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WING-FLOW TESTS OF 4 TRTATIGULAR WIHG OF LSPECT
RATIO TWO.—- L. EFFECTIVENESS (F SEVERAL TYFPES
OF TRATLIRG-EDGE FLAPS ON FLAT-FPLLTE MODELS

By George A. Rathert, Jr.,
and George E. Cooper

SUMERY

The problem of applylng controls to low—aspect—ratio wings  of
triangular plen foriz has been investigeted by means of tie WLCA
wing—<low method using paraliel-sided models having sharn leading
end trciling edges. Tae control-effectiveness paremeters do/dbe
end d4Cn/i8; were determined for Cy = O in the Mach nvmber range
from 0.5%0 to 1.1C. Constent—<hord snd cdnstent-percent-—chord
trailing-edge fleps, and triengular droomed~tip flapa were tested
on & basic plan form of aspect ratio two, and semivertex angle cf
26.6°. Ix all cases the flap srea to total-erea rotio was 0.20,
The test Reynolds nwwbers voried fram 500,000 to 1 +300,000.

The low—apeed results svggested that the inhoerd partion of
the tralling edge was the most effective erea for the location of
a 1lift-producing flap-type control., 4t a Much number of 0.50 the
effectiveness of the cdnstsnt——perce:;’s—-chord fl=p wos only about
10 percent less thon that meesured elsevwhere in two-dimensional
teats of o plain-flap streight—wing combinotion having an
NACA 65-210 airfoil section. y

deither the basic plan form nor any of tho contrql surfaces
exhibited any critical stick—Fixed characteristics in the bransonic
gpeed. range within the ronge of normml-force coefflcienta tested,
+0.40, The flap effectiveness, both pitching-moment end 1ift—
vroducing, drcpped to chout holf the low—speed values necr a Moch
number of 1.0 and then bhegan to rescover. The plin—fori ncrmol—
force curve slope and the location of the aerodynmamic center did
not vary appreciably with Mach number. The deflection of a constant—
chord flap woes slightly d.est-..bilizing but did not affect the Iift~—

. curve slope.
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The lift~producing effectiveness and plen-form .characteristics
of a L5° swept-back comstant—chord flap on a modified plan form of
the same aspsct ratio and vertex angle were also measured and are
Presented in the report.

INTRODUCTION

The use of low—aspect—ratio wings of triangular plan form has
been suggested In reference 1 gnd elgewhere as ope meens of achieving
moderate supersonic speeds. Theorstlical analyses of the 1ift and
wave-~drag characteristics at supersonic speeds are presented in
references 2, 3, and 4, Very little information haes been published,
however, about the application of cantrol surfaces to such a plan
form. The present report is cohcerned with the relative effsctive—
ness of different types of contro] surfaces, varticularly in the
transonic speed range.

A preliminary survey of this problem hes been conducted by the
NACA wing-flow method, which is described in reference 5. Simple
half-gpan flat—plate models with sharp beveled leading and trailing
edges were used. The 1lift and pitching-moment characteristics of
three different types of trailing-edge and tilp fleps were measured
in the Mach number range from 0.50 to 1.10. The Reynolds number
range was 500,000 to 1,300,000. The investigation was conducted
on & triangular plan form of asgpect retio.two, semivertex angle
of 26.6°, using a flap-area to total-area ratio of 0,20, The plan
form selected 1s the subJect of a general coordinated research
program on low-aspect-ratio wings now being conducted at the
Ames Aeronauticel ILaboratory.

In order to permit qualitatlive crmparleon of the resultse
obtelned in the present tests with known tremds (referoncs 6), a 45°
swapt-back constant-chord flap was tested on & modified plan form of
the same asvect ratio and semivertex angle as the triangular wing.

