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WING-FLOW TESTS OF A TRTANGULAR WING OF ASPECT
RATIO TWO,— I, EFFECTIVENESS OF SEVERAL TYPES
OF TRAILING-EDGE FLAPS ON FLAT-PLATE MODELS

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

Sm "1"7

The problem of applying controls to low-aspect—ratic wings of
triangular plen form has been investigated by means of the WACA
wing-flow method using paraliel-gided models having sharp leading
and trailing edges. The control-erfectiveness parameters da/dde
and de/de were determined for Cyy = O in the Mach number range
from 0.50 to 1.10, Constant—-chord and LOHStu?t‘PGICGut*LﬂOLU
trailing—edge fleps, and triangular drooned-tip flaps were tested
on & basic plen form of aspect ratio two, and semivertex angle cf
26.6°, In all cases the Tlap area to total-area ratio was 0.20,
The test Reynolds numbers varied from 500,000 to 1,300,000.

The low—speed results suggested that the inboerd portion of
the trailing edge was the most effective area for the location of
a lift-producing flap-type control. At a Mach number of 0,50 the
efTectiveness of the constant-percent—chord flap was only about
10 percent less than that measured elsewhere in two—dimensional
tests of a plain-flap straight—wing combination na"1nb an
NACA 65-210 airfoil section.

Heither .the basic plan form nor any of the control surfaces

exhibited any critical stick—fixed characteristics in the transonic

speed range within the ronge of normal-force coefficients tested,
+0.40, The flap effectiveness, both pitching-moment end lift—
vroducing, dropped to about half the low--speed values near o Mach
number of 1.0 and then began to recover. The plan—form normal—
force curve slope and the location of the asrodynamic center did
not vary appreciably with Mach number. The deflection of a constant—
chord flap was slightly destabilizing but did not affect the 1lift--
cuxrve slope.
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The lift-producing effectiveness and plan—form characteristics
of a U5° swept—back constant—chord flap on a modified plan form of
the same aspect 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 and elsewhere as one Ieans of achieving
moderate supersonic speeds. Theoretical analyses of the lift and
wave-~drag characteristics at supersonic speeds are presented in
references 2, 3, and 4. Very little information has been published,
however, about the application of control surfaces to such a plan
form. The present report is concerned with the relative effective—
ness of different types of control surfeces, particularly in the
transonic speed range.

A preliminary survey of this problem has been conducted by the
NACA wing—flow method, which is described in reference 5. Simple
half—span flat-plate models with sharp beveled leading and, trailing
edges were used. The lift and pitching-moment characteristics of
three different types of trailing-edge and tip flaps were measured
in the Mach number range from 0.50 to 1.10. The Reynolds numbexr
range was 500,000 to 1,300,000, The investigation was conducted
on & triangular plan form of aspect ratio two, semivertex angle
of 26.60, using a flap-area tc total-area ratio of 0.20. The plan
form selected is the subject of a general cocrdinated research
program on low-aspect-ratio wings now being conducted at the
Ames Aeronautical Laboratory.

In order to permit qualitative comparison of the results
obtained in the present tests with known trends (reference 6), a h5°
swept-back constant-chord flap was tested on a modified plan form of
the same aspect ratio and semivertex angle as the triengulaxr wing.

SYMBOLS

The following symbols are used in this report:

A aspect ratio (b°/S)
b full span, inches
O pitching-moment coefficient (2M'/qST)
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Ci normal-force coefficient (21/qS)

[ mean geometric chord, inches

H test-station total pressure, pounds per square foot

Hy free—stream total pressure, pounds pPer SquUAre foot

M test station Mach number

M! pitching moment acting on half-span model about the c/k
axis, inch-pounds

N noyma.l fofce acting on half-span moiel, pounds

a tost--station dynamic pressurc, pounds per squore inch

S full-span plan—form arec, square inches

a angle of attack, degrees

aFT,0AT -anglgwof—attack dato recorded by floating balance

Op contycl-surface angle measured in o plane perpendicular
to tie hinge line, degress '

¢ plon~form semivertex angle, degrees

n arc sin 1/M

TEST METHODS AND EQUIPMENT
Method

The half-span models were tested in the region of accelerated
flow over the wing of a P-51B airplane and were moupted on smell
recording balances installed within the wing under the test stations.
The desired control—effectiveness parcmeters were measured in two
stepa.

In the first series of tests the models were free to rotate to
the angle of attack for zero pitching moment about a pivot axis on
the balance. The normal—force coefficients were computed from
gimultoncous mecsurements of the floating angle and the pitching '
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moment about the model T/4 axis. These measuremsnts were made
throughout the test range of Mach number for several deflesctions
of each type of flap. The angle--of-attack and pitching-moment
data were then corrected to zero-lift conditions using normal—
force curve slopes determined by testing a representative model
of each plan form on a three—component 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 detalled dimensions are given in figure 2. Each
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 permit the model to rotate.

The control-flap anglce were obtained by bending the models
along the desired hingz lines. The edges of the flaps in the bent
condition werc straight within 0.0l inch. The grooves machined
near the hinge lines to provide relief for the bending operations
were filled with putty, as can be seen in figure 1, and rubbed
down to a smooth contour.

Balances

Two different types of recording balances were used during
the tests. On the floating balance illustrated schematically in.
figure 4 the models were free to rotate about a pivot axis (A e Y
ahead of the model leading edge. The angular position of the shaft
A — A was recorded photographically by an optical system using a
mirror mounted directly on the sheft. The pitching moment about
axis B — B was measured by electrical strain gages on &
cantilever arm restraining the shaft B — B in torsion. The strain-—
gage output was transmitted to a standard NACA recording galvanometer.
The longitudinal position of ths axis B ~ B was alined with the
€ /4 point on each model.

The other balance used was a small three-component strain-gage
balance which measurcd the normal force and pitching moment acting
on the model continuously as the model was oscillated through a
Tixed angle—of-attack range at an average rate of 1.6° .per second.
The rotation was about a lateral sxis passing through the guarter—

chord point of the mean aerodynamic choxd.
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BST STATION

Figure 5 is a photograph of the test station with a model
installed. The square vene in the upper pert of the photograph
is a reference vane connected to a selsyn instrument which records
the angle of inflow of the air stream over the test station. The
difference in inflow between the reference vane -and the test
station was measured using a symmetrical vene on the model balance.

The characteristics of the air flow over the test station are
sumarized in figure 6, which includes the surfoce chordwise and
the subsonic vertical Mach number distributions, and representative
boundary-leyer total-pressure profiles. The airplane spanwise
velocity distributions were also measured and the gradients were
found to be negligible,

The chordwise Mach numbey digtributions (fig, 6(a)) were
determined from o series of static—pressure measurements made at
the test stetion with no medel in place. These distributions were
quite flat, precluding any significant chordwise differences in
Mach number over the model erea. The flat pregsure digtribution
did tend to make the position of the main shock wave somewhat
uvnstable at local Mach numbers of 1.00 to 1.05. Appearance of a
shock wave on the test station was signoled by a definite unsteady
shift in the inflow angle indicated by the reference vone, and data
token under such conditions were not used.

