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RESEARCH MEMORANDUM

EFFECTS OF HomzoimAL-TAIL POSITION, AREA,

AND ASPECT RATIO- ON LOW-SPEED STATIC LONGITUDINAL STABILITY
AND CONTROL QH.ABACTERISTICS_ OF A 60° TRIANGULAR-WING MODEL
| HAVING VARTOUS TRIANGULAR-ALI- |

MOVABLE HORIZONTAL TATLS

By Byron M. Jaquet
SUMMARY -

A Jow-speed investigation was made in the Langley stébility tunnel
to determine the static longitudinal stability and control character-

.istics of a 60° triangular-wing model having various triangular-all-

movable horizontal tails. An gll-moveble tail of 10 percent of the wing
area and aspect ratio 2.31 was investigated in 17 tall positions which
included positions sbove, below, and to the rear of the assumed center
of gravity. All-movable tails of 5 and 15 percent of the wing area
(aspect ratio 2.31) and en all-movable tail of aspect ratio 1.07
(5-percent-area) were investigeted at one tail position.

At high angles of attack, large increases 1ln the rate of change of
effective downwash angle with angle of attack caused large decreases in
the static longitudinal stability of most configuretions. The high-
forward and low-reasrward tail positions were least affected by changes
in downwash angle with angle of attack and, consequently, theése positions
had the most favorable stability characteristics. For one position, an
incresse in tall area from 5 to 15 percent of. the wing area produced an
increase in static longitudinal stability at low 1lift coefficlents and
instability (associated with large Increases 1n the rate of change of
downwash angle with angle of attack) at high 1ift coefficients.

An increase in tail length for a given taeil height produced an

increase in pitching-moment effectiveness which was approximately

directly proportional to the tail length but had Insignificant effects

" on the change in 1ift with control deflection. An increase in tail

height produced a small increase 1n pitching-moment efféctiveness.
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All-movable~triangular tails had about 20 percent less pliching-moment
effectiveness (which was essentially constent up to maximum 1ift) than
constant-chord flap controls of about the same area and were sbout twilce
ag effectlve as half-delta tip controls. The all-movable talls produced
‘less 1lift per degree of comtrol deflectlon (which also was essentially
constant up to maximum 1ift) than the constant-chord flap controls or
half-delte tip controls.

- The tall position for meximum pitching-moment effectiveness was
high and rearward in contrast to & low-rearward position for the most
duh@hsﬁﬂchmﬁ@Mﬂsﬁth

INTRODUCTION

Wings of triangular plan form sppear, in many respects, to be
structurally and aerofynsmicelly suitable for high-speed airplanes;
however, adequate longitudinal control 1s difficult to obtain for these
alrplanes with menually operated controls. For example, constant-chord
flep controls have good effectiveness at low speeds, but inherently
have undesirably high hinge moments (references 1 and 2), and half-delta
tip controls, which permit a wide choice of hinge location for aero-
dynemic balance, have low control effectiveness at low speeds (refer-
ence 3). In another case, a canard was found to be virtually ineffective
a8 & Tixed trimming device at high 1ift coefficients in a low-speed
investigation of a canard triangular-wing arrangement (reference 4). 1In
a low-speed investigation of a 45° triangular-wing model conducted in
Great Britainl by Lock, Pass, and Meikler, some promise has been indicated
for all-movsble tails located behind the center of gravity although some
instability was encountered near the stall. An all-movable tail, in
addition to providing longitudinal control, should overcome some of the
other difficulties encountered with semltailless airplanes. The hori-
zontal tail would provide additional damping in pitch, which is low for
triangular wings (reference 5), and perheps eliminate the possibility
of tumbling (a continuocus pitching rotation about the lateral asxis) which
1ls also assoclated wlth semltelliess alrplanes. In addition, the center-
of -gravity travel would not be as severely restricted for an ailrplane
with horizontal tail.