SYMBOLS

The following symbols are used in this revort:

iy aspect ratio (b2/S)
b full span, -inches
Cr pitching-moment coefficient (2M!/qSE)

aSGNRIRIN R
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Cr normal-force coefficient (2N/qS)

=3 mean geometric chord, inches

H tegt—station. totel pressure, p&tmd.s per square foot

H, free—stream total pressure, pounds per sguare foot

M tost station Mach number

M* pitching moment acting on helf-spon model about the /b
axis, inch-poumds '

jif normel fc_}rce acting om half—span model, pounds

q test-station dynamic pressure, pounds per squaye inch.

S full—span plan—form area, square inches

o angle of .attack, degrees

oppoaT wngle—of-attack data yecorded by flooting balance

&p controi-surface angle measured in a"'plane perpendlicular
to the hinge line, degrees

€ prlan—form semivertex angle, degrses

m arc sin 1/M

TEST METHODS AND EQUIPMENT
Method '

The hnlf—-span models were teated In the region of eccelerated
flow over the wing of a P-51B sirplane and were mcunted on small
recordlng balances imstalled within the wing under the test stations.
The desired control-effectiveness percmeters were measured in two
steps. : , - -- -

In the first series cf tests tho mofsels were free to rotate to
the angle of cttok for zerc pitching moment ebout a pivot axis on
the balance.- The narmal~force coefficients were compubted from

simultaneous mecsurements of the floating angle and the pitching

. - .
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moment about the modsl T/4 axis. These measurements were made
throughout the test range of Mach number for seversl deflections
of esach type of flap. The angle--of-attack and pltching-momsnt
date were then corrected to zero-lift conditions using normal-
force curve slopes determlined by testing a representative modsl
of each plan form on a three—ccmponent balance which was driven
continuously to vary the angle of attack.

Models

A photograph of the series of models tested is presented in
figure 1. The detailled dimsnsions are; given In figure 2. BHach
model was fitted with an end plate of the type shown in figure 3
to minimize the effect of the slot cut in the test station skin
to peymilt the model to rotate.

The control—flaep anglcs were obtained by bending the models
along the desired hinge lineos. The edges of the flaps in the bent
condition wers straight within +0.0), inch. The grooves machined
near tho hings lines te provide rellef for the bending operations
wore £illed with putty, as can be seen in figurs 1, and rubbed
down to e smooth contour.

Balances -

Two different types of recording balances were used during
the tests. On the floating balance illustrated schematically in
figure I the modsls were free to rotate about a pivot exis (A — A)
ahead of the model leading edge. The angulax position of the shaft
A -~ A was recorded phobographically by an optical systom using a
mirror mounted directly on the shaft. The pltching moment about
axis B — B was messured by slectrical etraln gages on a
cantilever arm restraining the shaft B — B in torsion. The straip—
gage output was transmitted to a standard NACA recording galvanometer.
The longitudinal position of the axlis B — B was alined with- the
T/k point on each model. _

The other balance used was a small three—camponent strain—-gage
balance which measured the normael force and pitching moment acting
Y 18 on the model conbtinuously as the model was oscillated through a
__J.,ﬁ' fixed angle—of—attack raiige at an average rate of 1.6° por second.
e The rotation was about a lateral sxis passing through the guarter—
Aol chord peint of the mean asrodynamic chord.  °

T E
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TEST STATION

Figure 5 is a photograph of the test station with a modsl
installed. The square vane in the upper pert of the photograph
is a reference vane connected to & selsyn inetrument which records
the angle of inflow of the alr styream over the test stetion. The
difference in inflow between the reference vane and the btest
sbtation was measured using a symmetrical vans on the model balance.

The characteristics of the air flow over the test station are
sumearized in figure 6, whieh includes the surface chordwise and
the subsonic vertical Mach nuwber distributions, and representative
boundary—leyer total-precsure profiles. The airplane spanwlse
velocity distributions were also messured and the gradlents were
found to be negliiglble. '

The chordwise Mach mumber distributicns (fig. 6(a)) were
determined from o series of static—pressure measurements made at
the' test gtation with no modsl in place, These distribubtions were
quite flgt, precluding any significant chordwise differences in
Moch number over the model eres. The flat pressure distribution
4id tend to meke the position of the mein shock wave scmewhat
unetable at local Msch numiers of 1,00 to 1.05., Aprearance of &
shock wave on the %est station was signeled by e definite unsteady
shift in the inflow angle indicated by the reference vene, and daita
taken under such conditions were not used.