The vertical Mach number grzdients at the test station were
checked indirectly by measuring the gpanwise distribution of local
Moch number at the 60-percent—chord point on a 10-inch-high wedge—
shaped airfoil located at the test station, The locel Mach numbers
(Tig. 6(b)) were computed from measurements of the total and static
pressvre on the surface of the wedge. The indicated gradientes
correspond quite closely to the Mach number correction factor of
0.98 Presented in reference 7 for use with = 5.69—inch—high model.
For the present tests of a 3-inch-high model, a correction factor
of 0,99 was applied to the trianguler—tip flap data and no
correction applied to the trailing—edge—type flap data.

The test station boundary-layer profiles (fig. 6(c)) were
measured with & small total-head roke. The results indicate that
the boundary layer should not have appreciably affected the air

flow over the root portion of the models and flaps.

The variation of model Reynolds number with test station Mach
number is presented in figure 7. The Reynolds numbers are based on
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he mean geometric chords of the models, 4,0 inches for the
triasngular plan form and 3.25 inches for the swept—back plan
form., The curves shown ere average values, having been computed
by assuming isentropic expansion to the test station from the

MACA standard atmosphere at the test pressure altitude of

15,000 feet. Computed deviations from the curves of figure 6
caused by differences in the free—air temperature and the pressure
altitude were found not to exceed #15 percent.

ACCURACY

The detailed discussion of accuracy is confined to the
accuracy of measurement of the various physical quantities
presented as test data. There are several factors inherent in
the wing—flow test technique which moy largely affect the useful—
nesa of the date for specific quantitative design purposes,
principally the effects of the chnormnlly low Reynolds numbers.
There are not, however, sufficient correlation data available at
the present time to justify discussion in this report. Pending
the availability of such data, the emphasis in the discussion has
been placed on the qualitative vesults of the tests and the trends
which are indicated.

Test Station

The evaluation of the test station Much number and dynamic
pressure is based on averaged measurements obtained during more than
50 check flights., Bach of the test points was recordec. during cn
individusl constent Mach number dive to obtain as steady flow as
possible over the test gtation. The veriations from the date of
figure 5(a) at any given airplane Mech number were found to be less
than #2 percent, and it 1s assumed that the same accuracy applies
to the test flights with the models in place.

Floating Balance

The model angle of attack apropp Vo8 determined from three

different measurements: the floating angle of the test balance,

he inflow angle indicated by the reference vanc, and the
calibrated difference in inflow between the model station and the
reference vane. The angular position of the test balance was
recorded by o direct optical system with an error of —0.1° to +0.3°%.

CONFIDENTIAL




NACA EM No. AT7G18 CONFIDENTIAL £

This error includes that due to deflection of the pitching-moment
gage, O to 0.2° for the range of pitching moment encountered. The
position of the reference vine was recorded by 2 selsyn system with
an over-all accuracy of iO.BO. The djfference in inflow between
the tost station and the reference varne varied about +0,1°. The
cumulative accuracy of the aproar dota is therefore +0.80, which
is o somewhat lorger error than is actuvally indicated by the amount

(&9

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

The accuracy of the floating-balance pitching-moment data is
limited by the sensitivity of the recording galvanometer and the
effect of ambient-temperature 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 no model in
place., Agreement obtained on different flights at similar balance
compartment temperatures indicates that this correction technique
reduced the zero shift error to the order of a OCp of +C,002 at
a Mach number of 0.5. The remainder of the scatter indicated in
figure 9 is attributed to insufficient galvanometer sensitivity.

Driven Balance

Angle—of-attack measurements in the driven balance are very
similar to those of the floating balance discussed previously.
The expected accuracy is the same, +0,8°,

Strain-gage measurements of the normal force and pitching
moment are subject to the same zerc—shift correction discussed
for the floating-balance pitching moments. The zero--shift errors
in this case, again at a Mach number of 0.50, are equivalent to
+0,01 Cy and +0,00L Cp. :

Continuous oscillation of the model during the runs introduced
another error in the form of hysteresis which can be observed by
comparing the data for increasing and decreasing angles of attack
in figures 10 and 11, This effect is very pronounced in the
pitching-moment data. (See fig. 11.) It should be ncteld that the
date are used in this report principally in the form of the slopes
dCyy/da and dC,/dCy and that these values are not affected by the
direction of rotation of the model, ’

Due to a slight asymmetry of the normal—forcé gages about the

neutral axis of the balance spindle, there was some interaction
between dreg end 1lift at high loads. In order to avoid errors
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greater than 0,01 in Cy, it was necess@ry to restrict the range of ‘
data presented to Cpy of +0.40.

RESULTS AND DATA ANALYSIS

The measured 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 are given in
figure 9. The driven balance force-—test results are presented in
figures 10 and 11 for the triangular plan form with ¢onstant—chord
flap and in figures 12 and 13 for the swept-back plan form, &f = 0°,

Results
|

Data Analysis

The geometrlc characteristice of the floating balance,
figure T, indicate that the measured floating angle is actually
the angle of attack for Cy = (c/4.3) Cp. In order to obtain
da/dof at zero Cy, the appoar data were corrected to a for
Cy = 0 = C1, by the eguation:

oy & o -

L, = WLOAT — O X on/an
The normal-force coefficients were computed as ('/h 3} a :

from the data of figure 9. The normal-force curve slopes dCH/da,

which are presented in figures 14 and 15 as a function of Mach

number, were determined from the data obtained on the driven

balance. (See figs. 10 and 12,) An example of this correction

procedure is presented in figure 16. The assumption has been made

that dCH/da is & function of plan form only and is not affected

by flap deflection., This assumption is supported by the datg of

figure 14 showing the normal-force curve slope unaffected by the

constant—chord flap deflected 15.2°,

The correction to zero lift conditions outlined in the
preceding peragraphs has been applied to the faired data of figure 8 A
at various increments of Mach number. The results are plotted in
figure 17 as curves of aL, against flap angle at constant Mach
. number. The desired lift—effectiveness paramcter da/dr wzs read .
as the average slope between &f = 50 and 15 These data are
presented in figure 18 for each type of flap as a function of Mach
number.
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A similar procedure was used to determine the pitching-moment
effectiveness de/de for the triangular—plan—form controls.
The pitching-moment slopes derived from the force~test data are
presented in figure 19, (CmTA )C s against 8¢ in figure 20, and
) L=

dCp/ddr as a function of Mach number in figure 21.