Inasmuch as trianguler-wing airplanes generally have stable
pitching-moment characteristics through the lift-coefficlent range, a
horizontal tail would be expected to be necessary only as a control and
not as & stebilizer. In the present investigation (which is a part of
a resgearch program being conducted ln the Langley stebility tunnel to

lNot-generally availsble.
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determine the sulteblility of various types of conmbrols for triangulaf
wings), addition of a horilzontal tail, however, resulted in serious
instability for some tail positions. It waes, therefore, desirable to
determine an opbimm, or nearly optimum, taill position with regard to
static stabllity as well as comnbrol effectiveness. Thua, the effects
of tail length, helght, area, and aspect ratio on the low-speed static
longitudinal stability and comtrol characteristics of a 60° trianguler

- wing model having varlous all-movable triangular tails located behind

the center of gravity of the model were studied in this investigstion.
The results for all-moveble talils weré compared with results for constant-
chord flap controls and half-delta tip controls of the same area.

SYMBOLS

The date presemted herein are in the form of standard NACA symbols
and coefficients of forces and moments and are referred to the stability
system of axes with the origin st the projection of the quarter-chord
point of the mean aerodynamlc chord on the plane of symmetry unless
otherwise sgpecified. The positive directlon of forces, moments, and
angular displacements 1s indicated in figure 1. The coefficlents and
symbals used herein are defined as follows:

Cr, 11t coefficient (L)
Cm pitching-moment coefficilent Q%%%

>+ L _ oST
L 1ift, pounds
M pltching moment, foot pounds _ -
A ‘aspect ratio (b2/s)

.
b span, feet
s wing area, square feet
Sg horizontal-tall ares, Bquare feet
c local chord parallel to plane of symmetry, feet
- 5 b/2 -
3 mean serodynemic chord, feet g c2ay] -
0 ’ _

3
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Cp root- chord, feet
y spanwise dlstance measured from and perpendiculer to plane of
symmetry, feet :
. 9V2
q free-gbtream dynsmic pressure, pounds per square -foot 5
9 dynamlc pressure at taill, pounds per square foot
v free-stream velocity, feet per second
o] density of alr, slugs per cubic foot
I taill length, feet (distance between gquarter-chord poinmt of
: wing mean serodynamic chord and quarter-chord point of tail
mean aerodynamic chord measured along the fuselage center
line)
z tail height (height of tail above or below the wing-chord plane),
feet
(o4 angle of attack of wing-chord plane, degrees -
i angle of Incidence of tail with respect to wing-chord plane,
degrees
Mg - angle of sweepback of leading edge, degrees
€e effective downwash angle, degrees
At Cmy
— effectlive dynamic pressure ratiloc
: o)
c Xy,
Lig ait
. 3,
= EEZ

4



y

£

¥

L1

(¢

NACA RM L51I06 b - - 5

3¢y

Iu, - Ja .
C = e

Tc. &,
E = - horizontal tail
Subscriphts: _
17 horizontal tail 1
2 | horizontal tail 2
3 ho.riz-'.onta.l tall 3
4

horizontal tail L
APPARATUS, MODEL, AND TESTS

The present investigation was conducted in the 6- by 6-foot test
section of the Langley stebillity tumnel. The model was mounted on a
single-strut support with the pivot point at the quarter chord of the
mean serodynamic chord. The strut was attached to a six-component
balance system.

The model consilsted of a mshogany wing-fuselage combination and :
four mshogeny horizomtal tails which wer_e tested individusally. The wing
had an aspect ratio of 2.31, Amm = 60° » &and modified WNACA 65(06) -006.5

sirfoil sections parallel to the plane of symmetry. The fuselage had a
circular crose section and a fineness ratio of 7.38. Additionsl detalls
of the fuselage may be obtalned from reference 6. Three of the hori-
zontal talls had the same plan form and thickness ratlo as the wing but
bad ereas of 5, 10, and 15 percent of the wing area. An additional tail
of aspect ratio 1.0T, AIE = 759, - and an area of 5 percent of the wing.

arega was used for a few tests. The tails were supported by E by 2-inch
gteel support struts (one strut wss used for each tail height) mounted
on a )3; by .32;_ by 45-inch steel bar, the lower. surface of vhich was

parallel to but 1.5 inches gbove the fuselage center line. Pertinent
model details .and tail locatlons are shown in figure 2 and detsils of

. the horizontal tails are shown in figure 3. Tails 1, 3, and 4 were
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tested at one position only (é = 0.50, % = 1.25). A photograph of one
. C .
model configuration is presented as figure k.