The vertical Mach mumber gradients at the test station wers
checked indirectly by measuring the spanwise distribution of local
Moch number et the 60-vercent—chord point on a 10-inch-high wedge—
shoped airfoll located at the test station. The local Mach numbers
(rig, 6(b}) were computed from meesurements of the total and static
pressure on the surfage of the wedgs. The indicated gradients
correspond quite clogely to the Mach numbsr correction factor of
0.98 presented in reference T for use with a 5.69-inch~-high modsl.
Tor the present tests of s 3—irch-high model, a correction factor
of 0.99 was applised to the triangular-tip flap dota and no
correction applied to the trailing—edge—type flap data.

The test station boundary—layer profiles (fig. E(c)}) were
measured with & smell total-head rake, The results indlcate taat-
the boundary layer should not have appreciably affected the air .
flow over ths root porticn of the models &nd fleps.

The variation of model Reynolds mumber with test station Mach
number is presented in figure 7. The Reynolds numbers are based on
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the mean geometric chords of the mqdels, k4,0 inches for the
triangular plan form and 3.25 inchesg for the swept—back plan

form, The curves shown are average values, having been computed
by assuming isentropic expansion to the test statlon from the
NACA standard atmosphere at the test pressure altitude of

15,000 feet. Computed deviations from the curves of figure 6
cauged by differsnces in the free—alr temperature and the pressure
altitude were found not to exceed 5 percent.

ACCURACY

The deteiled discussilon of accurecy is confined to the
accvracy of measurement of the varlous physical gquantitles
vresented as test deta., There are several factors inherent 1n
the wing—flow test technique which may largely affect the useful-
ness of the data for srecific guantitetive design purposes,
principally the effects af the cbnormally .low Reynolds numbers.
There are not, however, sufficient correlation date available at
the present tims to Justiiy discussion in this report. Pending
the availebllity of such data, the emphasis in-the discussion has
been placed on the ouawltetive results of the teats and the trends
which are indicated.

Test Staticon

The evaluation of the. test station Moch number and dynamic
pressure 1s based on averaged measurements obtained during more thon
70 check flights. Each of the test polnts was recorded dvring cn
individual constant Mach number dive to obtain as steady flow as
posaible over the test station. The variutions from the date of
figure 5(a) at any given airplane Mach number were found to be lese
than 2 percent, and it is assumed that the same accuracy aprlios
to the teat flights wilth the models in placs.

Flooting Balance

The model angle of attack appgup Wwos determined from three
different measurementa: the flooting angle of the test balance,
the inflow angle indicated by the roference vanme, and the
calibrated difference in inflow between the model station and the
reference vane. The angular position of the fest bslance was
recorded by a direct optical syatem with an error of =0.1° to +0.3°,

STONFTTRT .
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This error includes thot due to deflection of the pltching-moment

gage, O to 0.2° for the range of pitching mombnt encountered. The

pogition of the reference vune was recorded Dy o selayn system with

an over—all accuracy of #0, 59, The difference in inflow between

the test station ond the reference vahe varied about +0.1°. The went
cumvloative accuracy of the oproar date is thersfore #0,80, which  ,puikd, 3°
is o somewhat lorger error thon is actually indicated by the amount o3

of scatter in the data. (See fig. 8.)

The accuracy of the floating-balance pltching-moment data is
limited by the sensitivity of ths recording galvanometer and the
effect of ambient—bemperature changes on the zero-load reading of
the strain—gage electrical circuit. The correct zero reading was
determined by repeating the flight—test procedure with nc medel in
place. Agreement obtained an different flights at similar balance
conpertment temperatures lndicates that thils correctlion techniqus
reduced the zero shift error to the order of & OCp of £C.002 at
& Mach number of 0.5. The remainder of the scatter indicated in
figure 9 is attributed to ineufficient galvenometer senaltivity.