It will be noted from figure 19 that the constant-chord flap
deflected 15.20 decreased the pitching-moment slcpe dcm/dCN about
0.011. This change has been extrapolated to the other required
flap angles, and applied to the constant—percent--chord and trianguler
drooped—tip flaps as well. Due to the low values of Cy, the
actual slopes used to correct the fleating-balance data for the
triangular drooped—tip flaps te zero Cy do not have an appreciable
effect on the control-effectiveness slopes da/d%f and. de/dﬁf.

DISCUSSION
Reynolds Number and Separation Effects

Before proceeding with the general discussion it is advisable
te menticn the very limited amount of data obtained on Reynolds
number and separation effects. The Reynolds number range presented
in figure 7 represents the maximum attainable with the models on
the test airplane because of restrictions on the size of the flow
field over the airplane wing and the minimum gafe altitude for
conducting the necessary dives. 1t was possible to reduce the
Reynolds number by repeating flights at a higher test pressure
altitude (25,000 ft), and this was done during the flcating tests
of the triangular drocped—tip flap deflected 18,4°, These test
deta, added to figure 8(a) using diamond symbols, correspond to
Reynolds numbers of 500,000 to 1,000,000, rather than 700,000 to
1,300,000. There is no appreciable effect of Reyriolds number in
this very low range. All subsequent models were tested at 15,000
feet pressure altitude and the Reynolds numbers presented in figure 4.

In evaluating triangular or low-aspect-ratio plan-form data,
it should be remembercd that the Reynolds numbers are based on the
mean eerodynamic chord length and therefors, under cemparable test
conditions, are considerably larger thon those for more conven— -
tional straight wings of ‘equal area. ’

In view of the possible importance of separation effects, one
model, the triangular plan form with constant-cherd flap, was

1

tested first with the ridges caused by the bevels left sharp, and
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then tested with the edges polished .to a small radius. Although the
actual extent of separation and the amount it was affected by
rounding are unknown, there was no appreciable effect on the test
results; all other models were tested in the rounded condition only.

Flap Effectiveness

Significant direct comparisons of control effectiveness are
quite difficult to make when dealing with types of flaps having
hinge lines of varying degrees of sweep. One of the best bases for
comparing the relative effectiveness of different control.surfaces .
would be the hinge moment required at the hinge line to produce a
given increment of total 1lift or of pitching moment about & given
axis. Such a comparison would, however, require the use of hinge-—
moment data, which is beyond the¢ scope of the present tests.

The effectiveness parameter available from the test data is
do,/d®r. The use of this parameter, however, is complicated by the
fact that o is measured in a plane parallel to the relative
wind; whereas &p 1s usually measured in a plane perpendicular
to the hinge line. Thus, two flaps of equal arec may produce
equal increments of angle of attack when placed at the same angle
with respect to the relative wind, but the numerical value of
da/d6f 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 hinge-moment measure—
ments to determine the relative efficiencies correctly.

In the present report both the parameters da/ddr and
Cm/daf are presented with B&p measured in a plane perpendicular
to the hinge line. All comparisons in the following discussion
have been made on this basis., If it is desired to compute the
values of da/d6f or de/dBf based on flap angles measured in
a plane parallel to the free-stream direction, the necesgsary
conversion factors |(de/d8f),e15tive wind = conversion factor

P (d@/dﬁf)hinge l*néT to be applied to the summary deta of
figures 18 and 21 are presented in the following table:
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; |
' nge of control ! Converslon factor
R Semp e gea b e S T e e e e e

| Constant chord 1.00
. Constent percent

chord 1.08
i Triangular :
: drooped tip 25
' 435° swept back 5 1.41

Lift effectiveness.,~ The data presented in figure 18 show that
the constant—percent—-chord flap is the most effective triangular
plen-form control at low speeds: da/dSe = —0.46 at a Mach number
of 0,50, followed by the constani~chord flap, -0.42, and the
triangular drooped-tip flap, ~0.27. The relative positions of the
constant—chord and constant--percent-chord flaps immediately suggest
that the inbcard portion of the trailling edge is the most effective
area for the location of lift-producing flap—type controls at
subsonic speceds.,

Both the constant—percent—chord and the constant—chord flaps
appear to possess acceptably high effectiveness at low speeds on
the basis of the comparison presented in figure 18 with a constant—
chord flap on a straight wing, The value of da/dﬁf obtained at a
Mach number of 0.50 with the constant-20-percent—chord flap is only
10 percent less than that measured in the two-dimensional tests
of a 20-percent-chord plain flap on an NACA 65-210 airfoil section
reported in reference 8., The effectiveness of the 45° swept~back
flap, also presented in figure 18, is comparatively low, —0,25k
at a Mach number of 0.5.

At higher Mach numbers all three triangular plan—form controls
lose effectiveness graduvally, dropping to a minimum of about
55 percent of their low-speed effectiveness near a Mach number of
1.0, This graduel deterioration is in marked contrast with the
behavior of the plain—flap straight-wing combination, which
loses effectiveness very rapidly above a Mach number of Dets

At still higher speeds, above a Mach number of 1,00, the
triangular plan~form controls begin to recover effectiveness, The
constant-chord and triangular drooped~tip flaps recover quite
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rapidly to 70 percent of their low—speed effertiveness at a Mach
number of 1,075, ;

As would be expected the drop in effectiveness of the 45°
swept—-back flap is delayed to about a Mach number of 1.0. There is
no evidence of the recovery noted on the triangular plan—form
controls; however, it seems reasonable to assume that it wouvld
probably occur above the highest Mach number which could be reached
in the tests, 1.10.

Although the variation of angle of attack with flap angle,
shown in figure 17, is linear in the range (8p = 5° to 15°) used
in preparing figure 18, it is obvious that the curves of figure 17
will not be linear in some small rgnge on either side of zero flap
angle. The explanation of this result has not been determined., A
gimilar type of data showing the same behavior may be observed in
figure 6 of reference 6, The random variations in the sequence of
test Mach numbers and the fact that each flap angle was tested on
separate flights rule out the possibility of progressive experi-—
mental errors or zero shifts,

In view of the definition of flap angle as measured in a
plane perpendicular to the hinge line rather than parallel to the
free—stream direction, it is interesting to note in figure 17 that
both the constant—chord and the triangular drooped—tip flaps begin
to lose effectiveness at about the same flap angle, 15°, Up to a
Mach number of 0.60 the constant—percent—chord flap character—
igtics remain linear at 20.70, the highest flap angle tested.

Above a Mach number of 1,00 the constant—chord and triangular
drooped-tip flap characteristics become linear at the highest
angles tested; whereas those of the constant—percent—chord flap
begin to fall off at &p = 15° It will be noted from figure e
that the tendency to recover the low specd da/dao also was less
rronounced with this flap.

