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REPUBLIC XF-12 HORIZONTAL TAIL SURFACE

By H. G. Denaci

SUMMARY

Wind-tunnel tests of a 1/5-scale semispan model of
the Republic XF-12 horizontal tail surface equipped with
an internally balanced elevator were conducted in the
6- by 6-foot test section of the Langley stability tunnel.
The tests included measurements of the aerodynamic char-
acteristics of the horizontal tall with and without a
beveled trailing edge and also included measurements of
the tab characteristics. The variation of the aerodynamic
characteristics with boundary-layer conditions and leakage
in the internal-balance chambers, measurements of the
boundary-layer displacement thickness near the elevator
hinge axis, and pressure distributions at the mean
geometric chord were also obtained. %

The results showed that the hinge-moment charac-
teristics of the elevator were critical to boundary-layer
conditions and internal-balance leakage. Increasing the
boundary-layer displacement thickness by use of roughness
strips reduced the rate of change of elevator hinge
moments with tab deflection by about 20 percent. The
present horizontal tail appears to be unsatlsfactory for
1ongitudina1 stability with power on, however, an increase
in horizontal-tail 1ift effectiveness should correct this
difficulty. The maneuvering stick force per unit
acceleration will be extremely critical to minor variatians
of the elevator hinge moments if the elevator is linked
directly to the stick.

| BEREREEET TON

At the request of the Army Alr Forces, Air Technical
Service Command, tests were conducted of a 1/5-scale
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semispan model of the Republic XP-12 horizontal tail
surface. The XPF-l2 alrplane is a large, fast, high-
altitude photographic airplane of conventional design,
(See. flg.. 1)

These tests, as part of a series of investigations
of various components and of a complete model of the
XF-12 airplane, were conducted to obtain data useful in
the design of the XF-12 horizontal tail. Of general
interest, however, is the information obtained on the
effects of boundary-layer conditions and leakage on the
aerodynamic characteristics of the horizontal tail,

SYMBOLS

The coefficlients and symbols used in this report
are defined as follows:

Gs. 1ift coefficient (L/qS)

cy section 1ift coefficient (1/qc)

Ch hinge-moment coefficlent (H/qbc?)

Can pitching-moment coefficient about quarter chord
of the mean geometric chord (M/qc'S)

Cp drag coefficient (D/qS)

APy pressufe coefficient across internal balsnce
(pressure below baglance minus pressure above
balance divided by free-stream dynamic
pressure )

P pressure coefficient (local static pressure minus

free-stream static pressure divided by free-
stream dynamic pressure)

6%#/c  boundary-layer displacement
(o]

; u i

thickness T s d(—)
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M

ol

ctf

P(p) = Pre)

leakage factor Lsi=
Srepl Ziad

pressure difference across balance of
internal balance

applied pressure difference across vents of
internal balance

overhang factor of complete

elevator < > Q_Z_)Z bb

overhang factor for elevator root

2
1/2 bbl
chamber (corre-
ca/ be
)

sponding for Fy and F5

1ift of the semispan model

section 1ift

hinge moment of control surface, positive
when tending to rotate the trailing edge
down

pitching moment of semispanlmodel

drag of semispan model

area of the semispan model

local chord

mean geometric chord

root mean square chord

span

root mean square thickness of elevator at
elevator hinge axis

| ottt
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u local velocity in boundary layer

U local velocity outside boundary layer

Yy distance normal to surface of airfoil at which
local velocity is measured

a dynamic pressure (%pv2>

R Reynolds number CEE£)

7]

v free-stream velocity

P mass density of air

o8 viscosity of air

a angle of attack

&) _control surace angle relative to surface to which
it is hinged, positive when trailing edge 1is
deflected down

] trailing-edge angle

Subscripts

e elevator

t tab

b balance

1 root chamber

P center chamber

D tip chamber

Slopes

O 7 (bCL/ba)é 5

& oo
L@e

es~t

(acL/Bae)a,ﬁt
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CLét = (5CL/55t)a,5e
Che,, :"(éche/éa)ae,ét
Cheﬁe = (0pe/30e)q 5,
Cheét 3 (éche/bét)a,ée

Cny = (30ny/2a)5 o

BT RB/0% gt
= (3Cp, /36
(8P)g = [3(8P)/0aYy 4
€

(8P)g_ = [2(2P)/30c]q, 5,

Cma = (éCm/’éalﬁe,@t

Pq = (bP/ba)5 6,
e

Pl oss (ap/aae)a’at

where symbols following parenthesis indicate factors
held constant and angles are in degrees.

APPARATUS AND METHODS

Model

The 1/5-scale semispan model of the Republic XF-12
horizontal tail 'used in these tests was furnished by

ﬁﬁﬂﬁﬂ!ﬁﬂ!!ﬂﬂ
U“\‘CLHSSlF!EP
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the Republic Aviation Corporation. Various photographs
of the model are given in figure 2 and a sketch showing
the pertinent details of the model 1s given im figurs 3.
The tab gap was unsealed for all the tests. The
ordinates of the horizontal-tail airfoil contour are
presented in table I.: Up to the 50-percent station
these ordinates are the same as those of the NACA 651—012
airfoil; to the rear of this station the ordinates were
modified so as to eliminate the cusp. The trailing-edge
angle of the elevator was 16° over the inboard, 90 per-
cent of the elevator semispan, and decreased to 13° at
the elevator tip. The geometric characteristics of the
model are presented in table II.

