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NAnoNAL AmTsoRY coMMT!lmE FOR AERONAUTES 

I -UNSWEPT AND 35' SWEP~OK PLAN FORH 

OFASPECTRATIO3. 

l By Jules B. Do&, Jr. 

. 

The results are presented of a wind--tunnel investigatfon of the 
low--speed characteristics of horizontal tails of aspect ratio 3 
with unswept and swept&back plan forma. Twomodels were tested 
which had fdentical areas, aspect ratio, taper ratio, end airfoil 
aectioll, differing only in the angle of aweepback end elevator erea 
ratios. 
4 .O X Ids 

Data are presented for Reynolds numbers of 3.0 x 10e end 
with the elevator sealed and for a Reynolds number of 

3.0 X 18 with the seal removed and with standard roughness applied 
to the leading em. 

. The major effect of sweepback, as measured from the tests of 
the two modele, was to increase the rate of chenge of hinge-moment 
coefffcient with angle of attack, to reduce the rate of change with 
elevator deflection, and to reduce the eledator effectiveness. 

IlINTROWCTION 

An investigation bf. the theoretical prediction of control- 
surface hinge moments by lifting-surface theory has been undertaken 
by the NACA. The 1fftIn~UTface theory is a further refinement 
to the lifting-line theory to obtain more accurate predictions. This 
report presents the experimental results obtained on the first two. 
of a series of models to determine the v&lidity of the theoretical 
computations and the extent of aspect ratios over which they are 
valid. The ccmparisona with the theoreMcal calculations are not 
presented herein but will await the results of tests of models of 
aspect ratios 4-5 and 6. 
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Another equally important purpose of the investigation was to 
evaluate the effects of sweepback by e. compa~~ison of the results . 
of tests of two models with the same area, aspect ratio, taper 
ratio, and airfoll section, differing mainly in the angle of sweep- 
back. 

The present investigation included the measurement of the lift, 
hinge+uoment, and pitching-moment coefficients, end the pressure 
coefficients across the elevator nose seal of the semispan hori- 
zontal tails of unswept and sweptcback plan forms and an aspect 
ratio of 3. The effects of Reynolds number, standard roughness on 
the leading edge, and removal of the elevator &al were also 
determined. 

The RACA &A010 airfoil section was chosen for the models. The 
aft 30 percent of this section is strafght sided, thus smlifying 
control construction and balance. 

The two models tested in this investigation were of aspect 
ratig 3, taper ratio 0.5, and the Od25 chord lines were swept back 
Il.3 for the unswept model, and 35 for the swept&back model, as 
shown in figure 1. 

The airfoil section was the RACA 64AOlO perpendicular to the 
0.7O-chord line for the unswept plan form and perpendicular to the 
0.2whord line for the swept+ack plan form. The airfoil coordinates 
are presented in table I. The values listed as model coordinates 
were used for the models,,since the true coordinates wire not avail- 
able at the time of model construction. Slight discrepancies 
between the model and the true coordinates are apparent, but they 
are not large enough to produce an appreciable effect upon the data. 

Both models were equipped with sealed radius-nose elevators. 
For the unswept tail the elevator chord was 0.30 of the total chord 
measured perpendicular to the 0.70-chard line. The elevator chord 
of the swept-back tail was also 0.30 of the total chord; however, 
the chord was measured perpendicular to the 0.2mhord'line as 
indicated in figure l(b). In maintaining the same elevator chord 
ratio along the airfoil section line, the area ratios were of 
necessity different - 30 percent for the unswept model and 25.6 
percent for the swept-back model. 

t 
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The tip shape for 'both mo-WE w-a61 forutad by rotating the tip 
airfoil section parallel to the undisturbed air stream about a 
lfne inboard of the tip a dfstence equal to the maxFmum tip 
ordinate, necessitating a short fai@ng of the tip nose into the 
leading edge. 

Photographs showfng the modela mounted in the wind tunnel are 
given In figures 2 and 3. T5e location of the balance-chamber 
tubes is even In table II. 