Pitching—moment effectiveness.— The ability of the three
triangular plan—form controls to produce a change in pitching
moment about the T/4 (50-percent-root chord) axis is summarized
in figure 21, The characteristics are very similar to the 1lift
effectiveness discussed previously except that the minimum
effectiveness occurs at slightly lower Mach numbers and the
tendency to recover at supersonic speeds is more pronounced. The
data do not indicate sufficilent differences in effectiveness between
the constant—chord and constant-percent-chord flaps to provide any
basis for selecting the best type of control,
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Figure 22, which is a reproduction of figure 7 of reference 7
with some of the present results added, swmarizes indications of
the effectiveness at transonic speeds of several types of controls
and plan forms by comparing the floating angles ip the transonic
speed range with the floating angle at a Mach number 0,70, Agailn
the figure emphasizes the contrast between the gradual moderate
loss in effectiveness and subsequent recovery of the triangular plan—
form controls, and the rapid and very severe changes experienced by
the straight—wing plain-flap and dive—recovery flap coubinations,
Also in figure 22, the swept—flap results (item (5)) are compared
with those obtained during other wing—flow-method tests (reference
6) of a similar configuration with & 14,1° gemivertex angle
(item (1)). The qualitative agreement is good, although the
present test configuration loses more effectiveness than that of
the referenced tests. This could be attributed to the slightly
different plan form of the model of reference 6.

Plan-form Characteristics

Triangular wing.— The variations of normsl-force curve slope
dCH/d@ and the pitching-moment slope dCp/dCy with Mach number
are presented in figures 14 and 19, respectively. It will be noted
from figures 10 and 11 that the normal force and pitching moment
vary linearly with angle of attack throushout the limited test
range.

The value of normal-force curve slope is quite high, 0,055,
and does not vary with Mach number through the range of the tests,
0.57 to 1.05. A slope of only 0.045 is indicated by the potential-
Tlow theory of reference 9, As reported in reference 10, & 25— 00t
span model of identical plan form with a symmetrical S-percent—
thick double-wedge alxrfoll section has been tested and a lift—curve
slope of 0,040 obtained.

The theoretical slopes computed according to Jones (reference 1)
and Brown (reference 2) have been added to figure 14 as a matter of
interest, although the excellent agreement is not too significant
in view of the limitations expressed in reference 1 with respect to
the magnitude of the semivertex angle and in reference 2 with respect
to the Mach number. In reference 1l an experimental criterion for
the high Mach number limit of applicebility of the lift-curve slope
derived in reference 1, dCL/da = 21 tan €, is presented in the form
tan € /tan m = 0,30. (See fig. 1k,) This criterion indicates that
Jones' derivation should apply throughout the range of test
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Mach numbers. The tests of reference 11, however, were conducted at
higher Mach numbers; consequently, the vertex engle at the critical
velue of tan E/Euq m was smaller and more nearly approximated the
assumptions expressed in reference 1 than did the present models,

The pitching-moment slopes (fig. 19} indicate that the
acrodynamic center was at approximately 36 percent T. Thie vgress
very well with the low—speed position of 37 percent T measured in
the previously disgussed tests of reference 10. The deflection of
the constant-chord flap l,.2 was slightly destabilizing, moving
the aerodynamic center forward 1l percent., The position of the
aserodynamic center did not change appreciably with Mach nuumber, so
that no critical plan-form characteristics were observel at low
1ift coefficients in the transonic speed range, :

This presentation of plan—form characteriastics has been
limited to a Cy renge of 10.40 in order tec remain within the
stated accuracy limits. That these results should not be
extrapolated to higher lift coefficients is definitely indicated
by the discussion of low—apeed tests presented in reference 10, It
was shown in tniﬂ reference that, at 1ift coefficients of approxi-
mately G.6 to 0,8, there was cons siderable separation of flow on
the sharp leading edges of the wing, resulting in distinct breaks

in the moment and force var“"tlonu with &ngle of attack in such a
way as to reduce the trailing-edge flap-controi eff w~L1V nesg. A
discussion of the effect of thlu flow separation on the 1lift-
producing effectiveness of a constant-chord split flap is inc luded in

the reference. Leading-edge separation in the case of a two--
dimensional wedge—shaped sirfoll has been discussed. in refereance 12,

Swept—back wing.— Figure 15 shows that the normal-force curve
slope drops off very slowly from O, Ohkliat low speeds to 0.04L at
a Mach number of 1.03 and then falls off more rapidly to 0.035 at
. Mach number of 1.,1. It is noteworthy that these data do not
WnQICJtC any increase in normal-force curve slope at high subsonic
Mach numbers.

The pitching-moment, slopes (fig. 23) again show little change
with Mach number up to a Mach number of 1.03. The aeerocdynamic
center almost coincides with the center of area, Above o Mach
number of 1,03 the serodynemic center moves farther aft and is at
55 percent € &t & Mach number of 1.i0. Although the gualitative
varistion is reasonable, the aerodynamic center location seems
to be considerably farther aft then comporison with the triangular
plan form would indicate.
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Angle of Zero Lift

The angle of zero lift of the triangular plan form with the
constant—chord flap defle-ted changed considerably with Mach number.
This veriation is shown in figure 24 using results from both the
force tests and the floating-angle tests to demonstrate that the
shift was not a peculiarity of one or the other test method. A
similsy shift is apparent in all of the floating—ongle data (fig. 8)
for the control surfaces tested on tne triangular plan form. The
equivalent shift in the pitching moment ot zero 1ift is shown in

Pigure 25.

Triengular Plan-Form Flying-Wing Characteristics

The results of the present tests havé been used to ecstimate
some of the characteristics of a hypothetical flying-wing airplane
of trisngular plan form with a constant—chord flap for longitudinal
control. A center-of—gravity position at 23 percent T and level -
flight at 40,000 feet altitude with & wing loading, of 45 pounds
per sduere foct have been assumed.

“Figure 26 presents the veriation of pitching-moment coeffi—
cient with normel-force coefficient at four flap angles for
several Mzch numbers. In figure 27, these date have been Cross—
plotted at the trim normal-force coefficient corresponding to each
Mach number. Since the models were symmetrical, it has been
assumed that up-flap deflection produced an equal pitching-mement
change of opposite gign to that meazsured for an equal down—flap
deflection. The curves of figure 27 are broken in the range
around Bp = 0° where Cy apparently-doss not-vary linsarly with
bfu i

The variation of flap angle required for balance with Mach
number, determined from the Cp = O intercepts on figure 27, is
prosented in figure 28. The total change in elevator angle
required for balence in the Mach number range from 0.70 T o LS 0TS
ie less then 2°. Therc do not sppear to be any stick—fixed-
control characteristics in the Mach number and lift—coefficient
range covered which would be critical in the design of the
longitudinal—control system.

