, Calif. 
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The following tables have been.included to provide a convenient 
index to the data of this report. 

Reynolds number pr-lmarg variable 
[Et = oO] 

Results 
presented 

% vs a 

I” 

vs a 

R 
2,000,000 

to 
1,000,000 

I 
1,000,000 

and 
2,000,000 

M 

0.21 

0.60, 0.80, 
0.88 

a, de8 

-10 to 20 0, -10,-20 3(a). 

I 
0 4(a) 

I 

4(b) 

4(c) 

4(d) 
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4 

c 

Results 

CL vs a 

1 
Cb vs a 

I 

Qk vs 6e 

i 
cht Vs 6, 

* 1 
P/9 VS 6, 

I 
CL vs cm 

I 
CL vs CD 

NACARMA9Ella 

MachNumber PrimaryVariable 
[R=2,000,0001 

0.21 
O.&l 
0.75 
0.80 
0.85 
0.88 
0.21 
0.60 
0.75 
O.&l 
0.85 
0.88 
0.21 
0.60 
0.75 
0.80 
0.85 
0.88 

3.21, 0.6 
0.75 

1.80, 0.6 
0.88 
0.21 
0.60 
0.75 
0.80 
0.63 
0.88 
0.21 
O.&l 
O-75 
0.80 
0.83 
0.88 
0.21 
0.60 
0.75 
0.80 
O-85 
0.88 

a, de8 

-10 to 20 

1 
-10 to 14 
-10 to 14 
-10 to 20 

i 
-10 to 16 
-10 to 14 

0, 4 

1 
43 to 20 

1 
-8 to IL.2 
-8 to I.2 
-10 to 20 

1 
-10 to 16 
-10 to 14 
-10 to 20 

1 
-10 to 16 
-10 to l.4 

6 er de8 

4to 45 
4to00 

. 1 4 to -15 
4toGz5 
4to 40 

1 4 to -15 
4toG25 
4 to Go 

k 4 to -15 
4toG25 

4to -20 

4to-45 
4to 40 

I 
4 to A.5 

tt ,": 205 

I 
4 to -15 
oto-25 
0 to -20 

\1 
-2 to 40 
0 to -15 

0 

I 
0 to 1.5 

1 
0 

I 
0 

1(1 
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CHORDWIEXDIS~UTIONOF STATIC FBlZSSCJREiATT!EEMIDSEMI;spAN 
[R=2,000,000; 6t = WJ 

Results 
presented 

P v5 percent 
chord 

M 

0.21 

0.21 

0.60 

0.60 

0.75 

0.75 

0.83 

0.80 

0.85 

0.88 

a, de8 

0, 4, 8 

12, 16, 20 

0, 4, 8 

XI, 16, 20 

0, 4, 8 

1.2, 16, 20 

0, 4, 8 

12, 16, 20 

0, 4, 8 

0, 4, 8 

8 er de8 

0, 4, -10, -15, 40 

o> -4, -lo, -15 

Figure 
nuiber 

Ma) 

=(j) 
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. 

SEPARA!.t!EiZIJFFECTS OFIJUDI~CTs,ROUGHmESSAND OF 
REMOVAL oFElXVATOR4TOSE SEAL 

[R=2,000,000; Se = ho, 0'1 -15O; 6-t = O" ] 

Results 
presented 

CL vs a 

I 

Cb vs a 

J. 

CL vs cm 

5 

" 
CL vs CD 

M a, de8 

0.21 -10 to 20 

0.88 0.80 -10 -10 to to 20 12 

0.21 -10 to 20 

0.88 0.80 -10 -10 to to 12 20 

0.21 -10 to 20 

O.&l 0.88 -10 -1o'to to 20 12 

0.21 -10 to 20 

0.83 -10 to 20 

0.88 -10 to 12 

Figure 
number 

13(a) 

13(b) 13(c) 

14(a) 

14w 14(b) 

15(a) 

15(c) 15(b) 

16(a) 

16(b) 

16(c) 
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SumARYFICEUI(ES 
[R=2,000,000; M=O.21to 0.94 ] 

Results presented 

CL vs 6, 

C&9 Qe, ad cos, vs M 

%3 vs M 

Qk vs M 

Cd&vsM 

lC& VS 85, Ch, V5 a 

'ch, Cue, and q, vs M 

2che vs M 

2Aerodymmic center 
location 

(for CL& at 8e4) vs M 

2Maximum L/D, C& for rmxi- 
mm&D, adminimmC!D 
v5 M 

a, de8 Eel *8 f&de8 Figure 
number 

0 .4to -25 0 to 15 l-7 

--- --c 0 18 

4 to 20 0 0 1st 4 

0 4 to -20 0 19(b) 

0 0,-6,4.0 5,1O,l5 20 

-10 to 20 4 to 425 0 23. 