The internal balance of the elevator was divided

into three spanwise chambers at the hinges. (See fig. 2.)

The nose and ends of the internal-balance plate in each
chamber were sealed to the front of the balance chamber
and to the sides of the hinges, respectively, with a
continuous strip of flexible material. In order to
determine the effect of leakage on the characteristics
of the internal-balance elevator, 3/16-inch holes were
drilled through the internal-balance overhang at the
chordwise location shown in figure L. The first hole
was drilled 1 inch from the root end of the internal-
balance overhang and succeeding holes were progressively
3paced 1 inch between centers.

A built-up beveled trailing edge was added to the
elevator outboard of the tab for the beveled-trailing-
edge tests. A sketch of a typical section of the
beveled-trailing-edge elevator is given in figure .
The trailing-edge angle of the beveled elevator was 167
over the tab, 25° outboard of the tab to 90 percent of
the elevator span, and decreased to 22° at the elevator
tip.

Installation

The semispan model of the XF-12 horizontal tall was
mounted horizontally in the 6- by 6-foot test section of
the Langley stabillity tunnel with the root end of the
horizontal tall adjacent to one side of the test section
which acted as a reflsction plane. (See fig. 2.) The
model was supported entirely by the balance frame so
that all the forces and moments acting on the model
could be measured. The porticn of the model forward of

t
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5l percent of the root chord protruded through the disc
in the tunnel wall to the balance frame; the clearance
between the model and the disc was sealed with flexible
material. An open gap of 1/16 inch was left between
the vortion of the model to the rear of 5L percent of
the root chord and the tunnel wall. Elevator hinge
moments were measured by a spring-torque balance linked
to the elevator, Tab hinge moments were measured with
a straln gage mounted in the elevator,

Tests

Tests were made of the horizontal-tail model with
and without a beveled trailing edge for a range of
angles of attack from -13° to 10° and for a range of
elevator angles from -2,4° to 1l,.5°. These tests
included measurements of 1ift, elevator hinge moment,
pitching moment, drag, and pressure difference across
the balance for both the smooth model and the model
with roughness strips. The designation "smooth model"
corresponds to the condition of free transition on the
smooth, highly polished model. The "roughness strips"
were strips placed on the smooth model at a constant
percent of the horizontal-tall chord on both upper and
lower surfaces, The strips, whose average height was
approximately 0.0007 of the mean geometric chord, were
prepared by cementing no. 60 carborundum particles to
the back of cellulose tape in a strip 1/i-inch wide,

Measurements of tab hinge moments were made on the
horizontal tall without a beveled trailing edge for a
range of tab angles from -10° to 25° on both the smooth
model and the model with rqughness strips at 0.25c.
Leakage tests were made on the horizontal tail with
roughness strips at 0.25c with one, two, and four inboard
holes in each chamber open and with eight holes in the
root and center chambers and six holes in the tip chamber
open.

Pressure distributions were obtained on the smooth
model at the spanwise location of the mean geometric
chord. THe pressures were measured by a single-tube
Static mouse attached to the upper surface of the model
and moved to various chordwise locations. A previous
calibration of the static tube against surface orifices
in a model indicates that the pressure coefficients

SRRt i

o
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obtained with the static tube are in the order of O
to 0.05 more positive than static surface orifices.
Velocity profiles were also measured in the boundary
layer at 0.65c at the spanwise location of the mean.
geometric chord, These measurements were made with a
mouse consisting of six total-head tubes at various
heights above the alrfoil surface and one static tube
approximately 1/2 inch above the surface., Pressure
distributions and boundary-layer measurements for the
lower surface of the model were obtained by reversing
the angle of attack and elevator angle from the condi-
tions at which measurements were made for the upper
surface.

All the tests except those specifically labeled
on the figures were made at a dynamic pressure of
6ly.3 pounds per square foot. The corresponding air-
speed under standard sea-level atmospheric conditions
is 159 miles per hour and the Reynolds number based on

the mean geometric chord is 2.76 X% 106. A few force
tests were made at a dynamic pressure of 98.3 pounds
per sqguare foot and a few boundary-layer tests were
inadvertently made at a dynamic pressure of 39.7 pounds
per square foot. The corresponding Reynolds numbers are

3.1 x 100 and 2.16 x 106, respectively.

Leakage Determination

The completeness of the internal balance seal in
each of the chambers was determined by pressure measure-
ments. A rectangular box was placed over the vent on
the upper surface of the model and a pressure differ-
ence was applied across the vents of the internal
balance as shown schematically in figure 5. If the
internal-balance chamber were completely sealed, the
leakage factor E would, by definition, equal zero.

Measurements of the leakage factor were made for a
series of applied vressure differences from 0 to

aporoximately %q for each of the model configurations

tested. When determined for comparable seal conditions,
the value of E varied in the order of 10.02, consequently,
all values of E glven are average values. The seal 1In
the internal-balance chamber was complete except at the
hinges just under the rear end of the cover plgtes. It

is believed that the variations in E were caused by
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the seal assuming slightly different positions at the
elevator hinge for the various times that E was
determined.