Tke coefficients and s@ols as used throughout the report are 
definedas follow-s: 

CL 

QQ3 

Cm 

4/9 

A 

a 

b 

H 

lift coefficient (LhS 1 

elevator h--t coefficient (H/q&Fe) (See appendix~ 

pitching+n-t coefffcient (M/~s(M.A.~.)) 

pFessure coefffcient across elevator nose seal 
(pressure below seal minus pressure above seal 
divided by the dyne&c pressure) 

aspect ratio (2b*/S) 

corrected angle of attack, degrees 

span of the semispas models measured perpendicular to 
planeofsymmetry 

span of the elevator measured along the hinge line, feet 
, 

rootxwan-square elevator chord aft of hinge line parallel 
to the plane of symmetry, feet 

root-meanrrquare elevator chord aft of hinge line 
perpendfcular to the hinge line, feet 

elevator deflection (positive when trailkg edge of 
elevator ia down, measured in a plane normal to the . . 
hinge line), degrees 

hinge moment, foot-pounds 
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L lift, pounds 
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M 

MA 

pitching mcauent about the 0.25 M.A.C., foot-pounds 

first moment of the elevator ma aft of the hinge line 
about the hinge line, cub10 feet 

M.A.C. mean aerodynamic chord, feet 

9 

R 

P 

P 

V 

S 

Se 

free-stream dynemic pressure 
foot 

Reynolds number pV(M.A.C.) 
P 

(&iv), pounds per square 

1 
density of air, slugs per cubic foot 

absolute viscosity in poiees 
. 

velocity of air, feet per second 

area of semispan horizontaJ. tail, square feet 

area of elevator aft of hinge line, square feet 

In addition, the following symbols are used: 

=o (measuredthrough a = 0) 

=o (measured through Se = 0 1 

= 0 (measuredthrough a = 0) 

=o (measured through 6e = 0) 

(elevator effectiveness parameter) 

The models were mounted on a turntable flush with the floor 
of an Ames Aeronautical Laboratory 7-by 104oot wind tunnel. 
(See figs. 2.and 3.) .Tests were conducted at dynamic pressures 
of 4.0 and 80 pounds per square foot, corresponding to Reynolds 
numbers of 3.0 x 1P and 4.0 x l@, respectively. Standard leadine 
edge roughness was applied in the manner desc-ribed in reference 1. 
Elevator hinge moments were measured by a resistance--type torsional 
strain gage. 

. 
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All coefficient8 &d the angle of attack have been corrected 
for the effect3 of the tunnelwaUs. I70 additional tunnel--wall 
correction8 due to sweepback have been applied. 

The datafor the unswepttailare presentedinfigure'e &to 9 
and those for the swept4ack tail are preeented in figures 10 to 15. 
The variation of lift, hw+nome nt, snd pitching-moment coefficients 
withangle of attackare given infigures bandlO. Hinge-mament 
coefficient8 are also shown as a function of the elevator angle for 
various angles of attack infigures 5andlL BaddItion, the 
variation of the pressure ooefficlent acro88 the elevator nose seal 
as a fun&ion of the angle of attack is presented in figures 6 and 
12. 

Scale Effect 

DEtta for both the uneweptasd the swept+ackmodels were 
obtained at a Reynolds nuuiber of 4.0 x 106. The complete results 
are not presented because the aerodynamTc coefficient8 did not 
significantly from those obtained at a Reynolds nzber of 3.0 ~3, 
as illusizatedinthe c~arieon8pre8entedinfigures Tand13. 
Recause of the rather sudden stall of the unsweptmodelitwas deemed 
inadvisable (fram struotura.l considerations) to etall the model at 
the higher Reynolds number. A slightdecreaae af themaximumlift 
coefficient was noted for the 8wepMack plan form with increasing 
Reynolds nrmiber at zero elevator deflection. The lift-curve slope 
Q remained unchaned for both values of the Reynolds number for 
both tails. 

It is noted in figure 4(a) that a dif'ferent tspe of s&U. was 
measured for the unsweptniodel at positfve snd negative angles of 
attack,anuneqeotedresultbecause the airfoil eectionwas 
symmetrical. The reason for this difference was investigated, and 
the onlyappazwnterplsna.tionUas thatthe test8were conducted in 
a CritiCd Reynolds nuz&er range for this airfoil eection. This 
contentian 18 partially substantfated by the effect of rou@nees on 
i&e 8taJ.l in the poeitive direction a8 shown in figure 8. 