CONCLUSIONS

The conclusions formed during this preliminary survey of the
problem of applying control surfaces to low-aspect-ratio wings of

CONFIDENTIAL



triangular plan form in the normal-force—cocfficient renge *0.40
may be summarized as follows:

1. The inboard pertion of the trailing edge was the most
effective arca tested for the location of a lift—producing flap—
type control at subsonic speeds. (In defining the effectiveness,
the f%ap angle was measurcd in a plans perpendicular to the hinge
lipges)

16 CONFIDENTIAL NACA RM No. A7G18 - A
2. Both constant—chord and constant-percent—chord trailing—

edge flaps eppcared to have satisfactory lift-producing effcctiveness

at low gpeeds when comparsd to a plain~flep straight—wing combination

of cqual flap arca to total-area ratios

|

3. All three triangular plan~form controls exhibited moderate

transonic characteristics, gradually losing about half of their

low—-speed effectiveness near a Mech number of 1.0 and then recover—

ing at higher specds.

4, Neither the plan-form lift-curve slopc nor the location
of the aserodynamic center changed apprecilably from Mach numbers of
0.54 to 1,07, Deflection of a constant—chord flap had a slightly
destabilizing cffect but did not change the lift—curve slopo.

5 The test results did not indicate any critical stick-{ixed
longitudinal~control characteristics 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 on a given design.

Amecs Acronautical Leboratory,
National Advisory Committec for Aeronautics,
Moffett Field, Celif.
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Figure l.— Low-aspect-ratio wing—control model series.
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Figure 3.— Low-aspect-ratio wing—control model with end plate
attached.
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Figure 5.~ Wing-flow-method test station with low-aspect
ratio wing—control model installed.

'ON WY VOVN

8IDLY

G ‘81g






NACA RM No. A7Gl18 Fig. 6 a
CONFIDENTIAL

x * b4 5
e — /*__/7 i
)ﬂa//;obx =76

A~

J2s t=Srarveor: Meach rarmboer, M
;

-5 —

A

P
a—35 4—-@-\@\ = L M

L s -~
- I
o l
> ol A
e - - o
o
e 7 \ l
_ 7 rmock/ focaTion .

P “—j— N

o - |
o—ZP w o o

-
&5— e - l
o
- l
[__._._._..____....._...____.__ ________ |
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
w L ) ) I | I |
ALY, 2 3 P & c 7

Chorawise arsrazce, (nches .
(@) 7yprcarl choravrse Mack puriker aistrbuations

frouwre 6. JEs/) Sltion characrerss7/Cs.
CONFIDENTIAL




CONFIDENTIAL

)
1

[\
I

Vertrcal distarce above wing , /nchHes

N
2 r Selgh T
or
(L AL Mﬂa’f/
0 . : l l COMMITTEf FOR AERONAUYICS]
4 5 -6 7 8 9 /0
Locar Macs runtber orn surrace of weage
(86) Typreal vertical Machkh rumber disirribulions obrained
by me@suring ressure ar 60 % chora oot o @ weage ool
focaleq @7 rhe fest STavion
frgure 6. corrineed

CONFIDENTIAL

q 9 "8tg

‘ON WY VOVN

8IDLV




N N W

s tarice above wing , /1726HES

Q

CONFIDENTIAL

'ON W8 VOVN

M’: 0'\52

b ”'{Szb
/'/oJ /”.f/af/af 0-82
—Hp 5 Mstation= 103
oy Mspation= /08
8IDLY

Nore: (alues of

A Skhowrr are r7or
correched ror 1he
eryec’s or compress-
oty orn 7%e
porrort fubes

T
—0
D

¥ o il
//0C /200 /300 /RO0 VA1 /600 /700 /800
72)"4//{2@&5”/?) //) /é,ﬂf/.v r NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

) Zyprcal bounarylayes profrles as measued a’ ’he rest
Skrtior ror several/ resr siation Mackh nutrbers

ATgure 6 .—— comcluded.

CONFIDENTIAL

29 "84




Moae/ Feyrol/ds rumber

CONFIDENTIAL

1,400,000 i 3
Based or7 /5ern’rgbl/c expar1s/orn
V7orr VACA srandard armosptrcre
arapressure all/lude of /5000 reet
/4200000
Triangular
poranform o — -
/
/
N
800,000 | —~ SwepT-back pl/anfory
g2 =325 m
/
/ COMalA’I'T;cE"E‘AFLO:%VE'gngAUT|CS
~
600,000 = I 1 | | L ]
4 & € 7 8 9 10 7/
Jesr-srarion Mach rumber, M
frgere 7. The variation of average mode/ feyrolas rurnber

With rest-sraltiorn Mach rwueneer,
CONFIDENTIAL

L *81g

‘ON W¥ VOVN

8IDLVY




CONFIDENTIAL

March rumber

|
N

|
A
T

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Floaring angle , Cyar 5 g
)
T

caaw /?ey/;a/a{s number range 706000 7o 4,300,000
@ “ v .5'00 000 fo /000 V/[7)7;

(a) Triangular arooped-7ip rap

fgure 8. ——— Jhe variation of F/oating angle , Xeppar s #/TH Mact
pumr ey ror sererals arrerenrr f/a,o arg/es.
CONFIDENTIAL

‘ON WY VOVN

8IDLY

e g "81q



CONFIDENTIAL

Machkh rwurmber

‘6

7

!
N
T

—

I
A
I

Floalting angte , &g, , ey
i
)
i

-/

(b) Canstant-chord Flap

cor Fraed

I

I

CONFIDENTIAL

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

q g "81q

'ON WY VOVN

8IDLV



CONFIDENTIAL
March rurrber

2 3 5 6 7 & 9 ’0 1/
| I 1 ! } 1 T =l
_z -
$
Jf =36 ai
L)Y
W4 r
:
A
o 740
N-6 |
N
|\
»
X-¢
\
R
/42-8°
/0 b
COM’:‘I:’:"S? AF‘E) RA g\é':g:x uTICS
/g
20.7° (C) Constart per cernt-choa ffap
v
Frgure 8. cont/trued

CONFIDENTIAL

‘ON Wd VOVN

8IDLVY

2 g *8ug



CONFIDENTIAL

March rurmbe.
L 5 -6 7 -

/0

//

|
W\
T

Floaling argle y Oy 5 ACF
|
® A
n 1

|
)
T

| 1 1 | {

//:3° (0)
/7/°—%=

() Swept-back consiart-chora rlap

8. —— corc/uaed,

CONFIDENTIAL

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

P 8 "81d

‘ON Wd VOVN

8IDLY




SUIching-rmomens: coerrrcensy €,y
R

)
)

