'r

i Dt A - B 4 Tm@httpS://ntrS.nasa.gov/search.jsp’?R=19790018924 2020-03-21T722:45:26+00:00Z

. L I N R 1 FYRTEY S KRR N VAU RNI
B AL P B P R S A '-*-"‘?V*”L'!'%-’%c_l"““v‘”’f‘-‘"f"’g-i‘,q

NASA Technical Memorandum §.083

(,NASA*'TH-BOOEB) INFLUENCE OF OPTIMIZED N79~27095
LEADING~EDGE DEFLECTION AND GEOMETRIC ¢eq

ANHEDRAL ON THE LOW~-SPEED AERODYNAMIC " O(f M¥ Aot
CHARHCTERISTICS OF A LOW~-ASPECT-RATIO HIGHLY  Unclas.
SWEPT ARROW-WING CONFIGURATYION (NASA) 53 p G3/02 29305

INFLUENCE OF OPTINIZED LEADING-EDGE DEFLECT|ON ;
AND GEOMETRIC ANHEDRAL ON THE LOW-SPEED : ‘
AERODYNAMIC CHARACTERISTICS OF A LOW-ASPECT- '
RATIO HIGHLY SWEPT ARROW-WING CONFIGURATION

| !
Paul L. Coe, Jr. and Jarrett K. Huffman ’
|
i
!
June 1979 |
~ZTTa
I
"f'lt ’ * v ‘:,“.r‘
u-(‘é\' AR - A\
W ages
NASN LS
'\(\’)\ »46(.‘[?" . c‘n’llj
National Aeronautics and - \‘C‘é > ‘7:"3’3;1"( \:\;‘f
Space Administration Vi, ,&u/
Langley Research Center Ry ’1[1“‘3}95

Hampton, Virginia 23665 »

.




Seedes CJOER

SUMMARY

An investigation has been conducted in the Lanaley 7- by 10-foot tunnel to
deterinine the influence of an optimized leading-edge deflection on the low-speed
acrodynamic performance .of a configuration with. a Tow-aspect-ratio, highly swent
wing. Tests have also been conducted to determine the sensitivity of the
Tateral-stability derivative (CZB) to geometric anhedral.

The optimized leadino-edge deflection was developed by aligninag the leading
cedge with the incoming .flow along the entire span.. Owing to the spanwise varia-
tion of upwash, the resulting optimized .leadina. edge was a smooth, continuously
warped surface for which the deflection varied from 160 at the side of body to .
500 at the wing tip. For the particular configuration studied, levels of
leading-edqe suction on the order of 90 percent were achieved with the smooth,
continuously warped leading-edge contour. Attempts to approximate this smooth
contour by a series of discrete deflections of a multi-segmented.leadina-edae
system resulted in substantial increments in drag. The drag increments, intro-
duced by the surface discontinuities of the multi-segmented system, markedly
reduced the aerodynamic performance.

NDeflecting the leadina edae was found to provide a favorable reduction
in the inherently hiah level of (. Comparison of experimental results with

simple theoretical estimates of 0C7,/0C shows that excellent correlation

exists for conditions of attached flow. Furthermore, the results of tests con-
ducted to determine the sensitivity of C;, to geometric anhedral indicate

values of dCp, /01" which are in reasonable aqreement with estimates provided by
simple vortoxf%attice theories.

INTRODUCTON

The National Aeronautics and Space Administration is currently
investigating the aerodynamic characteristics of advanced aircraft concepts
which are capable of cruising efficiently at supersonic speeds. These concen-
tual designs are representative of future generation commercial and military
vehicles and incorporate wing sweeps on the order of 700 to 800, (See, for
example, refs. 1 and 2.) Unfortunately, owing to the hiah wing sweeps, such
configurations have traditionally exhibited unacceptable low-speed charac-
teristics. The most sianificant of these unacceptable characteristics beina
deficiencies in low-speed performance and excessively high levels of effective
dihedral (CZ Y. The present investiaation is part of the Swept-Wina Aerodynamic

Technoloay (SWAT) effort. This effort is intended to yield fundamental infor-
mation necessary to mrovide hiaghly swept-wina desians with acceptable Tow-speed
characteristics.
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Previous low-speed studies with a confiquration having the same wing
gcometry as the present model are reported in references 3 to 6. The present
study was specifically intended to: (1) provide an assossment of. the aeroclynamic
performance benefits which could be achieved with a suitably optimized Teading
edae; and (2) determine the -sensitivity of the lateral-stability derivative
(C?B) to geometric anhedral.,

The tests were conducted in the Lanaley.7- by 10-foot tunnel over an angle-
of-attack ranae from about -6° to 150 for sidesTip anales of 00 and +50, The.

tests were conducted at a Reynolds number (based on the wina mean aerodynamic
chord) of about 2.8 x 106,

SYMROLS

The longitudinal data are referred to the stability system of axes, and the
lateral-directional data are referred to the body system of axes as. illustrated
in figure 1. The moment reference center for the tests was located at 59.166
percent of the wing-reference mean aerodynamic chord. The wing-reference area
and reference mean aerodynamic chord are based on the wing planform which results
from extending the inboard (749) Teading-edge sweep anqle and the outboard
(41.45790) trailing-edqe sweep anqle to the model center line. (See fig. 2.)

The dimensional quantities herein are given in both the International
System of Units (SI) and the U.S. Customary Units.