Corrections

Lift, elevator hinge moment, pitching moment, drag,
pressure difference across the balance, and angle of
attack have been corrected for effects of the jet
boundaries by the general methods of reference 1., The
values used for these tests are:

CL = O.987CL'

Op, = On ' + 0.0060Cy,

U= C

m' + 0.0109C;

Cp = Cp' + 0.0198¢.2

AP7 = APy 0.018¢
) 1 _ ¥

APy = 4Bo' - 0.01L4C,

AP3 = AP5' O.OlECL

a=a' + 1.550L

where the primed symbols indicate the uncorrected values.
The correction to the tab hinge moments was estimated to
be negligible and, consequently, was mot applied,

No corrections for jet-boundary effects and inter-
ference effects between the mouse tubes and the model
have been made to the pressures measured in the pres-
sure distribution and boundary-layer tests. Also, no
corrections have been made for the effects of the
tunnel-wall boundary layer at the root of the model or
for the gap between the rear portion of the root section
of the model and the tunnel wall.
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RESULTS AND DISCUSSION

Presentation of Data

The results of this investigaetion are presemted in
figures 6 to 20, A summary of some of the aerodynamic
characteristics of the various modifications tested is
given in table III. The slopes were obtained over a
small range of angles of attack and elevator and tab
angles at approximately a = &g = 6 = 0°, - It will be
noticed that several values of the slopes for the
horizontal tail are given for identical test conditions.
These differences represent the accuracy with which the
results could be repeated.

The values of (AP)q, (AP)ée’ and E given are

weighted mean values for the three internal-balance
chambers, that is,

(AP),. Py + (AP). By 4 (AP)g . F
(8p), % Tihel gg¢ i

F

and correspondingly for (AP)6 and - E.
e

Although pressure differences across the balance
were measured for all three internal-balance chambers,
only the results for the root chamber are presented in
the plots. Pressure differences for the center and tip
chambers, when neither the horizontal tail or the
elevator are stalled, may be estimated from the following
empirical relations,

1

AP, = 0,97AP,

APz = 0.78AP1

These relations were obtained from a comparison of the
pressures in the three chambers for various angles of
attack and deflections. These relations apvly to the
model both with and without the roughness strips or
bevel and are approximately correct for the tests with
additional leakage. Beyond the stall no definite
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relation was found for the pressure differences in the
three chambers,

Boundary-Layer Measurements

It was considered desirable to simulate on the model
the calculated boundary-layer displacement thickness just
ahead of the elevator hinge axis so that the aerodynamic
characteristics of the model may more nearly represent
the characteristics of the horizontal tall in flight.

The Reynolds number of the horizontal tall of the
XF-12 airplane flying at ;00 miles per hour at
;0,000 feet altitude (the design cruising condition)

is approximately 107. Because the airplane horizontal
tail may under some conditions of flight be operating

in the slipstream and because the surface roughness of

a combat airplane may be relatively large, the transition
in flight may occur near the nose of the horizontal tail.
Unpublished theoretical calculations of the boundary-
layer displacement thiclmess &i/c at 0.65¢ on the

NACA 651—012 airfoil with transition at the leading edge
and at R = 107 gave a value of ©&%/c of 0.00157 at

cy = 0. The boundary-layer displacement thickness may

be considered as the thickness to be added to the air-
foll contour to obtain the effective airfoil contour.l

The velocity profiles through theé boundary layer,
measured on the horizontal-tail model, are shown in
figure 6. Values of &i#/c are given in figure 7. A
comparison of the measured and theoretical values
of &%/c . indicates that with strips on the model
at 0.25c, the theoretical boundary-layer conditions on
the airplane were approximately simulated at a = &g = Q°,
As the 1lift ccefficient is varied by changing the angle
of attack, &x/c 1increases more rapidly on the upper
surface and decreases more rapidly on the lower surface

than was calculated theoretically for the NACA 657-012 air-

foil with transition at the leading edge and with R = 10,
It 1s apparent, therefore, that in order to simulate the
theoretical boundary-layer conditions for other angles

of attack and deflections, the strips must be relocated
on the model for every conditiongd. Since the roughness
strips were not relocated on the model for every condi-
tion, the effect of the roughness strips determined in
this investigation does not simulate the effect of
movement of transition on the actual horizontal tail,

FE RN R E AL E AR -
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The location of transition on the smooth model was not
determined. (See fig. 7.)

Aerodynamic Characteristics of the Horizontal Tail

The coefficients of 1ift, elevator hinge moment,
pitching moment, drag, and pressure difference across the
balance of the horizontal tail are given in figure 8
for the smooth model and in figure 9 for the model with
roughness -strips at: 0:25¢c. . The:leakage Pactor iR
changed during these tests; however, a study of the test
conditions, the model, and the data indicate that the
tests of the smooth model were made at E = 0.03%3 and the
tests with the roughness strips at 0.25c were made
between E = 0.0%5 and E = 0.12.

