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NACA RM No. LEL10b CONFITENTIAL
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

T i e Ty

 RESEARCH MEMORANDUM

INVESTIGATION AT EIGE SPEEDS OF A HORIZONTAL~TATL MOTEL

'IN THE LANGLEY 8-FOOT HIGH-SPEED TUNNEL

o gy

—y,
f

By Ba.lph P. Blelat
SUMMARY

Pregsure-distribution measursements and elevator hinge-moment
measurements were made to determine the aerodynemic characteristics
of a horizontal-tail model having an NACA 65-108 sirfoil section
equipped with a 30-percent-chord sealed unbalanced elevator and
a 10-percent-chord plaln trim tab The tests were made for various
angles of attack and control-surface deflections at Mach numbers
ranging from 0.40 to 0.90. Dmta are presented for tests masde with
the surfaces of the model smooth and also with boundary-iayui
trensition fixed at thne 0.10-c¢hord station by a row of carborundum
gralns on each surface. -

The results of the investigaticn indicated that for small
elevator deflections and fer Mach numbers up to 0.8 no edverso
changes in the lift-curve slopes, control-surface effectiveness,
and hinge-moment parameters occurred. At Mach numbers in the range
from 0.85 to 0.90 the values of the lift-curve slopes whowed an
ebrupt decrease, the elevator effectiveness decreased rapidly, and
the negatlve value of rate of chenge of elevatcr hinge -moment
coefficient with elevator dsflection Ch8 increased abruptly. The
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tab effectiveness, however, remainod almost constant throughout the
Mach number range. Fixing transition at the 1lO-percent-chord
gtation on both surfaces reduced the values of the lift-curve slopes
and the elevatir effectiveness. The value of the hinge-mement
parameter Ch8 was also reduced throughout the Mach number range.

INTRODUCTION

Recent defelopments in aircraft propulsive tnits have led to
the design of airplanes that operate at speeds in excesg of 500 miles
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per hour. Up to the present time, however, acrodynamic date on the
component vwarts of an airplane designed to operate at these high
spceds have been lacking. Hence, a comprehensive rcsearch program
“has been undertaken by the National Advisory Committee for Acromautics
in order to supply this informstion, Refevencea 1 to 4 describe the
~general aerodynamlic characteristics for a wing of high aspect ratio,

The tests reportcd herein describe tho cheracteristics of e
horizontei-t&tl model heving en NACA 55-108 airfoil scction and a
30 porcent-chord sealed unbalanced elevator equipped with a
10 percent-chord plain trim tab. The tests consisted of measgurements
of the pressures at four spanwise stations end elcvator hinpge moments
at Mech numbers ranging from 0.40 to 0,90. The rosults include the
‘pressure distributions, 1ift, span loedingg, pitching moments, clevator
hinge moments, and tab characteristics. Some date are also presented
which show the effocts of fixed trensition at the 10-percont-chord
station on both the upper and lower surfeccs of the model.

SYMBOLS - -

: aée'ed. of sound in unﬂlisturbed streem
span of model, :t‘éet (2) |
span of one elevator, fect (0.959)
eied%ion choré. of model, feot

root-moan—‘sqﬁam chord of olovator measurod behind hinge
axis, feet (0.156)

meon eerodynamic chord of ‘modol, feet (0.519)
elovatc;r hinge nlloment ¢ |
Mach number in undigturbed stream (V/a)
statié prossufe in undigturbed stream

local static yressure at point on model

- P
Pressurc coefficient ézq——-) ' .
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cr

< U o

Cmg /1,

pressure coefficient corresponding to attainment of local
epeed of sound at some point on model

dynamic pressure 1.n undisturbed stream (%-pve)

gross area of model, square feet (0.998)

velocity of undisturded stream

distance along chord from leading edge of airfoil section
distance along semispan from center line

angle of attack

control surface deflection with respect to chord line;
positive when trailing edge is down

nmass density of undisturbed streem

elevator hinge-moment coefficient 5 5
qbe"é

resultant pressure coefficient across elevatcr seal

\Pbelow seal Pabove seal ) e %

c
section normal-force coefficient ‘\af {PL = Pyj dx\
C. 0 . 2 .,,I,
section pitching-moment coefficient about 25-percent-chord
/
1 . [y
station K;é L \Py - .I’L)(\x X ¢ dx)

.