--- --- 0 22 

0,498 0,+-G 0 23 
-10 

--- 0 0 24 

--- 0 0 25 

Xhows com@md effect of a sealed internal aerodynamic balance on the 
elevator himge+nomnt coefficients. 

2Presents data for two horizontal tails; one with the hinge line normal to 
the plane of symmetry and one with the quarter-chord line swept back 35O. 
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TABLE I.- momn~~ms FOR m3 WCA 64~010 mmoa SCION 
[All dFmsnBioIX3 in percent of wing chord] 

Upper and Lower Surfaces 

. 

Station Ordinate 

0. 0. 
1% .804 

l 9@ 
1.25 1.225 
;:2 2.327 1.688 

7.50 2.&5 

10.00 15.00 ?lE 
20.00 4:272 
25.00 4.606 

30.00 35.00 kg3 
40.00 4:995 
45.00 4.894 
50.00 4.684 
Ei 

65:m 

4.021 4.388 

3.597 
7o.Qcl 3.127 
75.00 2.623 
80.00 2.103 
85.00 1.582 

g:: 1.062 .541 
100.00 .021 

L.E. radius 
0.687 

T.E. radius 
0.023 

l 

. 



. 



Dimensions shown in inches 
unless otherwise noted. t-//.25-q 

0.25 chord of airfoil 
section 

Elevator hinge line, 0.70 
chord of airfoil section 

Location of pressure- 
distribution orifices 

A 
Tab hinge line -f-P 

1s 22.50- 

T 
I 
4 I 1 .- . 
-t 

-6.75 -4 

Aspect ratio u 4.5 

Taper ratio 0.5 

Area, semispan 4.438 ft’ 

Elevator area I.327 ftp 

Tab area .0.0777 ftp 

F 1.458 ft 

Sections NACA .64AOtO 
pa&e/ to the 
plane of symmeir 

Section A -A 

f&ure I.- The geometry of the hori’ontaf-taif model with tie htnge line mmnal to the plane 
of symmetry. 



. 
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Figure 2.- Se&span horizontal-tailmodelmounted in the Ames l24oot 
pressure Kindtunnel. 



. 

. 



RACA RM A9Ella. 29 

-.6 

4 8 /2 16 20 
Angfe of affmk, II, deg 

(a1 q vs Q. 

Figure 3.- The effect of Reyno/ds number on fhe I’OW -speed uero- 
dynumic churucterisfics. M, 0.21; 8, , 0 f 
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b/2 -8 -4 0 4 8 12 /6 20 
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l 
--  

. 

m 

. 
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.8 

.6 

-.6 

-.8 

-/. 0 

-/.4 
.20 ./6 ./2 .08 -04 0 -.04 708 

Pitching-moment coeffkienf # C, 

ICI G vs cm. 

figure 3. - Continued. 
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.8 

.6 

.4 

-.6 

-. 8 

0 .04 .08 .I2 ./6 .20 for SerOv 

Ckug coefficienf, Co 

3 8, = 0.O - 

- i 

. 

Figure 3. - Concluded. 

. 

. 
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Aeq/e of uttock, a, deg 

(a1 c, vs a. 

Rgure C.-The efftzt of Repolds number on the high-speed aero@wmic characteristics. 8e,O: By, 0 
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-/2 -8 -4 0 4 8 12 16 20 24 
Angie of uf fuck, U, deg 

Figure 4. - Confinued. 
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Figure 4. - Guntiiwed. 
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Figure 4.- Concluded. 
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.6 

I t t t t I t J 

-.6 

-.8 

I I t Id 

I/# I I I I t I I I I v -10 I 1 
/Yl I I I I I I I I IQ I I 

/2 f6 20 24 

Angle of uf fuck , a, o&g 

(ur/ M, 0.21. 

Figure 5.- 73e vuriufion of /iff coefficienf wifh ungfe of uffuck. St, O”; 
R, 2,000,000. 
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-.6 

r-r I 

I/1-/ OH 
l-+-H: -4p -’ / A -6 

V -/O 
P -15 I I I I I, 

4-l -.8 

-/2 -8 - 

Angle of ffffuck, u, &g 

. 
- 
. 

, 

Figure 5. - Conh+wed. 

(bl M, 0.60. 
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.8 

.6 

-.6 

0 tl -20 a 0 -4 I I 

I I I I V -10 I I 

I I I I I 

-‘?/2 I -8 I -4 0 4 8 12 I6 20 24 I 

Angle of offock, a, deg 

w M, 0.75. 

. Figure 5. - Confinued. 
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/I/Y I I I I I I A -6 
V - IO H 

I/ I 
I a\ IA J 

D -2 
a 

1 
-20 

9.2 ’ ‘-‘/-’ 
T&!&7 

-k?,2 -8 -4 0 I 4 8 /2 I6 20 24 J 

Angle of ottock, U, deg 

C 

. 
. 

. 

(d) M, 0.80. 

Figure 5. - Conthued. 
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. 

.8 

.6 

.4 

II I . 