Driven Balance

Angle-—of—gttack meassurements in the driven ‘bé.lance are very
gimi{lar to those of the floating balance discussed previously.
The expected accuracy is the sams, 10.8°,

J———

Strain—gege measurements of the normal force and plitching
moment are subject to the seme zero—shift correction discuassed
for the floating-balance pliching moments., The zero-shift errors
in this case, again et & Mach number of 0,50, are equivalent to
'#0.01l Gy and 0.00h Cp.

, Continuous oscillation of the model during the rums introduced

another error in the form of hysteresls which can be ohserved by
compaering the data for lncreasing and decreasing sngles of attack
in figures 10 and 11. This effect is very pronounced in the
pitching-moment data. (See fig. 11.) It should be noted that the
date are used in this report principally in the form of the slopes
dCx/da end 4C,/dCy and that these values are not affected by the
direction of rotation of the model.

Due to & slight asymmetry of the normasl-~force gages aboul the

neutral axis of the balance spindle, thers was some intersction
betwesn dreg and 1ift at high loads. Tn order to avold errors
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greater than +0.01 In Cy, it was necessary to restrict the range of
date presented to Cy of +0.L40.

RESULTS -AND DATA ARALYSIS. .

Results.

The msasured variations of floating angle with Mach number at
several different deflections for each type of flap are presented
in figure 8. The corresponding values .-of Cm "&re given 1in
figure 9. The driven balance force-tast results are. presented in
figures 10 and 11 for the triangular plan form with constant-chord
flap and in Tigures 12 and 13 for the swept-baeck plan form, &f = 0°.

Date Anelysls

N The geamatric characteristics of the floatling balance,

figure 7, 1ndlcate that the measured floating angle 1s actually
the angle of attack for Cy = (6/4,3) Cu. In order to cbtain
&m/daf at zero Cp, the agropy date Wwere corrected to o for
Cxy = & = C1, by the equation:

1

[o = — e
T, = 9FLOAT — Oy X 3G /as,

The noxrmal-force coefficients were computed as 05/4.3) X Cp
from the data of figure 9. The normel-force curve slopes dCy/da,
which are presented in figures 1lh and 15 as & function cf Mach
number, were determined from the date obtalned on the driven
balance. (See figs. 10 and 12,) An example of this correctlon
procedure is presented in figure 16. The assumption has been made
that dOy/de 1is & function of plan form only and is not affected
by flap -deflection., This -assupption is. supported by the data of
figure 1lh ghowing the. .normal-force curve slope umaffected by the
constent—chord flap deflected 15.2°,

The correctiaon to zero 1ift conditions outlined in the
rreceding peragraphs hag been applied to the faired data of figure 8
at various increments of Mach number. The results are plotted in
figure 17 as curves of &, against flap angle at constant Mach
number. The desirved lift-effectivenses paramoter da/dBr woe reed
es the avercge slope between ©&p = 5° and 15°. These data are
presented in figure 18 for esch type of flap as & function of Mach
number. '

L]
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A similar procedure was used to determinse the pitchiﬁgdmmmsnt

effectivensss dCm/dSr for the triangular—plan~Fform controls. =
The pitching—moment slopes derived from the force—test data are .-

presented in figure 19, (bmaﬁ')QL=O against b in figure 20;?and
dC,/d%¢ es a function of Mach number in figure 21.

It will be noted from figure 19 that the constent—chord flap
deflected 15.20 decreased the pltching-moment slops dﬁm/dCN about
0.011. This change has been extrapolated to the “cther required
flep angles, and gpplied to the ccpstant—percent—chord-snd triangulsar
drooped—tlp flaps as well. Due o the low values of Cys the
actual slopes used to correct the floating-balance data for the

triangular drooped—tip flaps to zero Cy do not have an appreciable
sffect on the control-effectiveness slopes da/dhs end dC,/dSe.