The tests consisted of messurement of-1ift and pitching moment
through an angle-of-attack range of -4° to 36° for several angles of
incidence of the tails. All tests were conducted at a dynamic pressure
of 39.7 pounds per. square foot, a Mach number of 0.17, and a Reynolds

nuber of 2.06 X 106.
" CORRECTIONS

"Approximate Jet-boundary corrections (reference T), based on
unswept-wing concepts, have been applied to the angle of attack.
Complete-model (tail on) pitching moments have been corrected for jet-
boundary effects by the methods of reference 8 and the dynamic pressure
was corrected for the effects of blockage by the methods of reference 9.
The data heve not been corrected for the effects of the support strut.

RESULTS AND DISCUSSION

Presentation of Results

Table I is presented as an. index to the figures to aid in the loca-
tion of specific data from the large number of figures.

The control effectiveness parameters CLi and Cmi represent
. Lo t
glopes of faired curves measured near zero tall incidence for e constant

angle of attack.  The slopes, however, were generally linear between
1y = 10° and i, = -20°.

The effective downwash angles were determined at a given angle of
attack by the sum of-the angle of—attack and the angle of incidence of
the tail which produced the zero pitching-moment icontirubution, of the
tail.” The effective dynamic-pressure ratios were\determined frdm the
pltching-moment data in the following manner:

(.

q - icmitj
(o]
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where (Cmit) is the value at Cp, = O for any tail position and'-Cmit
o

is the value at any 1ift coefficient for the same tail position. This
agssumption alweays gives a value of (qt/q)e of 1.0 at Cp, =0 and is

believed to be accurate wilithin 2 or 3 percent.

The basic data (Cm and o against CL) of figures 5 to 25 will

be given only brief consideration inasmuch as the analysis of the present
paper is concerned with figures 26 to 45. The lift-curve slope and
Cm/Cy, at Cr, = 0 of the wing and wing-fuselage combination are in good
agreement with previous investlgations (reference 6). The wing maximum
1ift coefficient is also sbout the same as that of reference 6; however,
the wing-fuselage maximm 1ift coefficient is about 10 percent lower than
that obtalned previously. The 1ift and pitching-moment characteristics
of the wing-fuselage and horizomtal-tail configurations are presented in
figures 6 t6 25. The static longitudinal stebility at trim decreases
with an increasé in trim 11f%t coefficient for tall positions sbove the
wing-chord plane (figs. 6 to 20 and figs. 23 to 25) and increases with

- an increase in trim 1ift coefficient for tall positions below the wing-

chord plane (figs. 21 and 22).

' Longitudinel Stability

Effect of teil length and heighf.- For convenience the basic data
at iy = 0° of figures 6 to 22 have been replotted in flgures 26 and 27.

From figures 26 and 27 it can be seen that the wing-fuselage com-
bingtion is stable through the lift-coefficient range for the test
center-of-gravity position. The data of figures 26 and 27 also indicate
that addition of the horizontal tail (10 percent of the wing area) to
the wing-fuselage combination produces an increase in longitudinel
stability at low 1lift coefficients. The stability increases with an
increase in +tall length or height. '

Generally, as the 1ift coefficlent is increased to some moderate
value, a decrease occurs ln stability. W1ith & further Increase in 1ift
coefficient, there is elther an increase in stebility or a further
decrease depending on the tail length and height. The effects of tail
length and height on the changes 1in stabllity with 11ft coefficlent can
probably be seen best from the data of figures 28 and 29 which were
obtained by recomputing the data of figures 26 and 27 about a different
center-of-gravity position for each configuration to give a static
margin at Cp = O of 10 percent of the mean aerodynamlc chord. 'The

pbsition of the center of gravity for each conflguration for which data
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are presented with CmCL = =0.10 in figures 28 and 29 is as follows:

- Center of gravity
2/t i/e (percent T)
(0.75 : 29.6
1.00 -30.5
0.25 | =1.25 31.6
: 1.50 33.1
(2.00 k.7
(0. 75 -« 30.7
1.00 32.2
0.50 41.25 33.5
1.50 35.5
2.00 38.0
(0.75 31.4
1.00 32.9
0.75 1 41.25 ) 35.1
1.50 _ 36.9
(2.00 39.9
1.50 31.6
-0.06 ‘[2.00 32.9

The center of gravity of the wing fuselsge combination 1s at 0.275¢.