$
s
N

$
}

Q

CONFIDENTIAL

3
© & OV Feyrolds number range 706000 fo /300000
£ - « 300000 fo 04000
dp=/34—_g 3 TR
| | | | ) | | =i
3 2 5 6 7 -8 9 10 ’/
March rurrber
(@) TFramgus/ar arooped—1ip riap
Fgure S, Variation oF €, wi?l Mackh rumoer weaswrea

Hutrorgy FToat7g angle resrs art severas arrrerenr
SSap arg/es . CONFIDENTIAL

‘ON WY VOVN

8IDLVY

e 6 81q



CONFIDENTIAL

—./6‘ —
§— /2 6’ ° ¥
< /85
.§ /52° 2
Q NATIONAL ADVISORY
* -'08 L COMMITTEE FOR AERONAUTICS
N
\\)
)
Y ,
{-vz
N
X
N
S 0 | L 1 1 I 1 | 1
X 3 & s 6 7 8 9 /0
1 March rarmber

(&) Consrammi-chord Fap
Frgare 7. cortinued’

CONFIDENTIAL

q 6 "8tg

‘ON WY VOVN

8IDLVY




K:E— /5
l\
R
N
@ -/2
g
N
Q
N\
N
§
|
|
N
N
ig
o

CONFIDENTIAL

CONFIDENTIAL

-
e = 207°
/A 4’5 ol NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
5 | Al :
— /3 o -
74 s ; ﬁ w
A A
3:6° o) A
[0} &S C 3 —G—0O 0.0,
i1 | ! | | 1 ]
3 £ 5 & 7 8 9 /0 ;
Mackh ruwrber
(C) Constar/ per cent-chora rap
frgure 9. corzrinued

'ON WY VOVN

8IDLV

26 *81q



Com

4
N

2290077171 cae//‘)&/éﬂf,

¢

A1/ g

I
®

Q

CONFIDENTIAL

-
| e B .
é QA Q
/ / '3 . [o) 0]
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
| L I I { 1 ! —
"3 . 5 6 7 -8 9 /O r/
Mcrcsh rumber

&) Swepr-back constant-chord Fiaw

S Tgure 9 .—— corcluaed.

CONFIDENTIAL

P 6 "81a

‘ON W4 VOVN

8IDLY




CONFIDENTIAL

Notke ! Flagged Symbols /racare O";\ y\c,‘)
aecreasing OL. ‘i\’ s °%°
laryr Syrbols /naica’e 0 O/J
rrcreasing <.

Noyma/Sore coelTicke

%
S8IDLVY ‘'ON INY VOVN

Cy

i N

' ¥
7

M d;r =/.5720

Frgure /0.

ctoral Flap. CONFIDENTIAL

-7

A

Viarviar Hor oF normatrarce coelficlent with angle of arlack ar
prrsous Aachnumbo@rs for FrIanguliar wing wiry copsiar’-

z 4

Apghe of atack, OC , deg

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

e o] "81g



ent, Cy
A

CONFIDENTIAL

Aormmar/-/orce coelfic/
]
™

Argure /0.

Angle of artack , e, deg

b)) dp =0°
corcluaed.

CONFIDENTIAL

Aote offse)forf X=0 ar/is
Jor eact Mach rumber

NATIONAL ADVISORY
GOMMITTEE FOR AERONAUTICS

q 01 ‘81g

‘ON IWd VOVN

8IDLV




CONFIDENTIAL
Nore : fragged synbols malcarke
aecreas/rng ol
Al Symbols /ratcare Q

mmCreasing & S
¥ $o /od ¥
¢ V¢ .

1
W

1
N

Normar-torce coerfvcrent, Cuy

1
T
=

I 1
T

0z 0 02 oy
SUEH/gerrmoment coerricient s €y
+-/
NATIONAL ADVISORY
= 2 COMMITTEE FOR AERONAUTICS
(@) 4,= /5-2°

Frgure [/. —— Parration of o/rching-rromert coerricien with normal-
Jorce coefFIcient Qi various Mach sumbers 7or Jriangu/ar

wWing with consiaw’-chora r/ap.
CONFIDENTIAL

8IDLV 'ON ¥ VOVN

® 11 ‘814



A
|

Norwra/-roree cosyr/c/

-

CONFIDENTIAL

| =)
o8 e -8
E g,
NATIONAL ADVISORY
d COMMITTEE FOR AERONAUTICS
Nore orfselt of Cpy=C
- S hing-rmomerrt coervrciernss Cpy aw/s 7or eact Mact

pourz ber
%) efe=0°

FogarE . corrc/uared.
CONFIDENTIAL

q 11 *81g

8IDLY 'ON WY VOVN




Aormal~rorae coelficient, Cy

CONFIDENTIAL

Aofe : Flagged Sypmlo/s /ravcare
“ atcreas/ingy .
STary Symnbols /raveare
wereasing X.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Argle orf arfack, O
L Aorte orTSel of o=0 ar/s Foreach Mack ruriker

Frgure /2.

Varialorn of forrric/-roree colrricient wirh argle of artack ar varrous Mact
Purnoers [or Sweol-oack plarnrorm, Se= 0%

CONFIDENTIAL

8IDLV 'ON W¥ VOVN

Z1 *81q



CONFIDENTIAL

Noie . Flagged symbols mrarale
8 alecreas/rny oc.

Aarsr Sgprkols /narcare
rEIEASI7G L.
& =
g =
2
o
+08

Norrwal-force coefficient, €y,

!
N

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

] !
_— l_ Afchiprgirrenient coerrickzrt, Cp,
Note offcet of Cpn=0 ais forcach Mach number
Argure /3, ——— Jariation of plrcl g ~moment cosiric/ent with normal~rorce coeltic/ent at various

AMach nuwbers For sweplback plan/orm, de=0°,
CONFIDENTIAL

AR 1T

81DLV 'ON W VOVN




CONFIDENTIAL

§
3 Coper vmit o
5 veation of Jones
LY fdﬂé//’aﬂ Y4 = 030
:g 06 - /‘/ Jones (rererence /)= 2 fane rererernce 9
@\ A 2 p——o—0—0_—0 oA—=—204
\Q L ————
~ a  Forge fesls, Se=0°
8\ Js E © Sforrve fesrs,de=/52° Erowr?
S / / reseremnce 2)
J A
\ Vi
\
N 4 L€
§ O0Z 7
X
§ 0 | 1 | | | | i
\ > & 6 7 -8 9 r0 7/
AN Mack pumber
frgure /¥ .——— Variarion or momai-one cuve stope wiiHh March nuwiber ror