DISCUSSION
Reynblds Number end Separation Effects

Before proceeding with the general discussion it is advisable
to mention the very limited emount of data obtained on Reynolds
number and separation effects. The Reynolds number range presented
in figure T reprosents the maximum attainable with the modsls on
the test alrplane because of restrictions on the size of the flow
field over the airplene wing end the minimum safe altitude for
conducting the necessary dives. It was possible to.reduce the
Reynolds number by repeating flights at a higher test preassurs
altitude (25,000 £t), and this was done during the flcating tests .
of the triangwlar drooped—tip flap deflected 18.4°, These test
data, added to figure 8(a) using dismond symbols, corrzspond to
Reynolds numbsrs of 500,000 to 1,000,000, rather than 700,000 to
1,300,000. There is no appreciable effoct of Reynalds number in
this very low range. All subsequent models were tested at 15,000
feet pressure altitude and the Reynolds numbers presented in figure 6.

In evaluating triangular or low-espect—ratic plan—form data,
1t should be remefibered that the Reynolds numbers are dbased on the
mean aerodynamic chord length and thersfore, undcr.comparsble teat
conditione, are considerably larger than those for more conven-
tional straight wings of equsl area. ’

In view of the possible Importsnce of separation effects, one

model, the trianguler plan form with constant-chord flap, was
tested first with the ridges caused by the bevels left sharp, and

SN
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then tested with the edges polished to a small radius. Although the
aotual extent cf seperation and the amount it was affected by
rounding &reunknown, there wag no appreciable effect an the test
results; all other models were tested in the rounded condition’ omly.

Flap Effectiveness

Significant direct comparisons of control effectiveness are
quite d1fficult to make when dealing with types of flaps having
hinge lines of varying degrees of aweep. One of the best bases for
comparing the relative effectiveness of different control surfaces
would be the hinge moment required at the hinge iine to. praduce a
given increment of total 1ift or of piltching moment about a given
axis. Such a canpariscn would, however, require the use of hinge—
moment data, which is beyond the scope'of the present tests.

The effoctiveness perameter availsble from the test deta is
da/dBr. The use of thls parameter, however, is camplicated by the
fact that o 1s measured in a plene parallel to the relative
wind; whereas O&p i1s usually measured in a plane perpendlicular
. to the hinge line. Thus, two flaps of equal area mey produce

egual lncrements of angle of attack when placed at the same angle
with respect to the relative wind, but the numerical wvalue of
dm/daf for a highly swept flap will be. considerably less than
that for a straight flap. The swept flap, however, will have to
be rotated through a greater angle at the hinge line to produce
the desired relative wind angle, necessitating bhinge-moment measure—
ments to determine the relative-efficiencies correctly.

In the present report both the payrameters da/dbs and
dCp/d8p *.are presented with &p measured In a plane perpendiculor
to the hinge line. All comparisons in the following discussion
have heen made on this basis. If it is desired to compute the
values of da/d8; or dC,/dd, based on filap angles measured Iin
a plane parallel to the fres—stream direction, the necessary
conversion factors |(dw/d8p)pe1ative wind = conversion factor -

X (da/d&f)hinge 1ine| O be applied to the summary date”of
figures 18 and 21 are presented in the follawing table:
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i m e _of control !l' gén';:ei'sion fa.cggx; l

i Constant chord 1.00

] .. a” - .

| Constant percent e .
! chord 1.08
| Triengular

. drooped tip . 2.25

¢ 45° swept back | 1.h1,

k]

. Lift effectiveness,.- The data presented in figure 18 show that
the constant-percent--chord flap is the most effective triangular. . -
plan—form control at low spseds: da/dSe = —0.46 at-a Mech numpex .+
of. 0.50, followed by the constent—chord flap, —0.b2, and the e ¢
triangulasr drooped-tip flap, —0.27. The relative positlons of the .
constent—chord and constant-peréent-chord flaps immediately suggest
that. the inboard portion of the twrailing edge is the most effective
area for the location of lift-producing flap-type controls at :
subsonic speeds. - |