6 WARMHo. A7lE4 

Effect of Standard Roughness 

The effect of standard leading-edge roughness upon the lift 
and hingedlament ooefficients is shoun in figure 8 for the unswept 
tail and in figure 14 for the swept-back tail. In general, little 
effect was found. The maximum lift of the unswept tailwa8 reduced, 
but the -lift of the 8wepiHxi.ck tailremafned the seme. 'Ihe 
effect on the hings-moment coefficients of the sweptdack tail was 
more pronounced than the effect measured on the unswept taJ.1. Bo 
signtiicentchenge int&, was foundforeither tail. 

Effect of Removing Elevator Seal 

A8 would be expected for a nose-radius elevator, the cw 
in the lift and hinge-moment coefficients caUsed by removal of the 
elevator seal wae small for low elevator deflection8 and increased 
for the higher deflections. This i8 shown in figures 9 and 15. 

Pitching Moment8 

The pitching moments measured abaut the one-quarter M-AX. 
indicate a BtibiliZing effect of sweepback. The unsweptmodelwas 
8lightlyUn8table StatiCallyWhile the swepMackmodelwa.8 neutrally 
stable. 
pli&IQS) 

As the elevatorwas deflectedupward(as in landings or 
the 8tRbility Of both -kiti l?aS increased. (see fi@3. 

4(c) and 10(c)). At the stall, the etatic longitudinal stability 
of both models increasedmarkedly, as would be predictedby the 
results of reference 2. 

Effectiveness and Binge+oment Faremeters . 
The lif%ffectiveness and hinge-nt parame ters C& CM, 

@, C&, and CQ are lieted in table III for the two tails at a 
Reynolds nuniber of 3.0 x 10'. The incremental ChEtnge8 due to 
Reynolds number, standard roughness, and removaL of the elevator 
seal as discueeed in the previous sections are presented for eaey 
reference . As shown in this table, the change in Ch between the 
Unswept end the 8wepWback models was fram 4.0010 to -0.0013, the 
change in Ch6 was from -0.0087 to -0.0069, and the tail-effeotiveness 
pmtir ag was changed fram4.n to -0.53. The value of CL~ 
wa8 reduced by 0.0094, but the slope of the lift curve rema5ned 
unchanged. A8 pointed out in a previoue eection the elevator area 

. 
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ratios differed between the two models. Although the majorpartof 
the changes in the parameters can be attributed to aweepback, the 
possibility of area ratio effects should be noted. 

The results of tests conducted to determine the lo-peed aerw 
dynamic characteristics of horizontal tails of aepect ratio 3.0, of 
unswept and sweptr;back plan forms, indicate that: 

1. X0 appreciable scale effect was encoun%ret w4i~xo;o~th- 
out eueepback for Reynolds numbers from 3.0 x 10 . . 

2. The effect of standard leading+dge roughness was small 
with or without sweepback. 

3. Removal of the elevator seal didnot affect Ch for 
either the unswept or the swept--back model. 

4. The tail-effectiveness paremeter w was changed fram 
-0.71 for the unswept model to 4.53 for the Bweptrback model. 

5. The change in ch, betweentheunsweptandthe swep% 
back models was frcHn -0.0010 to 4.0013, and Ch6 was changed 
fknil~.0087t0--0*006g. 

c Ames Aeronautical Laboratory, 
Rational Advisory Cettee for Aeronautics, 

Moffett Field, Calif. 

Conversion Factors For Hvoment Coefficients 

Because eeveral method8 are in use for the reduction of hinge 
moments to coefficient form, psrticularly for swept--back lifting 
surfaces, conversion factors for the various methods are presented. 
To obtain the hinge+noment coefficients for one of the listed 
methods,multiplythe value of the hinge-mome nt coefficient of this 
report by the corresponding conversion factor in the following table! 
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Method of computing 
hinge-moment coefficient8 

1. Abbott, Ira H., van &e&off, Albert X., and Stivers, Louis S., Jr.: 
Summary of Airfoil Data. IIACA ACR No. L5CO5, 1945. 

2. Shortal, Joseph A., and Maggin, Bernard: EPfect of Sweepback 
and aspect Ratio on Longitudinal Stability Characteristics of 
Wings at Low Speeds. NACA TN No. 1093, @I-6. 



RACA RM IVo. A7E24 

[All Dimensione in Percent of Wing Chad 

9 . 

Upper and lower Burfaces . 

NACA &A010 
ordinate 

Model 
ordinate 

> 
0 
0.819. 

-987 
1.247 
l&6 
2.333 
2.780 

;%z 
4:280 
4.610 

station 
. 