Frrangular wing,A=Z, skowimng errecs ar riap aervecrion

and comjpar/san With 1Heory.
CONFIDENTIAL

8IDLVY ‘ON W¥ VDIVN

P1 81



NACA RM No. A7GI18

Fig. 15

AVILN3AIINOD
0= Z=t sy oG- fAOHS

LG SOQUNU YY) YYIM TS SALITD 2248/~ DMl O O HOHY /2] ¢/
AEGUNY YI0LY
// o 6 & L o & 1
| 1 | ! I ! I
SOILNVYNOY¥IV HO4 33LLINNOD
AYHOSIAQY TVNOILVN
/@/@/@’ L o o K
[0} [0) O—

TIVILN3AIINOD

2776/

$ ¥ o

bsp 130 ¢ 2L/ X0 ‘ao’a/.s SN2 Y/ OMAWY

N




CONFIDENTIAL

1
N
S

R
r
Aormaa/-Torce coeffrcient; Cy

&G, fa X From
rrgure /4

=
=
?
%
N

M=0-5"

L | 1 V Rt/ ] | 1
-2 o 2 P4

Angre of alrack,0l

=75 From ryare 9 (&)

Xy  7700m Figure 8(8)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Lin

frgure /6. Graphrea/ /Husrrarion or wmerhoa oFf correcl/’ng & epgr
F0 ay sy constamr-chord Hlap art M=0-5 ors example.

CONFIDENTIAL

‘ON W VDOVN

8IDLY

91 *814



CONFIDENTIAL

=
8 -8
\.\ Mackh rumber
< °© S0
8 A . w
\'\ o] 70
W-6 +
ST v &0
¥ o G0
% > 95
R 4 SO0
St -
3 ” + 105
% x /075
X
E /q
Q =2
W)
E\ NATIONAL ADVISORY
§ COMMITTEE FOR AERONAUTICS

o | | | | |

o = 8 /2 /6 20
Flap arngle,dy ,aeg

(@) 77rargular arogped=7ye 1140
Frgure [T .—— variatrorn of angk of arfack ar zero Ve a e A 7%

awq'/e b rarrvouUS Mach 1arnbers.
CONFIDENTIAL

® L1 "814

8IDLV 'ON WA VOVN




Fig. 17 b

A7G18

NACA RM No.

TIVILN3QIdNOD

PO —— *f ) SUNE/
Aot posrogy> etz suD ()
bop “p ‘Gbwe ooy
oz S/ e/ g z o
T T T T T o

SO NOSIAGY TvaLivN P, W

N

f 1)
e ﬂl 0

:\ W
»

S
4 g3
SLos % /pr
S50/ + W
ooy » N
56 4 -~ 9= M
o6- o B
os a R
a- o .; S
% - v QI:U/
a5 © o}
.

TIVILN3QIdNOD



NACA RM No. A7GI18

Fig. 17 ¢

WUNIOENOD o ip07 ——* Ly 20726/
Qo) posl Ol D=L 50 12e fUNof St ((3)
Lep ¢ p Sbwo abls
»Z 174 % r-7 8 » o

T T T T T T o
B DY IvROIITN ,W
D
.4 Z= /7
A
N
Q
A
L
N}
als > z
S0/ + W
oy » N
. IR
K220 #
o6 © (5
2 K
d, B 3
o9 v -1 g N
as. o »m
LMY YWY
4 o/-

IVILN3AIdNOD




arrack 7or zero /117, X , ,aeq
l | |
A o )

)
N

Q

Apaqte or

CONFIDENTIAL

e Mok rumber
e 50
& 60
@ ‘70
- b w
o 'S0
> -’y
SO0
i + JO5
/ X //0
COMMITTEE FOR AERONAUTICS
| | | | H 1 |
o 7 8 /2 /& 2 24 28

/‘7'74//3 /7.

flap ang/e,ds , deg
() Sweprt-back constantchoral rap
cornc/uaed.

CONFIDENTIAL

8IDLV ‘ON W¥ VIOVN

P LI "814




ajagfﬁp/sv
|
R
1)

3

§
1

)

CONFIDENTIAL

LLLLLLL & R

NACR 65-2/0 atrros/
20 % Chored porars Flap

de = +6° 10 ~6°

Doty rroey referemce 8

ISe s Esmed

-
———
——
——
- —

‘‘‘‘‘ NATIONAL ADVISORY

\ \\ COMMITTEE FOR AERONAUTICS

| | { | | | |

/C‘/'y’z//e /8.

5 & 7 8 9 /0 /s

Maech rurber

——— Vayrarion of /i7) - producrrg E778CIIreErness parameles;
( CCYL ) =0 s W79 Mach nunrber ror 7€ four corrro/
ConFigurarorns 1Csred, /7elaing corparison with SHalghl Wirg.

CONFIDENTIAL

81 814

‘ON WY VOVN

8IDLVY



CONFIDENTIAL

...,/6‘ —
Theorefical S/poe, aerodyramic cenrrer
a/f censey of area, = —25
N
I -/2 |
@ il W' e i’ el — A A
i o) e o
- © " © g ) o) LS
\’} -08 |- a df = 0°
Q o e =/52°
R
Q
v e
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
V7 ] | | el | il ]
o 5 € 7 -8 9 /0 /7

Neach rurmrber

Frgure /9. —— Larsatior of pircking-rmoment sipe with Mack
warror ror Jrrangalar wirg , A=2, showsirg erfect
or° copstars-chora ap aervecrior.

CONFIDENTIAL

‘ON WA VOVN

8IDLY

61 "814




CONFIDENTIAL

_..08 o
Mach wwrmrber

N Cy=0 °© -50
*s -06 B < 70

. 80
5 , o -90
D > 95
Q-0a | a /00
N + /05
D - x /075
§ & J

i—vz - g :

S NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

R

N

Q: o l | | | ]

o 7 8 /2 /6 20
o angle, I , ey

(@) Triangtar drooped-77p rfap

Virriatror off pr7ching-rroment coefric/ent a’ zero
LiEt itk Hap argle af various Mack 704177 BELS.
CONFIDENTIAL

Fraure Z0.