" .Both' the, constant—percent—ohord and the ‘constant—chord flaps .
é.ﬂ)'ea._r 0 possesd acceptably high effectiveness at low speeds on
the 'basis of thé comperison presented in figure 18 with a constant-—
chord flap on a straight wing., The value of da/dSr obtained at a -
Mach number of 0.50 with the constent-20-percent-chord flap is only
10 percent less then that measured in the two-dimensional tegte
of & P0-percent—chord plain flap on an NACA 65-210 eirfoil section
reported in reference S, The effectiveness of the 45° swapt-back
£lep, also presented in figure 18, is ccamparatively low, —0.25h- "
at & Mach number of 0.5. : T ; : "L"
At higher Mech numbers all three trisnguler plan—form comtrols
lose effectiveness gradually, dropping o a minimum of about _
=5 percent of their low—-speed effectivensss neexr a Mach number of
1.0, This graduval deterioration is in merked contrast with the
behevior of the plain-flap stralght-wing combination, which
loses effectivenesa very rapidly above & Mach number of 0._'8_2._'_ N

At still higher specds, abova a‘Mach m.m_;ber of 1.00, the
triangular plan—form controla.begin fo recover effectiveness, The
constent—chord and -triangular drooped—tip flaps recover: gulte
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rapidly to TO percent of their lcwmspeed effectiveneés at & Mach
numbsr of 1.075, . . . . :

As would be expected-the drop in effectiveness of the L45°©
swept~back flap is delayed to about a Mach number of 1.0. There is
no evidence of the recovery noted on the triangular plen—form
controls; however, it seems reasonable to assume that 1t would
probably occur above the highest Mach number which could be reached
in the tests, 1.10.

Although the variation of angle of attack wlth flap angle,
shown In figure 17, is linear in the yange . (8 = 5° to 15°) used
in preparing figure 18, it i1s obvious that the curves of figure 17
will not be lineer In some small range on elther side of zero flap
angle. The explanation of this result has not been determined, A
gimilar type of data showing the game behavior may be observed in
figure 6 of reference 6. The rendom variations in the sequence of
teet Mach mumbers and the fact that each flap angle was tested on
geparate flights rule out the possibility of progressive expexri—
mental errors or zero shifts,

In view of the definition of flap angle as measuvred in a
plane perpendlcular to the hinge line rsther than parallel to the
free—-stream directlion, it is interesting to note in figure 17 that
both the constent—chord and the triangular drooped~tip flaps begin
to lose effectivensss at about the same flap angle, 15°, Up to a
. Mach number of 0.60 the constant-percent—chord flap charecter-—
‘istice remein linear at 20,7° s the highest flap angle tested.

Above a Mach number of 1.00 the constant—chord and triangular
drooped~tip flap characteristics becoms linear at the highest
angles tested; whereas those of the constant—percent—chord flap
begin to fall off at 8¢ = 159 It will be noted from figure 18.
that the tendency to recover the low speed da/daf algo was less
Ironocunced with this flap,

Pliching-moment; effectiveness.— The ability of the three
triangulay plan—form controls to produce & change in piltching
moment about the T/4 (50-percent—root chord) axis is summerized
In figure 21, The characteristilcs are very similar to the 1lift
effectiveness dlscussed previously except that the minimmum
effectiverness occurs at slightly lower Mach numbers and the
tendency to recover at supersanic speeds is more pronounced. The
data do not indicate sufficient differences In effectiveness between
the constant—chord and constant~percent—chord flaps to provide any
basis For selecting the best type of cantrol,

i
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Figure 22, which is a reproduction of figure 7 of yreference T
with some of the present results added, summerizes Indications of
the effectiveness at transonic speeds of several types of controls
and plan forms by camparing the floating angles in the transonic
speed range with the floating angle at a Mach number 0.70. Again
the figure emphasizes the contrast between the gradual moderate
loss in effectiveness and subsequent recovery of the trianguler plan—
form controls, and the rapid and very severe changes experienced by
the straight—wing plain-flap and dive-recovery flap combinations.
Also in figure 22, the swept—flep results (item (5)) are compared
wlth those o'btained. during other wing-{low-method tests (reference
6) of a similar configuration with a 1k,1° semivertex angle
(item (1)). The qualitative agreement is good, althaugh the
present test configuration loses more effectiveness than that of
the referenced tests. This could be attributed to the slightl
different plen form of the model of reference 6.