-.6 

-.8 

I  

dig t-l 
0 
d z t-l 

A 5 
A 
V 
D 

I I 

“‘32 -8 -4 0 4 8 /2 16 20 

Angie of attack, a, deg 
. 

(e) tW, 0.85. 

Figure 5. - Cotifiiwed. 
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I I 
/.u 

Angle of affock, a, dc?g 

(f) M, 0.88. 

Figure 5. - Concluded. 

. 

. 
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.32 

.28 

.24 

.201 - 
t iA -6 

fv -/o l-l 

l- 

I I -25 H 

-i/6 

-2-o/2 -8 -4 0 4 8 12 16 20 24 

Angle of uttuck, a; deg 

Figure 6.- 7iie vuriution of elevafor hinge-moment coefficient wifh 
angle of uffuck. St ,OO R, Z,OOO,OOO. 



44 lTACA RM AgHlla 

.28 

.24 

./6 

.08 

-.20 

-/2 -8 -4 0 4 8 i2 16 20 24 

Angie of uf fuck , a, deg 

Figure 6. - Continued. 

Lb) M, 0.60. . 
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.36 I 

.32 
t 

*e 
de47 

.28 4 

0 s 
.24 

: 
-2 

A 
.20 

1; 
V -10 
D -15 

./6 -20 

c I . 

-12 I 

.08 

0 

‘2 -8 -4 0 4 8 12 /6 20 

Angle of uffuck, a, deg 

Figure 6. - Confhued. 
tw M, 0.75. 
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. 

. 
. -36 

.32 

I i i ‘6 i i 

704 

708 

- 

I I 
-12 -8 -4 0 4 8 ./2 is 20. 

Angle of affock) a, deg 

to’/ M, 0.80. . 

Figure 6. - Con&wed. 
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Fig 

-36 

-32 

-28 

.24 

./6 

.08 

-508 

-.24 

-0 -2 H 
2 z H 0 
A H 

-12 -8 -4 0 4 8 /2 16 20 

Angie of affuck, a, deg 

tej M, 0.85. 

we 6. - Continued. 
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I I I I I I ill II I 

.40 I4 I’ I I t I I I I 
I I I I I 

.36 

-32 

.28 

.24 

./6 

-08 

42 -8 -4 0 4 8 12 16 

Angie of rrttack ,a, deg 
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(fJ M, 0.88. 

. Figure 6. - Concluded. 
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.28 

.24 

.20 

./6 

./2 

.08 

.04 

0 

-24 -20 -/6 -!2 -8 -4 0 4 . for 0; = O” 

Efevufor def/ecfton, Se, deg 

(uj hi, 0.2f. 

figure 7.- The vuriufion of eievufor hinge-momenf coefficienf wifh eievufor 
deflecfion. R, 2,000,OOO. 
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.28 

.24 

8 
.20 

g 
./6 

3 -I I I I I X\\I\I I I IPy\Y I I I I I I I I I 

.08 

0 

-20 -/6 -/2 -8 -4 0 4 for 0; = 00 
Efevutor def/ection, 8,, deg 

. 

. 
l 

(6) iIt, 0.60. 

F?gufe 7. - Corifhued. 
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, 

.28 

.24 

./6 

-08 

-20 -/6 -/2 -8 -4 0 4 for au = 
Eievuior def/ectim, 8e, deg 

v 

/c/ M, 0.75. 

Figure 7. - Continued. 
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.32 

.28 

.24 

I I II 
-20 -/6 -12 -8 -4 0 4 for cru = 00 

Hevafor def/ection, 8e, deg 

td) M, 0.80. 

Figure 7. - Confinued. 
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.36 

.24 

./6 

.08 

.28 
I I I I x 191 I 

-20 -/6 42 -8 -4 0 4 for au = 00 
Eievofor def/ecf/‘on, Se, deg 

/e/ hf, 0.85. 

figure 1. - Confhued. 
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-/6 
‘-,I2 ’ -) .’ -4.. . ..I 

Elevator deflection, 8e, deg 

(1’) M, 0.88. 

figure 7. - Conduded. 
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-24-2OJ6-/2-84 0 4 
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-20-16-12-8 -4 0 4 

*WV 

.04 

-20-1642-8 4 0 4 

-/e&or defleclion , S, , deg 

(al IW; 0.21’, 0.60’ and 0.75. 
8.- The var/ohon of tab hinge-moment coefficienf wh’h efevutor deflection. R, 5000,000. 
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Figure 8.- Concluded. 

.&47fOr d8ffeCfiOn ) 8, , deg 
(b) M; 0.80,0.85,attd0.88. 
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Elevator deflectin, Be , deg 

(4 M, 0.2l. 
Ewe 9.- 7% varibtion of pmssure coeft%eiY across the elebwtor-nm seal with elevator deflectibn. 
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Figure 9. - Conthued. 
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Figure 9. - Continued. 
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