Because the angles of attack for which the data were
obtained in figures 8 and 9 were not close enough to
define completely the curves of Che against a and

because of the differences in the leakage, additional

tests were made of the horizontal tail. The results of
-these tests are presented in figure 10. For the smooth
model the curves of Che against ¢ are approximately

linear between -2° to 2° and at these limits abrupt
changes occurred. Although it is not apparent in the
drag of the complete model, this range corresponds
approximately to the low-drag range of the airfoil. It
is believed that, as the angle of attack increases
beyond the low-drag range, transition on the upper sur-
face abruptly moves forward with a corresponding large
increase in ©6%/c over the rear portion of the airfoil;
whereas, on the lower surface transition gradually moves
rearward with a corresponding decrease in 6&:/c.  Such
changes in 0#%/c produce a change in effective camber
which results in positive hinge-moment increments for
positive angles of attack, It is also expected that the
larger the trailing-edge angle the larger the change in
hinge moments. By limiting the movement of transition
(placing roughness strips near the airfoil leading edge),
it 1s believed that the changes in ©6#%/c with angle of
attack become more gradual. Figure 10 shows that the
roughness strips reduced or eliminated the abrupt changes
in the hinge-moment curves with an attendant positive
increase in Cpg over the small range of angles of
attack. 5
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The effects of boundary-layer conditions on the
variations of Cr and AP with a were 8o small as
to. be within the accuracies of the tests. The variations
o iy » Cr. » and (AP)s_, with boundary-layer

ege ée e
conditions are, however, of relatively large magnitude,
(See fig. 10 and table III). These variations are such
that Ch85 becomes more positive with roughness

e

and . C and (AP)ae become more negative.

J_~5e
The roughness strips at 0.25c on the model were
intended to duplicate the flow conditions on the actual
horizontal tail at small deflections only. At large
elevator deflections, 1t is believed that the smooth model
more nearly represents the conditions of the actual
horizontal tall because the roughness strips hastened
rather than delayed the separation over the elevator.

Aerodynamic Characteristics of the Horizontal Tail
with a Beveled Trailing Edge

A beveled trailing edge was added to the elevator
outboard of the tab to provide data on this means of
increasing the balance of hinge moments. The bevel was
only added outboard of the tab so0 as not to decrease the
tab effectiveness. The incremental effects of the tab,
therefore, should be directly applicable to the beveled
elevator.

The results of the tests of the beveled-tailing-
edge elevator on the smooth model and the model with
roughness strips at 0.25c are given in figures 11 and 12,
respectively. A comparison of the effects of roughness
is given in figure -15. In figure 12, the points at
a .00 for various elevator deflections (the tests were
run at constant a 1in the tunnel against 06g; the

variation of a 1is caused by the jet-boundary correction)
were ignored in the fairing because of the unusual char-
acter of the results for that run. The run was not
checked but all other tests indicate the fairing to be
more reasonable than the actual points.

The effects of boundary-layer conditions on the
aerodynamic characteristics of the beveled-trailing-
edge elevator (except for the one unusual run) were
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similar to but, as to be expected, of greater magnitude
than those described for the elevator without the bevel.
The extremely critical nature of model surface conditions
on the variation of Che with “ia@ is=illustrated in

figure 13. Results are shown for a test of the model
without strips but with a considerable number of small
particles (insects present in the tunnel at night) on

and near the airfoil leading edge. This case gave almost
the same results as roughness strips at 0.05c.

Tab Characteristics

The results of the tests of the tab on the elevator
without a beveled trailing edge are given in figure 1l
for the smooth model and in figure 15 for the model with
roughness strips at 0.25c. The tab tested is capable of
trimming to zero the elevator hinge moments of only -10°
to 10° elevator deflections at all angles of attack for
tab deflections of 25° to -25°. At positive angles of
attack, however, the tab is capable of trimming -15°
to -20° elevator deflections, depending on the boundary-
layer conditions. It appears, nevertheless, that for
the airplane in the landing or take-off conditions a
tab of greater span or chord may be necessary when
large up-elevator deflections are required. The tab
effectiveness Che6 can also be increased gpproximately

t
25 percent by sealing the tab gap. (See reference 2.)

The roughness strips reduced the value of C b
dhout. 20 percent. Ragy et

Effect of Leakage

A practical installation of an internal balance
will, of necessity, have some leakage for draining
condensation. In order to determine the effects of
leakage, tests of the horizontal tail were conducted
with wvarious numbers of holes through the internal-
balance plate simulating leak area. (See fig. 16.)

The effect of the holes on the leakage factor of the
individual chambers is given in figure 17(a). The
variation of the aerodynamic characteristics with the
weighted mean leakage factor are given in figures 17(b)

to 17(d). Since it is apparent that the characteristics
of ‘an internal balance are critically dependent on
leakage, it is suggested that manufacturers and maintenance
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crews give consideration to the pressure-measurement
method of checking the completeness of the seal on all
internally balanced control surfaces.

It is usuvually assumed that the balancing action or
increment of hinge moment produced by the overhang in
an internal balance is directly proportional to the
product one-half the overhang factor times the pressure
difference across the balance. The data of figure 17,
however, show incremsnts of Chea and Cheﬁe with

leakage which are less negative than those calculated
from the balancing oressure (AP)a and (AP)5

Although leakage may cause negative increments in chea

and Che6 of a plain control surface when the pressure
e

recovery over the rear of the airfoil is unusually
adverse or when the trailing-edge angle is small,
the data of reference 3 show tnat tpe 1ncremerts

of Chea and Ch65 due to leakage will become
e

increasingly positive as the trailing-edge angle 1is
increased.