Plan—form Characterlstics

Triasngular wing.— The variations of normel-force curve s,'l',ope
dCr/de and the pitching-moment slope 3&Cnm/dCy with Mach number
are presented in filgures 1k and 19, respectively. It will be noted
from figures 10 and 11 that the normal force eand pitching moment
vary linea.rly wi'bh angle of‘ attack throughorut the limited test
rango.,

The value of normal-force curve slope is guite high, 0.055,
and does not vary with Mach mumber through the renge of. the teats,
0,57 to 1.05. A slops of only 0.045 is indicated by the potentlal-
flow thoory of reference 9, As reported in reference 10, a 25-F00%-—
gpan model of identical plan form with & gymmetrical p—percent——
thick doubleo—wedge aixrfoll section has been tes‘tec. end & lift—curve
slope of 0.040 obtained.

The theoreticsl slopes computed according to Jones {reference 1)
and Brown (reference 2) have been added to figure 1l as a matter of
interest, although the excellent egreement 1s not too gignificant
in view of the limitetions expreassed 1n reference 1 with respect to
the magnituds of the semivertex angle and in reference 2 with respect
to the Moch number. In reference 11 an experimental criterion for
the high Mach number limit of applicability of the lift——curve slope
derived in reference 1, dCr/de = 2x tan €, is presented in the form
ten € /tan m = 0,30. (See f£ig. 1L,) This oriterion indicates that
Jones! derivation should apply throughout the range of test

=SSiEbiainnin
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Mach numbers. The teste of reference 1ll, however, were conducted at
higher Maoh nuuwbers; consequently, the vertex sngle at the critical
value of tan e,/ta.n m was smaller and more nearly approximated the
asggumptions expressed in refcrence 1 than did the prosent models.

The pitching-moment slopes (fig. 19) 1ndicate that tho
acrodynamic center was at approximately 36 perceat T. This z.grecs
very weoll with the low-speed position of 37 percent € measured in
tho previously discuseed tests of reference 10, The deflection of
the constant-chord flap 15. 20 was slightly destabillzing, moving
the aerodynamic center forward 1 ‘perceént. The position of the
serodynamic center did not change appreciably with Mach number, so .
that na critical plan-form characteristics were observed at low
1ift coefficients in the transonic speed range, :

This presentation of plan-form characteristics has been
limited to a Cy range of 10,540 in order to remain within the
stated accuracy limita. That these résults should not be
extrapolated to higher 1lift coefficients is definitely indicated
by the discussion of low—speed tests presented in reference 0. It
was shown In this reference that, at 1ift coefficients of approxi-
nately 0.6 to 0.8, there was considerable separation of flow on
the sharp leading edges of the wing, resulting in distinct breaks
in the moment and force varistions with angle of attack 1n such a
way as to reduce the trailing-edge flap-conirol effectiveness. A
discussion of' the effect of this [low separation on the I1ift-
producing effectiveness of a gonstant-chord split flep ls included in
the reference. Leading-odge separation in the case of a two- _
dimensional wedge—shaped elrfoil has been .dlscussed in reference 12.