) ‘o (D)2
normal -force coefficient (5 cne dy

\, ~0 /
pitching-moment coefficient abcout 25-percent-chord qtation

J - \
.E_ b/Ec 02 d,y)
Sc! o m

\
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a /8,8
o)
Cha’ 6,/!‘7-151‘:
/30,
h, (>
b‘l‘; kabt'la‘ &
1 2
38"
"o
tch,o-
)
%y, “ |5 |
» AT
oCyy
O ( )
5 55:.“,%
% = {3
/Oy »By,

The subscripts ocutside the parentheses indicate the factors held
constant during the measurement of the paremeters.

Subecripts:
L lower surface of airfoll section
t tadb
U upper surface of airfoil section
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APPARATUS AND MODEL

The Langley 8-foot high-speed tumnel, in which the tests were
conducted, is of the single-return circular-cross-sectlon, closed-
throat type. The air-stream turbulence in the tunnel is small but ig
slightly higher than in free eir. For these tests the eirspeed was
continuously controllable to a choking Meach number of 0.950
(wncorrected for tunnel-wall interference).

The horizontal-tail model tested had an NACA 65-108 airfoil
section, an aspect ratio of 4.01, a taper ratio of 2.01:1.00, and no
dihedral. The model was equipped with & 0.30c seeled, unbelanced
elevator and e 0,10c plain trim tab which hed a span equal to
50 percent of the elevator span. The nose radius of the elevator was
approximately one-half the airfoil thickness at the hinge axis. The
model was constructed of medium herd brass except for the right
elevator which was constructed of duralumin. Other pertinent data
for the model are givea in figurs 1 and in tables I end II. The
ordinates for the NACA 65-108 airfoil section are given in teble III.
From the 7O-percent-chord station to the trailing edge the
NACA 65-108 airfoil section was medified to make the sides of the
elevator and trim tab straight. The model was designed to operate
with the cambér surface on the bottom. Thus the “lower surface"
ordinates specified in table III are for the camber side of the
airfoil. The sizc of the model was kept small to insure the
attainment of & ‘Mach number of* 0.90 without choking the tunnel,

The right elevator, on which the elevator hinge moments were
meesured, was attached to ths stabilizer by needls-bearing hinges
of negliginle friction. Detalls of the scaled gap between the
stebilizer and the right elovetor ere shown in figure 1. The
electricel strain gage used to mossure the elevator hinge moments
was fastened to a special friction clemp which also permitted
edjustment of the elevator angle. Static calidbrection tests were
made of the right elevator to permit correcticn for elevator
deflection under load; theso corrections have bteoen applied to the
hinge-moment date.

The left slevator, on whlch pressures were mcasured, was
attached to the stabilizer by means cf fristicn hinges. The gep
betwsen the stabilizer and left elevator was sealed with shellac.
Twenty static-pressure orifices were placed at cach of four stations
elong the span on the left helf of the horizontsl tail model. The
spanwise locations of the stations in percent of the semispan are
15, 40, 70, end 90. The approximete chordwise loca*ions of these
orifices at each station are shown in figures presenting pressure-

CONFIDENTIAL
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distribution data, Trim tebs at fixed angles of deflection of 0°

and $+10° could be-fitted into the trailing edge of the elevatora as .
shown in figure 1. This type of comstruction simulates hinged trim

taba with the gap sealed.