The data of figure 28 indicate that at high 1ift coefficients an

increase in stability with an increase in tall length 1s obtained at a
Z

tall height of .g- = 0.25. At taill heights grester than = = 0.25, the’
stability decreases with an Increesse in tail length and, for high-
rearward positions, severe instability cccurs. The configurations with
the high-forward anéd low-rearward tall positions exhibit the least
change in. static longitudinael stebility through the lift-coefficient
range and only tail positions below the wing-chord plane (fig. 29) pro-
vide stabillity equal to, or better than, that for the wing-fuselage
combination. The small positive increment in pitching moment present
at low 1lift coefficilents with the addition of a herizontal tall (figs. 28
and 29) is believed to be caused by flow induced by the fuselage and
this Iincrement appears to decrease with an increase in tall length or
height. _ ‘
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The effect of the -Horizontal-tail position on the longitudinal
stability from Cr,.= 0 to Cr, = 0.8 is summarized in figure 30. The

regions of least change in ch/BCL are located in the high-forward or
low-resxward positions. As mentioned previously only tall positions
below the wing-chord plane produce stability equal to or greater than
that for the wing-fuselasge combinstion through the 1ift-coefficilent
range and thus the change in BCm/BCL noted for these positions is
stebiiizing.

. The changes in stability which occur, for tail-on configurstions,
eg the 1ift coefficient is increased, can be associated primarily with Ai-__
large incresses in downwesh angle with angle of attack and to some
extent with the change in the ratio (qt/q e with angle of attack

(figﬂ-'3l to 38). The effects of tall length and height on the varia-
tion of the effective downwash angle wlth angle of attack are shown in
figures 31 to 35. The rate of change of effectlive downwash with angle
of attack aee/am varies considerably with angle of attack. The values
of OJee/dn at a = 0° sgre presented in figure 36 for the teil posi-
+lons Investigated. These valuea of aee/aa are always less than 1
and decrease with an increase in tail length or height. Therefore, as
mentioned previously, addition of a tail always results in an increase
in stebility at low 1lift coefficients (figs. 26 and 27). As the angle
of attack is increased however, the value of J¢g/da increases rapidly
and reaches a value of 2.0 for some configurations. The configurations
for which large decreases in stability occur wlth increasges in 1ift
coefficient and which become unstable are those for which Jdee/da
becomes sufficiently greater than 1.0 to overcome the inherent stability -
of the wing-fuselage combination. For tail positions below the wing-
chord plane the effective downwash angles at high angles of attack were
much less than thet for most of the other configurations. The values

of Jé€g/da were nesr zero or even negative and, as mentioned previously,
these positions provided greater stability than the wing-fuselage com-
bination in the high lilft-coefficient range! It should be noted that:
the values of downwash asngle shown et o« = 0° .for a tall height of

= 0.25 (fig 31) are probably caused by flow over the end of the

,:‘z'{

5
fuselsge. .’WLZ" 2 6T . £=0 frw

0\\vl

The effects of tail length and helght on the variation of (qt/q)

with angle of attack are presented for several model configuraetions in
figures 37T and 38. The largest changes in qt/q\ .occur at high
angles of attack. A loss in (qt/q)e in the high angle—of—attack

region is beneficial for some tall lengths, especially for _= = 0.75,
- . c .
gsince 1t tends to.reduce the instsbility (fig. 28) where Bee/ao’.