Swept—back wing.- Figure 15 shows that the. norml—forcc curve
slope drops off very slowly from O0.0OMkat low speeds to 0.0kl at
a Mach number of 1,03 and then falls off moré rapidly to 0.035 at
a Mach number of 1.l. It 1s noteworthy that thesc data.do not
indicate any increase in norma.l-—-force surve slope a.t. high su‘n.:sonlc
Mach numbers. :

The pitching-moment slopes (fig. 23) again show little change
with Mach number up ta & Mach mumber of 1,03, Tho serciynamic
center almost coincides with the center of area, Above a Mach
number of 1.03 the serodynemic center moves tarthsr aft and ls @
55 percent T at a Mach number of 1.10, Although the qualitative
varistion ia. reasonable, tho serodynamic center locat;.on seoms
to be considerably feaxther aft tha.n compax ison with the triu.ngu.‘lar
plan form would indicate.
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The angle of zero 1lift of 'bhe 'briangular 'olan form with the
constant—chord flap deflected changed conaiderably with Mach number.
This variation is shown in figure 2k using results from both ‘the
force tests and the floating—angle testa to demonstrate that the
shift was not a peculiarity of che oxr the other test msthod. A
similer shift is apperent in all of the flooting—angle date (fig. 8).
for the control surfaces tested on the triangular plan form. The
equivalent shift in the pitching moment ot zero 11ft is.shown in
figure 25.

Trianguler Plan-Form Flying-Wing Cheracteristlcs

The results of the present tests have been used to estimate
some of the sharacteristics of a hypothetical flying—wing airplane .
of triangular plan foym with a constant—chord flap for Iongitudinal’
control., A center—of-gravity positlon at 25 percent T and level
flight at 40,000 feet altitude with a wing load.ing of 45 pounds
per squere foct have been assumed .

_Figure 26 presents the veriation of pitching-moment coeffi—
cient with normal-force coefficient at four flap angles for
several Mzch numbers. In figure 27, these dota have been cross—
plotted at the trim normal-force coefficient ¢orresponding to sach
Mach number. Since the models were symmetrical, it has been
assumed that up-flap deflection produced an equal pitching-mcoment
change of opposite sign to that measured for an equal down—f£lap
deflection. The curves of Tigure 27 are broken in tihe range
%iound. B¢ = 0° where Cm apverently.dosscnol: vary linéarlv vri'bh

The veriation of flap angle required for belance with Mach
number, determined from the Cp = O interczepts on figure 27, is
presented in figure 28. The total change in elevator angle
required for balan_,e in the Msch number range from 0,70 to 1,075
ie less then 2°. There do not sppear to be any stick—f1xod~—
control characteristice in the Mach number and lift—coefficient
ronge covered which would be critical in the design of the
longitudinnl—control system.

CONCLUSTIONS

The conclusions formed during this preliminsry survey of the
problem of applying control su_rfa.;e__s__j;p_.ﬁ_l._ow—aspec‘b—m'bio wings of
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triangular plan form in the normel-force—ccefficient range 0,40
may be summarized as follows:

1. The inboard portion of the tralling edge was the most
effoctive arva tested for the locatlon of & lift-producing flap—
type caontrol at subsonic speeds. (In defining the offectiveness,
the f%ap angle was moasured in a plans perpondicul&r to the hinge
line

2. Both congtant—chord and constent-percent—chord trailing-
edgo flaps eppcared to have satisfactory lift—producing offectivencss
at low speeds-.-whon compered to a plain-flap straight—wing combination
of equal flap aroa to total-area ratio._ S ,

3. All three trisngular plan—form controls oxhibited moderate
transonic¢ characteristics, graduslly losing about half of their
low-speed effectivencss near e Mach numbur of l 0 and then recover—
ing st higher spoeds.

k. Neoither the plan-form lift-—curve slope nor the location
of' the aerodymamic center changed appreciably firom Mech numbers of
0.5% to 1.07. Deflection of-a constant—chord flap had a slightly
destabilizing effect but did not change the lift—curve slopo.

5 The tcst rosulte did not indicate any critical stick—ixed
longitudinal—contyrol characterigtics from Mach numbers of 0.50 to .
1.10 within the range of Cy = +0.40 which would furnish a basis
for selecting the type of control to be used om’'a given design.

Ames Aeronauticsl Laboratory,
National Advisory Committes for Aeronautics,
Moffett Field, Colif.
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