The effect of leakage on CLa was so small as to

be within the accuracy of the tests. For the‘range of
leakage tested, however, leakage caused approximately a
9-percent reduction in CLG

Pressure Distributions

The results of pressure—distribution tests on the
smooth model of the horizontal tail without the bevel
for several angles of attack and elevator deflections
are given in figure 18. Because of the differences in
the readings of the static mouse tube and a surface
orifice, it is advisable not to use the pressure distri-
butions where a high degree of accuracy 1is required. The
variation of the pressure coefficients with angle of
attack and elevator deflection, as determined from the
data of figures 18(a), 13(b), and 18(c), is given in
figure 19,

umcu\s@ IFIED
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Some Estimated Characteristics of the XF-12 Airplane

In the absence of tests of a complete model of the
XF-12 airplane, an estimate was made in the Stability and

Control Section of the Langley Flight Research Division of
the neutral point of the airplane with stick fixed and
propellers windmilling. The estimated neutral-point
location was 37.8 percent of the mean aerodynamic chord.
The airplane pltching moments caused by the horizontal
tail were based on the assumptions that the variation of
horizontal-tail 11ft coefficient with.tail angle of
attack is 0.070 per degree, the variation of wing-lift
coefficient with angle of attack is 0.08l per degree,
the variation of downwash angle with angle of attack

is 0.36, and the dynamic-pressure ratio at the tail

is 0.9. When the analysis is modified to take into
account the slope of the horizontal-tail 1ift-
coefficient curve obtalned in the present investiga-
tion, the revised estimated neutral point is 36.0 per-
cent of the mean aerodynamic chord, Since the most
rearward center-of-gravity position is 35 percent of the
mean aerodynamic chord, the airplane will be longitudinally
stable (stick fixed and propellers windmilling) on the
basis of these estimates., Assuming, however, that the
effects of power shift the neutral point 6 percent of
the mean aerodynamic chord further forwgrd, 1t is esti-
mated that a lli-percent increase in the horizontal-tail
1lift effectiveness will be required to make the airplane
neutrally stable with stick fixed at the most rearward
center-of-gravity location.

Estimates of the stick force per unit normal
acceleration are given in figure 20. These estimates
were made by the methods given in reference Iy using the
slopes of table III. It was assumed that the ratio of
stick movement to elevator deflection with tab fixed
is 1.80 feet per radian and that the ratio of stick
movement toc tab deflection with elevator fixed 1is
-1.20 feet .per radian. It is apparent from figure 20
that none of the model configurations tested are capable
of producing satisfactory variations of stick force
per unit acceleration over the center-of-gravity range.
Furthermore, it is apparent that if the airplane is to
be controlled with the elevator linked directly to the
stick, the stick force per unit accelergation will be
extremely critical to minor variations of the elevator
hinge-moment characteristics. The maneuvering forces
with a servotab in conjunction with the smooth horizontal
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tail (@ = 25° outboard of tab) indicate forces too

small to bs considered satisfactory. The characteristics
of a spring tab approach those of a servotab at high

speed with the exception that the stick forces are
increased by the amount required to deflect the spring.
The analysis of reference li indicates that if the slevator
hinge moments .are adjusted to give values of Chea

and Ché5 in the order of 0,0000 and 0.0030 per degree,

e
respectively, satisfactory variations of .8tick force per
unit acceleration can be obtained over the speed and
center-of-gravity range by a proper selection of spring
and tab gearing.

Comments on Layout of Internal-Balance Chambers

. It can be seen in figure 3 that the tip chamber
covers approximately 0.15 of the total internal-balance
span, The ratlo of the overhang factor of the tip
chamber to the total overhang factor F;/F, however,

1s only 0.08. This ratio, when multiplied by the

relation between the pressure difference in the tip and
root chambers or tip and center chamber, indicates that
the aerodynamic balance produced by the tip chamber is
only 6 percent of the total for the three chambers, Since
the installation and maintenance of the internal balance for
three chambers requires more work than for two chambers,
it appears that it may, from a practical viewpoint, be
desirable to replace the internal balance in the tip
chamber by a round nose, using a wiper seal to retain

the 1ift effectliveness. Part of the loss due to elimi-
nating the overhang in the tip chamber could be recovered
by extending the span of the center chamber,

CONCLUSIONS

The results of the tests of the 1/5-scale semispan
model of the XF-12 horizontal tail indicate the following
general conclusions: '

1, The hinge-moment characteristics of the elevator
vary considerably with boundary-layer conditions and the
magnitude of the variation increases with trailing-edge
angle. P
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2. The balance characteristics of the internal-
balance elevator are critically dependent on leakage.

3, Increasing the boundary-layer displacement
thickness by use of roughness strips on the tail sur-
faces reduced the rate of change of elevator hinge
moments with tab deflection by about 20 percent.

li. Although the tip chamber of the internal balance
contributes only approximately 6 percent of the total
aerodynamic balance for the three chambers, 1t covers
about 15 percent of the total span and adds to the
amount of work required to install and maintain the
internal balance.

5. Estimates indicate that the present horizontal
tail will be satisfactory for longitudinal stability
with stick fixed and propellers windmilling. The effects
of power will probably make the airplane longitudinally
unstableée at the most rearward center-of-gravity location,
however, an increase in the horizontal-tail 1lift effec-
tiveness should correct this difficulty.