The model waa supported in the tunnel by means of a vertical
support plate which is described completely ir reference 1,

TESTS

All 1ift and pitching-moment dete were obtained from pressure-
distribution measurements, and all elevator hince-moment data were
obtained by use of the electricel atrain gage, Tho measurements
were made for anslea of atteck from -6° to 5° for an eclevator
deflection of 0C, end for angles cf attack from -2° to 5° for
elevator deflections of 12,59, 150, -10°, end -15°, Some of the
tests were repeated with trim tebs set ut deflections of t10° on
the elevator. The Mach number range extended from 0,40 to 0,90
(corrected values)., Data are also shown for an uncorrected Mach
number of 0.925, The Reynolds number based on the gean serodynamic
chord of the model {0.519 fg) varied from 1,25 X 10° at a Mach
number of 0.40 to 1.92 X 10° at a Mach number of 0.90, Teats were

mede with & 3-inch-wide stiip of No, 60 carborundum grains giucd to

1
both the upper and lower surfaces at the 10-percent-chord atation of
the model in ordsr to determine the effectas of fixing transition,

REDUCTION OF DATA

The test data presented herein have been corrected for tunnel-
wall interference., A complete deacription of the corrcctions is
given in reference 1. The corroctions have been applied to all data
obtained at Mach numbers up to and incivding 0.90, The magnitude of
the corrections was found to be very smell, the maximum correction
to the Mech number being epproximately 1 percent. Tho maximum
correction to the dynamic pressure was orly ebout ? percent,

The tunnel choked at the model at a Mach number of 0,95,
Numerous tests have indicated that tho data ottained in a wird tunnel
when it is choked at the model are not applicable to the prediction
of the acrodynamlic characteristlica for free air (for example, Bee
referenco 5) and therefore no data are presented for the choked
condition. There was also & nercevntible tendency towards choke at a
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Mach number of 0.925. The -results obtained at this Mach number,
even if completely corrected for the usual effects of wind-tunnel
wall interference, may not, therefore, indicate the flight
characteristics. The data which have been included herein for a
Mach number of 0,925 are therefore considered to be of uncertain
value,

RESULTS AND DISCUSSION

Pressure-Distribution Measurements

Pressure distributions for the 4O-percent-semispan station for
elevator deflections of 0°, 159, and -15° and a tab deflection of 0°
are presented in figures 2 to 5. Similar data for the hO-percent-
semispan st.ation and the 9o-percent-semiapan station for an elevator
deflection of 0° and a tab deflection of =10° are shown in
figures 6 and 7. The data shown are considered to be representative
of the changes that occur in the pressure distributions for each
spanwise station and, in general, for the chordwise changes in
pressure distribution due to control surface deflections. The
effect of control-surface deflection on the chordwise pressure-
distribution diagrams is shown by comparing figures 3 to 6 with
figure 2. The effect of tab deflection cn the chordwise pressures
at two spanwise stations can be seen by comparing figures 6 and 7.

Normal -Force Characteristics

’

The chordwise~-pressure-distribution diagrams have been integrated
to obtain section normel -force coefficlents and pitching-moment
coefficients. These coefficients have been used to determine the
spanwise variations in section loadings and pitching moments. The
spanwise variations in section loadings for elevator deflections
of 0°, +5°, and -15° with the tadb deflect.ed. 0° and for an elevator
deflection of O° with the tab deflected *10° are presented in
figures 8 to 13. Figure 14 1llustrates the spanwise veriation in
span-loeding ratio for elevator deflections of 0° and #5°. The
theoretical curve for the span-loading ratio has been obtained by
use of charts presented in reference 6, The effects of compressibility
on the spanwise loading for various elevator deflections (figs. 9
to 11) are seen to be similar to the effects of the data shown for
zero elevator deflection. (See fig. 8.) Of more significaice,
however, is the fact that for all the élevator deflections (fig. 1h)
no adverse spanwise shift in loading occurred up to an uncorrected
Mach number of 0.925. The effect of tab deflection on the spanwise
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loeding can be seen by comparing figures 12 and 13 with figure 8.
The tad extends from the root to the 50-percent semispan stationm,
and. this area is principally affected by the tab.