® 07 "814

'ON WY VOVN

8IDLY



CONFIDENTIAL

Mact rumber
o 50
A . 6‘0
@ 70
v &0
o 90
> 95
a f00
+ /0%
X / 0 75

Note thalt (b Scalke /s orly
one-ha/f as /arge as ‘ha’

—/E

&
\'\
N
8 -vz}h
RN
N
N

‘ \

| \ -8 |

| N
)
§
b o,
3z
R
L b ol i part's () and E).
& 0 | | | | et

o & 8 /=2 /6 20
fTap ang/e, de, dey
(b) Conrsrasri-chora rap
gure 20. corntirued

CONFIDENTIAL

8IDLY ‘ON WA VIDVN

q 02 "81g




5 C/ﬂ
! !
R %

!
N\

Afching-ronent coerricient
S

/‘?yare 20,

CONFIDENTIAL

Mach rumber
‘50
60
70
-80
80
‘95
/00
/05
//0

(O]

X 4+ & v © 4 0 b

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

| ] | | | 1

P 8 /2 /6 20 24
frapw angfe , Sp, adeg
(€) Cornstan) percerrcrrorad 77a0

corcruaed.
CONFIDENTIAL

2 0z ‘814

‘'ON WY VDOVN

8IDLVY




(;" C”/"Jf)gfo L Be=5 /5

CONFIDENTIAL

5 o 4”
=004 |- i

- 002 -
: 3 NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
o | | ! | | l 1
o s -6 7 8 9 /.0 /7
March rurmrboer
Frgure 2/, —— Variarvorn of prchmgmoment e/reciivensss wirh
Mactz rrunrber ror 745e Three rrangular w1y
Corr770/5. CONFIDENTIAL

8IDLV 'ON WY VOVN

12 "84



CONFIDENTIAL

Aote: Jtems 0), &), anal (D)

are reroaicea 7o Configuraton Aol Jectien — Contro/ dr Sowrce
[Pgere 7 of rer; 7
@ ,4? Har plare  plaom tlap  $°  rereé
&~ & 3 l ” ey plotk top 49°  rers
L, o \ N
- NACA e mecovery 20° %S
— w & I3 g0/2-34 P .
B e — Ty Plerinn e, 99°
e (~Q \
~ S ' const percenr~ 7.4°
o = ey
\\\ \@{\_ 5,’/‘&,\/'/ “ 4 . Ceaom presoat
n < ~
\(4) ,I \ 10, M Fratphate  ovain riage  //3°
i Y AN !
\ /
N ~
3 N
NATIONAL ADVISORY
] | | | COMMITTEE FOR AERONAUTICS
7 8 o /0 //
Mach rumber
Frgure 22. Sre/alne CITBCIIVenEss of Sereray o/anrarms arva confraf

SUrrHCE Crrangemenrs as arlermireal Ly NACA wing—r7on
methoa Floaling angle 7Es1S 177 1He Transac specd range.

CONFIDENTIAL

Z2 "81q

'ON WY VDOVN

8IDLY




CONFIDENTIAL

% ) J
G i e, G Q O—o © .
" Aeroqyramic cerrer
20 - a cepzer orareq
&
N
o
-0 |
N
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
0 1 | l 1 | | ]
L & 22 7 3 .9 70 /o
Alach rwmrber
Frgure 23 ———— [ariarion of plrehing-momenl sliope W//% Marcss

number jor Swepr-back plarrorr, A=2, de=0
CONFIDENTIAL

‘ON INYd VOVN

8IDLVY

¢z 814



(Y & A ) o

Angte or o/ Fack 5or zero /17, o /0 3 TEF

N

(")

A 5 'S 7

CONFIDENTIAL
Mearcsh rurrber

—®
©
N
Q
=
N

{ ! ! !

> T~
e -

T mmeasured
compcred o r7oa iy /n force /esrS
angle aara oF (rgere /0)

Sogure 8(5)

|

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

ATgure 24— Lorralion or angle Or arfack ror zero /117 wiit Macs

smber ror constonr-chora flap , de =/5R° comparing resu/’s
Srorr boty 7est methods.

CONFIDENTIAL

$2 "814

ON WY VOVN

8IDLY




CONFIDENTIAL

\§ :

5 ]
N
& measured /7 roree

S__,/z - /2.5‘)‘3‘, /‘/l?'”’? //

— 2

*S A o T~
N
g
J —108 — L
BN rwplred rvon o

Y rToaring resr aara, o
Fiy Fogure 9(4)

% —'M i

N COMMITTEE FOR AERONAUTICS
3
R | L | | | | -
X T« 5 6 7 8 P +0 7/
< Mach rumber

Aroure 25, s 1ity o ok g mioment coeriicient arzero /777

with Marckh rumber 1or consknt-chord 17ap, de=/52, comparing
sesUlrts From borh fest merhods.

CONFIDENTIAL

-

8IDLV ‘ON WY VOVN

Gz "81g



] R =
N Q N A

NVorsra/-foree coelfrient , C,

1
A

CONFIDENTIAL

T Frwz

1T corTicient

wing oading =45 Loer 5q I
a’ soo00 77

04

Tl A

-v/2 -/6 o4
Prrching —mormernt coerric/erny
Cor

() M= 070

~/2 -/6

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(b) M= 090

VarriarFor oF gutching-riomnerit coerivcrent with nommal-~force coe/1rcrent at consiant

Hapo angle for various Mach nuribers . rrangular planiomrn: with consiant-chod 77ap0 .

CONFIDENTIAL

q ‘e 97 ‘814

‘ON WY VOVN

81DLY




7 Cy
Q N

Norwia/-rorce coe/7ic/emn
|
N

CONFIDENTIAL

0 0
0 . v c)
'bg ;b //\O’ ,’\Q)
% 9% Gk
1 |
-.08. - /2 - /6 o
(T Iclhing-rmoment coerricient
Cor
€) M= ,00
Frowre 26.— corcricaled,

CONFIDENTIAL

COMMITTEE FOR AERONAUTICS

8IDLV 'ON WY VDVN

é

(@) M= /075

NATIONAL ADVISORY

P97 "B



CONFIDENTIAL

1% X S C”..?"
NN 50107
Q _§ M~
18
RS 20
< § ew”
N o 63
/45/07 ,/:00)0‘

/
e
///94 NATIONAL ADVISORY
/// ‘ COMMITTEE FOR AERONAUTICS
PO / | | | | |
‘3/ =% wpo O abwr ¥ 8 /2 /6 20
Ao arghe, de , aeg
of
Frgure 27. Varzalron of pr7cti/rg-moment coer/7rciernr wirh

r/ap angfe at specrrved Mack numkers oz

POV PP7H/~ VDI e COCITIC/177s.

CONFIDENTIAL

L2 *81a

8IDLY 'ON IN¥ VOVN




NACA RM No. A7G18

r bavarce, deg

Flap arngle regured’ 1o

{ |
A )

‘
N

N Ao «pP

CONFIDENTIAL

i

ASSurmprions
Sere/ 1light af 4000 FF
@/ wake
wing Joading 45 /bsper g Vi a
center of gravity at 25% €
/5D Yo rootclhord)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

| | | |

7 ‘8 9 /0 //

Macsh rumnrber

fTgure 88. ——Varration of 1he [Tap angle reguired

For-batance with Mack rumber
FOr Ir1ang Ul r /a7 1077 11yl rg-wirrg
ConFrgura trorn with consiani-crora
/2. CONFIDENTIAL

Fig. 28