0 0 
0.50 0.804 

.75 .*9 
1.25 1.225 
2.50 1.688 

7:: 
2.327 
2 305 

10.00 3-w 
15.00 3 -813 
20.00 4.272 
25.00 4.606 
30.00 

2% 
45:oo 

g:: 4.388 
60.00 4.021 
65.00 3.597 
70.00 3 J27 
75.oo 2.623 
80.00 2.103 
85.00 
go.00 '1-z 
95.0 :541 

100.00 .021 

L.E. Radiu8 0.687% T.E. Badius 0.o231 

4.oll 
3.594 
3.131, 
2.637 
2.120 
1.595 
1.071 

-553 
0 

lsame for model ordinatee. 
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mBI;$II 
LOCATIOAOF 5URJ&RE m IE!THERALMCE 

CECAMBERD?FERC!ENTCIFTEESEMISPAN 

statim 
Unswept Swept-back 

plan form plan form 
1 21.2 15.3 
2 42.4 45.0 

1 63.7 91.2 77.1 92.1 

Increment due Increment due Increment due to 
Para- = 3.0 X lo6 to increasing to roughness removing elevator 
meter R to 4.0 x 10e on leading edge no8e seal 

Urlsw3ptplan form 

-0.0010 
-.0087 

.0370 
-.71 

,053 

0.0001 0.0002 
-.OOOl 0 
-.0018 -.0005 

.02 .Ol 
0 0 

SwepU>ack plan form 

0 
-0.0003 
-. 0039 

007 
0 

-0.0013 0.0001 0 0.0001 

-. 0069 .0003 0.0007 0 
.0276 .OOo4 -.OOll -.0026 

-.53 0 .02 - .Ol 

.053. 0 -.OOl -.OOl . 



, . 

Drawing dimensions 
tn inches 

unswept Swephbock 
Asped mllo 3 3 
riper ratio 0.5 

$*c;Y:z 
fo. 083ff. s&x3t/.r 

2RC. 

y&. 2.58lft 

h.688fi 
OW76ft. 
2.688ft 

/2./63+--hM99-4-RX20 

fl# Swept-back. 

Figure /.- Plan forms of-the horizontal toil models of aspect rotlo 3. 



(a) Three-quarter front view. (b) Three-quarter rear view. 

Figure 2.- I’& mawept 
wind tunnel. 

tail mounted in the 7- by lo-foot 



(a) Llkree-quarter front view. (b) Three-quarter raw view. 

F!gure 3.- !he 35’ Bweptcbaak tall mounted in the T-by 104oot wind tunnel. 
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Figure 4.- Liff, hinge-moment and pifching-momenf coefficients 

of fhe unswepf fail. Aspect rofio 3.0; R, 3.0 x 10’. 
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Figure 5 Vufhfion of hinge-momenf coefficienf wifh 
efevafof deflecfion for vofious angles of affuck 
of fhe unswspf foi/. Aspecf rufio, 3” 4 30x /OS. 
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Figure 6- Vafiafion of pressure coefficienf across eievfffor nuse 

sea/ wifh angle of affack of fhe unswepf fail. Aspecf ratio 3; 
R# 3.0 x IO’. 
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Figure Z- Comparison of the /iff and hinge-momenf coefficienfs 

at R=3.0~/0’ and 4.0 x i06 for the unswepf fall. Aspecf 

ratio 3.0. 



. 

Fig. 7b NACA RM No. A7K24 

/6 

.I I I I I 

I I I I I I I \\\I I I I I I ] 
-./ 2 

-./ 6 

I 12% 
:20 

, -- =41 

I I I I I.1 I I . 

-.24 - --- 
.-iNX&X 

I I I I 
~28 

-4 0 4 8 12 16 20 24 28 32 

Angle of affack, a, deg 

(lb) Hinge-momenf coefficienf . 

Figure. T -concluded. 



NACA RM No. A7K24 Fig. 8a 

.8 

-.6 

-.8 

%O 
-4 0 4 8 /2 16 20 24 28 32 

Angle of attack, a=, deg 

/a/ Liff coefficienf. 

Figure 8.- Compurison of the /iff and hinge-momenf coefficienfs 

of fhe smoofh and rough unswepf foil. Aspec f rafio 

3.0. 
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figure f4.- Comparison of fhe /iff undhhge-momenf coefficienfs 
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