The spanwise load distributions have been integrated to determine
the total normal forces - The variation of normal -force cgefficient
with Mach number for several angles of attack and control -surface
deflections is presented in figure 15. The variation of normal-
force coefficient with Mach number for a range of angle of attack
and elevator deflection with the tab deflected 0° and with transition
fixed on both surfaces is shown in figure .16, Lerge changes in the
normel -force characteristics for elevator deflections in the range
of 15° generally occurred above a Mach number of about 0.85. The
slope of the 1lift curve (fig. 17) also showed a decrease above a
‘Mach number of 0.85. The decrease in lift-curve slope CNm vas

accompanied by a negative shift in the angle for zero lift. The
high Mach numbers attained before these changes occur is due partly
to the low aspect ratio (reference 7) end to the smsll thickmess
ratio of the horizontal-tail model.

Figufé 17 also shows the effect or ccmpressibility on the lift-
curve slope CNS produced by deflection of the elevr.tor. For small

elevator deflections, the slope CNB increased up to a Mach number

of 0:85 and then decreased rapidly. In general, the elevator was
‘effective in producing changes in 1ift for all ele .tor édeflections
tested up to a Mach number of 0.85; however, for small elevator
deflections (15°) the effectiveness was reduced. (See fig- 15.)

The control surfaces were effective in producing changes in the
loading over the stabilizer only when the local veloclties over the
stabilizer remained subsoric., When the flow over the airfoil was
largely supersonic, deflection of the control surface had relatively
little effect on the suporsonic flow ahead of it. {See reference 8.)
This effect was particularly true for the small control-surface
deflections (8 = ¥5°). Although some control effectiveness was
indicated [or all elevator deflections at speeds considerably above
the critical speed, a better degree of control effectiveness can be
maintained by resorting to large elevator deflections. Figure 5
shows that for an clevator deflection of ~15° for angles of attack
of 0° and’ -2° end up to a Mach number of 0.909 the pressures on the
upper surface were increased.so that no supersonic velocitles existed
on that surface. Fecr this condition, deflection of the elevator
produced changes in loading over the stabilizer upper surface. As
shown in figure 17, for a large elevator angle (-10°), the value.

of Cyg increases at Mach numbers atove 0.85, whereas for small angles

a loss. of effectiveness is noted. The large angles, however, require
the application of large hinge moments which may be beyond the physical
capabilities of the pilot.

CONFIDENTI:L
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The elevator effectiveness factor ag, which is the ratio
of Cyg to Cng, is shown in figure 18. Tor small elevator

deflections the elevutor effectivencss decreased from a value of 0.67
at a Mach number of 0.40 to 0.48 at a Mach number of 0.85 and to a
velue of 0.15 at an uncorrected Mach number of 0.925.

Transition was fixed at the l0-percent-chord station in order to
determine the asrodynemic cheructeristics of the horizontal tail with
a turbulent boundary leyer such as might exist over & full-scale tail.
The most notable effect of fixing the transition was the reduction in
the lift-curve slopes cNa, and CNB (fig. 17) and in elevator

effectiveness ag (fig. 18).

Pitching-Moment Charecteristics

Pi tching-mowent mnfficients based on the mean serodynamic chord,
vhich indicate thu twisting moments that may be encountered on the
horizontal tail are presented in figure 19. The variation of
pitching-moment cocfficient with Mach number (below a Mach number
of 0.85) for various sngies of attack and for elsvator deflections in
the renge of -5° (fig. 19) is genorally smell., For angle,s of attack
of 0° and -2° and for elevator deflections of -10° and -15° the
pitching-moment coefficients showed & continuous positive increzse
throughout the Mach number range. The variation of pitching-moment
coefficient with normel-force coefficient for & = 0° and &g = O°
is shown in figure 20.