— *

T ——T
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(fig. 33) 1s large. Conversely, an increase in (qt/q)e at moderate

and high angles of attack can magnify the instebility caused by high o
values of J¢e/Oa. See, for example, figures 29, 3k, and 38 for

% = 0.50 and % = 1.50 for which (qt/q)e increases at about 16° angle
of attack and Oe¢g/dx, already greater than that for the other tell

positions, ia effectively increased again by the increase in (q,G /q)
greater instsbility thereby being caused.

e /2

BEffect of tail area and aspect ratio.- The effects of tall area
and aspect ratio on the static longitudinal stebility of the-model for

one tall position G; = 0.50 and = 1.23 are shown in figure 39. An

increase in tail area from 5 to 15 percent of the wing area causes an

increase in stabllity up to sbout Cf, = O.4; whereas, at 1ift coeffi-

cients between O.L-and 0.7, the stability does not change appreciably

when the tail area is increased (fig. 39(a)). At high 1lift coefficients, -

near maximm 1ift, 1nstebility results for the 10- and 15-percent-area

tails. A decrease 1n the aspect ratlo of the 5-percent-area tail from

2.31 to 1.07 has little effect on stabiliity through the lift-coefficient

range. It should be remembered that, for triangulasr plan forms, &

- decrease in aspect ratio is accompanied by an increase in sweep angle

and thue the effects of aspect ratio end sweegjare_ggﬁsggrable. n

& Cremi .

Of] o

In order to illustrate the effects of tall area and espect ratlo on
the changes in stability with 1ift coefficient, the date are compared on
the basis of equal static margin at CL = 0. The position of the center
‘of gravity for each configuration for which data are presented with

CmbL_= ~0.10 1n figure 39(b) is as follows:

xn

H Center of gravity
(percent <)

1 '30.6

2 33.5

3 36.5

b 29.6

The center of gravity of the wing-fuselage combination is at 0.275c.
The large changes in stability which occur for the 10- and 15-percent+
ares tails are readlly discernible from figure 39(b). A reduction in
tall aspect ratio from 2.31 to 1.07 has relatively smell effect on -
stability, the A = 1.07 +tall providing an increase in stablility for
only e small range of lift coefficients near the stall.
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. As mentioned previously, the qhanges to stability with angle “of
gttack can be assoclated with changes in downwash angle with angle of

. attack and to some extent with changes in (qt/q) with angle of attack.

Values of dee/da and (qt Q)e are presented in figures 40 to L2.

Large increases in J€g/da (fig ko) et high angles of attack cause
instability for tails 2 and 3 at this tall position. The span of these
tails 1s believed to be sufficlently large to be affected by the separa-
tlon vortex which is swept toward the plane. of symmetry as the angle of
attack is increased. Tails 1 and 4 do not extend outboard from the
plane of symmetry a large enough distance to be greatly affected by the
?ortex a?d, hence, do not produce instaebility at high 1ift coefficlents
fig. 39).

Control Effectiveness

The combtrol effectiveness data for all model configursations of
figures 43 to 45 are presented on a basis of equal stetic longitudinal

_stabllity at Cy =0 (C = =0.10\ and thus the data are directly

ez
indicative of the effects of tail length, height, area, and aspect ratio

on the control effectiveness parameter Cmi . The poeition of the center
t

of gravity for each configuration of Figures 43 and Lk nay be obtained
from the table in the section entitled "Longitudinal Stability."™ The

. centers of gravity for the configurations of figure 45 are presented

subsequently in this section.

"Effect of tail length and height.- An increase in 1ift coefficient
produces only small changes in the values of CL1~b and Cmit up to

about maximum 1i#t coefficilent for each model configuration (fig. h3)
The best_tail position with regard to static longitudinal stability

through the lift-coefficlent renge was % = -0.06 and % = 2.00;

whereas the maximum pitching-moment effectiveness through the 1ife-
coefficient range was obtained at

OllN

moment effectiveness data for these two positions i1s presented in
figure 1!-3(e) At low 1ift coefficients, the position for maximum cmit

provides a value of Cmit of gbout 10 percent greater than the- value
of Cmit for the position of best stability; whereas at high 1lift coef-

ficients the difference smounts to sbout 23 percent.. The position for = °
maximum cmif is one, however, where severe instability occurs at

= 0.50 and % 2.00. The pltching-
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moderate 1ift coefficients (see fig. 29.) A tail position of. ,2.— 0.25

_and %- 2.00 has satisfactory steatic longitudinal stability (fig 29)

and, except for high 1ift coefficlients, has about the same pitching-
moment effectiveness as the tail position % = 0.50 and £ = 2.00. Of

the positions investigated, a low-forward position had the lowest control
effectiveness (fig. Wi(a)).