6. The maneuvering stick force ver unit acceleration
will be extremely critical to minor variations of the
elevator hinge moments .if the elevator i1s linked directly
to' the fstiek,
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HederF s Qenacel

Herbert G, Denael
Aeronautical Engineer

Q. e

Hartley M. Soulé
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TABLE I

ORDINATES OF THE XF-12 HORIZONTAL-TAIL AIRFOIL SECTION

[Stations and ordinates are in percent of airfoil chord]

Station Ordinate
0 0
.50 £.923
el 2 §1,10
1.25 +1.38
2.50 21878
5.00 2,606
7.50 +5 172
10.00 647
15.00 ﬁ lL02
20,00 +h 75
25.00 ¥5.407
30.00 i5 716
5.00 5,912
0.00 t5.997
1{5.00 +5.949
50.00 :5 <757
55.00 5 9
60.00 LOoL1
€5.00 t4.555
70.00 i; 970
5.00 13,367
0.00 2,715
85.00 ¥2,056
90.00 £1.395
95.00 t.707
100.00 0
L. E. Radius; 1.000

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



MR No.

TABLE II

L5D12

GEOMETRIC CONSTANTS OF THE 1/5~SCALE SEMISPAN MODEL

OF THE XF-12 HORIZONTAL TAIL SURFACE

Area of semispan model, S, square feet . . . . .

Spdlacat semispart Model, b, Feet . « « +uile e b
Me ot seonetriecSchordiiofiimodel " et feek ., 4.7,
Span. of gemispan elevator, bg, feet . i . . . . .

Span of internal balance of semispan
elevator, W s OB Mige L et « Bede ot e

Root mean square chord of elevator, c,, feet . .
Root mean square chord of internal balance to

center of seal, Eb, A e B35 5 a Al
Root mean square tnlckness it elevator at
elevatovhinge axis, T, feekt . .. . s ok s

Area of internal balance to the center of Bbe

flexible seal divided by the area of the

g oive Cardll i /8, & SISl e g aE e, e
Svan of semisnan fab, b Toe Bl U w e, R W s
Root mean square chord of tab, T;, feet ., . . .
Aspect ratio of complete horizonval tall . . . .
Poperirsizror ofhordaontail g, £ & . S 4
Overhang factor of complete internal balance F
Overhiangsd actior, of root ehamber, Py .. & ¢ + 4+

Overhang factor of center chamber, F, . . . . .
Overhang factor of tip chamber, F3 aidi DIEAE e R

NATIONAL ADVISORY

Z.ﬁz
2
1.85l
Sal
205
0.571

0.23l
0.148

0.38
1.55
0.1%32
5.00
0.121
0.078
0.052
0.011
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SUMMARY OF AERODYNAMIC CHARACTERISTICS OF THE XF~12 HORIZONTAL-TAIL MODEL

UN( 14

SSIFIE

MTREETE L B3

TABLE IIT

[All values were measured over a small range at angles of attack and deflections at approximately a = 8y = 0f = 0"]
CLg Crg
Boundary- | Leakage | ¢ o ¢ ® t Cn ¢ Ch Cn Ch Ch (apP), | (aP) e c [}
Designation layer factor La | “Lg Lg S oq heg og t to, toy a 8 | ‘Mg g, Dmin
' condition E b ¥ Crg | Crq - g e £
| IS - 1
! lsngg:{h 0.03 0.067| 0,039 | ~===~ 0.58 | === [%-0.0001 | =0,0027 | =v=mwme [ =mmeec [-aa- e | - 0.015 | 0,078 | 0.0025 | -0.0079 0-0075|
i Roughness From
| strips at 0.03 to| .067| .035|--==~ | ,52( =-=- [ ®-,0008 | -,0018 .015 | .06l .0022 | -,0068 | .0100
{ 0.25¢ St
Smooth y
[ @ortzontal= ey .05 2067 | OGO | mm=mn 660 [ ==== | =.0013 | =,0031 [ =commme [mmioac |cccaaan | mmaeeee 2017 [ ,082 | mmmmem | —eee wee | mmman -
! t;;il ngel
|( = 16°) Roughness
I (rigs. 8 strips at .05 J067| .03l | =---e 51| ==== [ =,0011| =.0015 | -===u el It Rl T [P L017| .O71
| to 10) 0.25¢ |
| s i
| » op e, 1
(R=34 | .05 067| .03l | —mmee o5 | ==ec | <,0007 | =,001) | ~vmeonw | ocae SRR | S SOL7| o073 | meemmn | aoeee | e
I x mé) e
l Roughness j
! strips at | .05 2067 | .032 [ ===~ | 48| =-== =40002 [ =,0012 | ~vawece [ ccccan |cmecene [ comcaca 017 | 4069 | eemame o e
0.05¢ '
| Soelh . | oves lovosr | osola |deee [oi80] w=em | ctacos | -o.0036 - 0.015 [ 0,077 | 0.0028 | -0.0080 | 0.0075
! Horizontal- |
! tufl model Roughness |
with a strips at | 05 067 038 [ ~=ume Siili=eae I 10603 | 70005 | ~esmmmilliomsuinn || oo m --==--= | .016| .075 | .0030 | -.0070 | .0103
be veled 0.25¢ I |
tralling edge I |
(# = 250 out- | Roughness
| board of tab) | strips at | .05 VT ) — mmmmn | cmen | ceae .0015 mmmmmee | e a———— 0016 [ comen | —emem - | mm——— - | =m———-
(figs. 11 0.05¢ |
to 13)
"Particals" |
at leading .05 L0687 [ mmmem Ll R I e L e B B B el L T T B e B wee | mmm——e
L edge
)y 1 tal-
orsesnal Sl 0.05 | 0.067 | 0,038 |0.005 |0.57 | 0.07 | %0,0001 | =0.003L | -0.0058 | 0.0009 |=0.0008 | ~0,0063 |===ns | ~=-=-
£¢h=c16z)’ ughn.
| tab tests, Ro 638
(figs. strips at .05 .067| .034| .ooh [ .51| .06 | ®-.0002 | -,0020 -.0048 | ,0003 | -,000L | =-.005 |==ew=| ecmme | coceon | cmmcmen | comaaa
and 15 0.25¢
Ro CEF]
| strips at 0.05 | 0.067 0,035 | ====~ 0,52 | ~=== | =0,0008 [ =0,0015 | ~=mmeus | mcmeue e . - | 0,017 0.066 | ----- S e -
Horizontal- 0.25¢
tall model
| (g = 160), ~==do === .08 .067| .035 52| === | -,0008 | -,0017 | =cacasn 015 .058
leakage
' tests “ -== do=-- .10 .067| L03L 51| e=ee [ =,0009 [ «.0022 | ccnmman |mmmaca D = | mmmemee | L013| L048
| (Pig. 1
=== do ==~ .16 067 | .033 49| ==== | =-.0011 | -,0025 | ~eeeeen [--cea mmmmmme | e = | .o .oy
i === do === .28 2067 | .032 [ —emun B |F==-- TS 00y 3 LE obdo | et ML e R T e 0080 ozl | <2ae oy T N [ &
SInsufficlent points to accurately define slope. M
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MR No. I5D12
 FIGURE LEGENDS