Elevator Hinge-Moment Cheracteristice

The variation of hinge-moment coefficient with clevator
deflection is presented in figures 21 to 23. Figures 24 and 25,
which woere obtained from figures 21 to 23, show hinge-moment-
coefficient verietion with Mach number and hinge-moment-cocfficient
variation with angle of attack, respectively. The hingo-moment-
coefficient variation with clevz.tor deflcction, Mach number, and angle
of sttack with transition fixed is shown in xig,ures 26, 27, and 28,
respectively.

No large changes in the elcvator hinge-moment coefficients
occurred for small elevator defloctions up to a Mach number of 0.85.
(See fig. 24.) At greator Mach numbers merked changes in the hinge-
moment characteristics occurrcd for all elecvutor deflections.

CONFIDENTIAL
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The effect of compressidbility on the usual hinge-moment
parameters
aﬂ. 5-00’ 5tl=0°

a=0°, 8;=0°

and

with Mach number with and without tiansition fixed is shown in
fimure 29. These slones are the avarege values for angles of atteck
from -1° to 1° and elevator deflections from -1° to 1°. 1In general,
the hinge-moment parameters indicated little variation below a Maclq
number of 0.825, In the range of Mach number from 0,85 to 0.925

the hinge-moment persmeters showed larse and irreguler variations,
Fixing transition made the perameter cha. slightly more negative,

‘the parameter chB less negative, and lessened the severity of the
compressibility effects on both these perameters, )

Visual readings of the strain-gage recording instrument were
made in order to determine the magnitude of the hinge-moment
fluctustions. Low-frequency hinge-moment fluctuations were observed
which, at a Mach numver of 0,90, amounted to approximately 10 percenmt
of the value of hinge-moment fluctuation rerorted in referecnce 9.

Data on everage resultent pressure ccefflicient AP across the
elevator seel ere showm In figure 30, The resultant pressure
coefficient AP across the seal may be uscd in designing ths balence
of an internally sealcd elevator. In general, the variation of tke
resultant pressureo coefficient with elevetor doflect* on is approxi-
mately linear for elevator deflections from -6° to 5 up to a Mach
number of 0,878, For the larger elevator deflections, & decreasc in
resultant pressurc coefficiont per degrcs of elevator deflection
occurs, At the higher Mach numbers, that is,.0,905 and 0.925, a
decrease in resultant pressure cocfficiont generally occurs for
elevator deflections from -3° to approximately 5° with en increcasoc
forr the larger negative elovator deflections.

Tab Characteristics

The ability of the tadb to produce changes in elevator hinge-
moment coefficlents *s shown In figur:c 27, The ted cffectiveneas ch&
t
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is presented in figure 31 which shows that the -tab is effective
throughout the Mach number range. Of narticular interest, however,
18 the effectivoncss of the tad when used as a control trimming or
balancing device. The rate of chenge of clevator deﬂection with

tab deflection to prod.uce zZeTo elevator hinge moment —--
Chl'O

is showh in figure 32, In general, thé tad was effective in |

trimaing the clevator throughout the Mach nmbcr range, Because clb

incroased at a much fastsr rete than chb at Mach numbers greater

then 0 85, however, it was found that approximtely 30 percent more
tadb deflection was necossary to balance thc elevator at a Mach
numbor of 0,90 than was required at a Mach number of 0,40,

. SUMMARY omj,.msmms

Tcats of a horizontal—tail model vith an unbalancod olevator
indicated the follow!ng results:

.1, Tor amell elevator dsfloctions and for Mach pumbsrs up
to O .85 thore wetre no adverso changes in the lift-curve slopes,
control-surfaco offectivoncss, and hinge-moment pammeters.