Q] e

The effects of tall length and tail helght on the-values of CLit

and Cp at Cp = O are summarized in figure L44. Changes in tail

length or height generally produée only'small changes in the wvalue of
CLit. The value -of Cmit increases with an increase in taill length in

sbout direct proportion to the teill length and increases slightly

with an incredse in tail height. Trends similar to those of the present
paper were indicated in the previously mentioned British investigation
of-a 45° triangular-wing model having a separate-all-movable tail. In
that investigatlon, however, only two tall lengths were investigated.

Effect of tall area and aspect ratic.- The data presented in fig-
ure 45 are also for C = <0.10 at CL 0 -and the centers of gravity

ey,
for the configurations are as follows:
: Center of gravity

Configuration H (percent o)

. 1 30.6

2 33.5

All- ble tails :

. move! & 3 3.5

b 29.6

Constant-chord flaps : 27.4

Tip controls 20.2

An increase 1n tail.area from 5 to 15 percent of the wing area
causes & proportional increase in CLit and Cmi (fig. 45(a)) which
t

are about constant up to maximum 1ift coefficient. Reducing the aspect-
ratio of the 5-percent-area tail from 2.31 to 1.07 causes a decrease
in CL-:L_b and C which 1s constant up to maximum 11ft coefficilent.

myy
—En——
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A comparison of the effectiveness at €, =0 of the all-moveble

talls of the present investlgation with the constant-chord flaps of .

reference 1 and the tip controls of reference '3 1s presented in i

figure 45(v) for Cmc = -0.10. Each of the controls was tested on a
) _ L .

wing of identical geométry. The all-movable talls produce a slightly

smaller change in 1ift with control deflection cLit than the tip

controls (vhich 1s desirable) and, as would be expected, & much smaller

chenge in 1ift with comtrol deflection then the constant-chord flaps.
From a sbtandpoint of pltching-moment effectiveness Cmit the all-

moveble tails are about twice as effective as the tip controls and are

 about 20 percent less effective than the constant-~chord flaps.

CONCLUSIONS

A low-speed investigation of the static longitudinal stebllity and
control characteristics of a 60° triangular-wing model having various
all-moveable horizontal talls has indicated the following conclusions: .

1. &t high angles of sttack large increases in the rate of change
of effective downwash angle with angle of attack caused large decreases
in the static longitudinal stability of most of the configurations. The
high-forward and low-rearward tail positions were least affected by '
changes in downwash angle with angle of attack and, consequently, these
positions had the most favorable stability characteristics.

2. For one position, an increase in tail aree from 5 to 15 percent
of the wing area produced an increase in statlc longitudinal stability
at low 11f%t coefficlents and instability (associated with large increases
in the .rate of change of downwash angle with angle of attack) st high
1ift coefficients.

3. An increase in tail length for a given tail height froduced an

. increase in pitching-moment effectiveness which was approximately
. @irectly proportional to the tail length and had: insignificant effects

on the change in 11ft with combtrol deflection. An increase 1n taill
height produced a small increase in pitching-moment effectiveness. -

"k, All-moveble-triangular talls had gbout 20 percent less piiching-
moment effectiveness (which was essentially constant up to maximum 11ft)
then constant-chord flap controls of about the same ares and were about
twice as effective as half-delta tip comtrols. The all-moveble taills
produced less 1lift per degree of conmtrol deflection (which aelso was
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egsentially constant up to-maximum-lift) then the constant-chord flap
controls or half-delta tip controls.

5. The tail positlion for maximum pitching-moment effectiveness was
high and rearward in conbrast to a low-rearward position for the most
desirable static longitudinel stability.--

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics

- Langley Field, Va.
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Figure h.- Trianguler-wing model mounted in Langley sta‘bility tunnel.

Hpj -;- - 0.25; £ = 1.25.
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