Figure l.- Three-view drawing of Republic XF-12 airplane.

Figure 2.- The 1/5-scale semispan model of the XF-12
horizontal tail mounted in the 6~ by 6-foot test sec-
tion of the Langley stability tunnel.

(a) Front view showing static mouse mounted at
the mean geometric chord.

Figure 2.- Continued.
(b) Rear view.

Figure 2.- Concluded.

(c) Rear view showing built-up beveled trailing
edge outboard of tab and roughness strips at 0.25c.

Figure 3.- Details of the 1/5-scale model of XF-12 hori-
‘ zontal tall surface,.

Figure l .- Typical section of XF-12 elevator outboard of
tab. o SR i

Figure 5.~ Schematic sketch of the method used to deter-
mine the leakage factor.

Figure 6.- Velocity profiles measured at 0.65c at the
spanwise location @f the mean geometric chord of the
XF-12 horizontal tail model (@ = 16°). &g = &, = 0°,

(a) o = 0° ¢ = 0.
Figure 6.- Concluded.
(b) Roughness strips at 0.25¢c, R = 2.76 X 106.

Figure 7.- Measured values of ©6%/c at 0.65¢c at the
spanwise location of the mean geometric .chord of the
XF-12 horizontal tail model, and unpublished
theoretically computed values of &x/c for the
NAGA 65, -012 airfoll ab R =100, 64 = 6p = 0°.
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FIGURE LEGENDS - Continued

Pigure 8.- Aerodynamic characteristics of the XF-12
horizontal Gtail model (@ = 16°). Smooth model,
E = 0.03, & = 0°,
(a) Lift coefficient.
Figure 8.- Continued.
(b) Elevator hinge-moment coefficient.
Figure 8.- Continued.
(c) Pitching-moment coefficilent.
Figure 8,- Continued.
(d) Drag coefficient.
Figure 8.- Concluded.
(e) Pressure coefficient across the balance.
Figure 9,- Aerodynamic characteristics of the XF-12
horizontal tail model (@ = 16°), Roughness strips
at' 0.2%c, B=0.05 to 0.12; G =09,
(a) Lift coefficient.
Figure 9.~ Continued.
(b) Elevator hinge-moment coefficient.
Figure 9.- Continued.
(c) Pitching-moment coefficient.
Figure 9.- Continued.
(d) Drag coefficient,
Figure 9.- Concluded.

(e) Pressure coefficient across the balance.




MR No. L5D12 3
FIGURE LEGENDS - Continued

FPigure 10.- Aerodynamic characteristics of the Xp-12
horizontal tail model (@ = 16°) for various configura-
tions. E = 0.05, 64 =00,

(a) 6e = OO.

Figure 10.- Concluded.

(b) a, deg = 0 + 1.35Cq,.