2, At Mach numbers in the range of 0.85 to 0,90 the valwes of
the lift-curve slopes and the clevator cffectiveness decrcased
rapldly, end the nceative value of the clevetor hinge-moment
parametor Ch ‘ncreesed ebruptly. The teb, howcver, retained its

effectiveness in profucing incrcments ‘n olovator hinge-moment
coefficionts throughoit the Mach number range of- the tests.

3. Fixing transition at the l0-purcentechord station on the
upper and lowcr surfacds rcduced . the velues of the 1lift-curve slopes
and the elevator effectiveness. The valus of the hinge-moment
parameter 'Z:hB was also reduced thresughqut the Mach number range.

Langley Memerial ..ercnautical Labpratery

Natisnal advisory Conmittee for /.erenautics
Langley Field, Va
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TABLE I
DIMENSIONS OF HORIZONTAL-TAIL MODEL

Horizontal tail:

ALTTOTL BOCEYON e, .8 Loksan Sinsmcns e it NACA 65'1)8
Span,feet.......-..........2
Gross area, square feet « + o « o o o o o 0,998
M.A.C.,feet......,........0.519
Aepectratiooooocooo-occoo. h-01
Taper b o IRESU ARG A o 6 0 0 o o 2,01:1,00
Elevator:
Spa-n,fQQtocoocooooooooooolc,Q79
’ Gross area of elevator behind ¥
hinge axls, square feet . « ¢« o « o « o 0.297
Root-man-sqmre Chord, feet o ¢ ¢ ¢ ¢ o o 0-156
% Ratio elevator chord to airfoil chord . . 0,300
Treiling-edge angle, degrees « « « ¢« ¢« o ¢ 975
Tabs
Num'beroftabe....-...........2
Spen of each tab, 86t o« o o o o o ¢ o o o 0,40
Totel tadb area, squars feet o o v o o+ o o 0,057
Mea.nchord.,feet........-....0.059
Ratio tab chord to elevator chord ., . « « 04323
[ ] L [ ] L 0.50

Ratio tab span to elevator span .

NATIONAL ADVISORY
COMMITTER FOR AFPONAUTICS
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TABLE II

DIMENSTONS OF TIP SHAPE OF HORTZONTAL- e
TATL, MODEL IN TNCEHES

[éym‘bols defined in figure 11

i}
Plen-form contour of tip l
Distence from y y
Wy x . 5 E
o0’ 1,200 -=1.200
.010 1.5%5 -.664
020 1.697 -.407
.050 1.9%0 -.080
080 © 2,110 J1h5
.100 2.103 .266 3
200" 2.493 .678
.300 2.67% .930
500 Q.Ql 1.083 .
V500" ° 2.8715 1.18
.600 2.932 1.24k
.720 2.971 1.273
" Elevationh contour of tip
.| Distence from ¥ v,
tip X - . U L
0 0 o
.010. 031 oh2
.020 Kot~} .058
.050 065 .086
0% 078 105
.100 .08 Ak
.200 .110 .1k5
. 300 125 .64
100 .13% 176
. 500 L1kl 184
.600 .1k5 .188
.T20 147 o2
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
CORFITENTIAL
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TABLE III
ORDINATES FOR NACA 65-108 AIRFOIL (INVERTED)

[Stations and ordinates in percent of wing chord]

Upper surface Lover surface

Station | Ordinate| Station | Ordinate

0] 0] 0 0

526 A01 Tk -.651
o 179 o720 o121 -«T90
1.283 .890 1,217 -.998
2.537 1,173 2,462 -1,359

5,081 1,587 4,959 -1,903
7.5h2 1,906 7.458 -2,330
10,0h2 2,174 9.958 -2,690
15,040 2,595 14,960 -3.267
20,037 2,91k 19,963 -2,710
25,031 3.151 2h,969. | -h,0h7
30,026 2,319 29,97k -4,201
35,019 3.h2? 34,981 =h 1453
40,013 3.h62 39.9837 ~h,534
45,006 3.426 Lk 99 =h 522
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