Figure 11.- Aerodynamic characteristics of the XF-12
horizontal tail model with a beveled trailing edge

(# = 259 outboard of tab). Smooth model, E = 0.05,
6t = 0%

(a) Lift coefficient.
Fligure 11,- Continﬁed.
(b) Elevator hinge-moment coefficient.
Figure 11.- Continued.
(c) Pitching-moment coefficient.
Flgure 11.- Contlnued.
(d) Drag coefficient.
Figure 1l.- Concluded.
(e) Pressure coefficient across the balance.
FPigure 12.- Aerodynamic characteristics of the XF-12
horizontal tall model with a beveled trailing edge
(4 = 25° outboard of tab). Roughness strips at U250,
o= 0005 G QY
(a) Lift coefficient.
Figure 12.- Continued.
(b) Elevator hinge-moment coefficient.

Figure 12.- Continued.

(¢) Pitching-moment coefficient.




N MR No. L5D12
FIGURE LEGENDS = Continued

Figure 12.- Continued.
(d) Drag coefficient,
Figure 12.- Concluded.
(e) Pressure coefficient across the balance.
Figure 1%.- pAerodynamic characteristics of the XF-12
horizongal tail model with a beveled trailing edge
(g = 25° outboard of, tab) for various configurations.

E = 8.05, 8 =07,

Figure 1lli.- Tab tests of the XF-12 horizontal taill model
(# = 16°). Smooth model, E = 0.05.

(a) o, deg = 10 + 1.35Cy,.
Figure 1lli.- Continued.

(b) @, deg = 5 + 1.35C;.
Figure 1l..- Continued.

(c) a, deg = 0 + 1.35C;.
Figure 1l.- Continued.

(d) ¢, deg = =5 + 1.35Cy.
Figure lh.; Concluded.

(e) a, deg = -10 + 1.35C7,.

Figure 15.- Tab tests of the XF-12 horizontal tail model.
Roughness strips at 0.25%¢, B = 0,05.

(a)ea;: deg '= 10 # 1u3507¢
Figure 15.- Continued.

(b) @, deg = 5 + 1.35CL.
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FIGURE IEGENDS - Continued

Figure 15.- Continued.
(¢) a, deg = 0 + 1.35Ct,.
Figure 15.- Continued,
(d} o, degir «5 & 4550,
Figuré 15.- Concluded.
(e) a, deg = -10 + 1,35Ct,.
Figure 16.- Leakage tests of the XF-12 horizontal tail

model (# = 16°). Roughness strips at 0.25c¢c. &t = 0°.

fe) B =00
Figure 16.- Concluded.
(b) a, deg =.O + 1.55CL.
Figure 17.~ Summary of the effects of leakage on the

characteristics of the XF-12 horizontal tail model
(# = 16°). Roughness strips at 0.25c, &4 = 0°,

Figure 18.- Pressure distributions at the mean geometric
chord of the XF-12 horizontal tail model (@ = 16°),
Smooth model, &t = 0°.

(a) & =09 8,5 0% € = 0,0y = 0.
Figure 18.- Continued.
o}
(b} la.= 509,46 = @, Cr = 0ad2 /. &5 =025
Figure 18.- Continued.
o
() B =07, S 5.0 %Gk = 0410 M6y = 0.22.

Figure 18.- Continued.

(Bt = 5908 o 0% 00 i O e, = - g gl
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FIGURE LEGENDS - Concluded

Figure 18.- Concluded.
(e) a = -1.0%, &, = -2.5°, ¢y, = -0.16, ¢; = -0.20.

Figure 19.- Pq and Pg, at the mean geometric chord

of the XF-12 horizontal tail model (& = 16°). Smooth
model, &4 = 0°,

Figure 20.- Estimated maneuvering force characteristics
of the XF-12 airplane in pull-ups with aerodynamic
balance and with a servo tab on the elevator.
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Design gross welght 25,000 1b
Weight empty 5,000 1b
Center-of-gravity locations,
percent of mean aerodynamic
chord
Normal 27.5
Most forward 22.0
Most rearward 35.0
Wing
Area 1640 sq frt
Aspect ratio, 10.2
Taper ratio 0.43
Mean aerodynamic chord 13.43 £t
Wing flaps (double slotted)
Chord, percent wing chord 25.0
Span, percent wing span
(excluding nacelle cutouts) %‘3.0
L 3 Angular deflection 50 down
K’m-{ Horizontal tail
AD Total area 390 sq ft
T Angular deflections, elevator 259 up
< 15° down
Angular deflections, tab 25° up
25° down
Taill length, 0.25 mean aero-
dynamic chord to aerodynamic
center of tail 52.7 't

9340.5"

o

2/-8

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Flgure { .- Three-view drawing of Republic XF-12 airplane.
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(a) Frent view showing static mouse mounted at the mean geometric chord,

Figure 2.- The 1/5-scale semispan model of the XF-12 horizontal tail mounted
in the 6- by 6-foot test section of the Langley stability tunnel.

NATIONAL ADVISORY COMMITTEE FOR ARRONAUTICS
LANOLEY MEMORIAL AERONAUTICAL LABORATORY - LANOLEY FIELD, VA,
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.(b) Rear view.

Figure 2.- Contlinued.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANOLEY MEMORIAL ARRONAUTICAL LABORATORY = LANGLEY FIELD, VA,
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(e) Rear view showing built-up beveled tralling edge outboard of tab and
roughness strips at 0.25c.

Figure 2.- Concluded. -,Qﬂ'!!ﬂﬁﬂiﬁL

NATIONAL ADVISBORY COMMITTEE FOR ARNONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LAXGLREY FIRLD, VA.
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