Afus fuselage cross-sectional area, m? (ft2)
AR aspect ratio

b wing span, m (ft)

Cp draq coefficient, Draa/aSper

CDj induced draq coefficient

CDmin minimum drag coefficient

Cp drag coefficient of equivalent confiouration without twist and camber
sym at zero lift

CL Tift coefficient, Lift/aSyar

C rolling-moment coefficient, Rollina moment/aSyefb
Cm pitching-moment coefticient, Pitchinag moment/qSyefC
Ch yawing-moment coefficient, Yawina moment/aS,gesb

Cy side-force coefficient, Side force/qSper

c reference mean aerodynamic chord, m (ft)

e ek mm mairbaine



q free-stream dynamic pressure, Pa (1bf/ft2)
S leading-edqe sucticn parameter
Spef  reference wing area, m2 (ft2).
X,Y,Z"  body axis coordinates .
Xfus
a angle of attack, deq
B. angle. of sideslip, deq
r
at span station y, deg
M.ra
SL.E.
€ upwash anale, deg
£
: deq (see fig. 1)
iﬁl Derivatives:
E CLG = 3C| /da, per dearee

fuselage body station, oriqin at nose, positive rearward, m (ft)

increment in geometric anhedral, relative to the basic wing geometry,

increment 1in geometric anhedral, relative to the basic wing geometry,
at .span.stations y1 and y2, respectively, deg (see fig. 2(a))

leading-edge deflection, positive when leading edge is down,. deg

X-Y projection of the included anale between the local flow direction
at the leading edqe and a ray normal to. the leading-edge hinge line,

CZB = 3C,/38, per dearce

(]
=
1

= 3Ch/38 , per dearee

CYB = 3Cy/3B,. per dearee

The dimensional characteristics of the model used in the present study are

listed in table 1 and shown in fiqures 2 and 3. The winq geometry is in confor-

mance with the cruise shape geometry defined in reference 7. A photoaraph of

the model in the Langley 7- by 10-foot tunnel is presented in fiqure 4.

Previous studies with confiqurations havina the same wing aeometry as the
t present model are reported in references 3 through 6.

The present study was

intended to- address aeneric problems associated with hiahly swept winas:
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consequently, the model did not incorporate either nacelles or.an aft fuselaae.
The model-did, however, .incorporate a multi-seamented leadina edae which
permitted continuously variable deflections from 00 tg 60O about the 70,6880
swept hinge Tine. (See fig. 2.) This particular hinae 1ine was selected. to
allow a direct comparison with results from reference 5. . The model further
incerporated anhedral breaks at span stations ¥/bs2 = 0.234. and 0.736 which
permitted the inclusion of additional geometric anhedral.

TESTS AND CORRECTIONS

The investiaation was conducted in the Lanaley 7- by. 10-foot high-speed
tunnel. . (See ref. 8 for a description of the tunnel.) Forces and moments
were measured with a standard six-component strain-caae balance mounted inter-
+al to the_model. The tests were conducted at a dynamic pressure of 1436.4 Pa
(30 1bf/ft2). This value of dynamic pressure resulted in a Reynolds number
(based on.the wing mean aerodynamic chord) of 2.8 x 100 at a.corresponding
Mach number of 0.74, The anqle of attack ranged from about -69 to 159 for:
sideslip- angles of 00 and +50. Both anale of attack and sideslip have been
corrected for the effect of sting and balance bending under aerodynamic load.

The data have been corrected for Jet-boundary and blockaae effects using
the methods outlined in reference 9 and 10, respectively. Balance chamber
pressure and model base pressure were measured and the draq measurements
adjusted to correspond to conditions of frce-stream static pressure acting
over the base of the model. .

In accordance with the method of reference 11, 0.16 cm (0.0625 in.) wide
transition strips of no. 70 carborundum arains were placed 3.81 cm (1.5 in.)
aft of the leadina edges of the wine and outboard vertical tails. Similarly,
no. 80 carborundum arains were placed 3.31 cm (1.5 in.) aft of the model nose.

PRESENTATTON OF RESHLTS

A run schedule and tabular listina of data are provided in the data
supnlement at the end of this report. Thoe rosults and discussion arc pre-
sented in accordance with the followina outlire:

Paae Fiaure
Longitudinal aerodynamic characteristics
Configuration with undeflected leading adge..... eree D cresesss D=6
Effect of leading-edae deflection......... Ceeesereenas . D crseeee 7=16

Lateral-directional characteristics

Confiquration with undeflected leading edae.....vovveve 9 vuvvnnnn. 17
Effect of leading edqe deflection......... U P 2o [
Cffect of qeometric anhedral.....ociviviiivnennnen 10 oununn... 2022
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The present study was intended to addross generic problems associated
with highly swept wings; thercfore, the model did not incorporate either
nacelles or an aft fuselage. In order to provide some insight inte the
possible effects such configuration components may have on absoluate quan-
tities, suitable comparisons are made (where possible) with data obtained for
a model which had the same wing aeometry, but included both underwing nacelles

and an aft fuselage (see ref, 5), It should'be<noted, however, that in-addi- .

tion to the obvioys nacelle and aft fuselaqge differences, the model of .
reference & incorporated a fuselage with g different Cross-sectional area
distribution (see fig., 3). In as much. as the fuselages of both the present
model and the model of reference 5 had the 'same centroidal axis, the dif-

ference in cross-sectional area also results in a difference 1nvwing-body
intersection.

Longitudinal Aerodynamic Characteristics

Configuration with undeflected leading edqe.- Figure 5 presents the
longitudinal aerodynamic characteristics for the present configuration with
indeflected leading edges (6., =0). At low angles of attack (« < 20), the
Tift and pitching-moment coefficients are seen to be fairly. linear. The 1ift-
curve slope and neutral point are- evaluated to be 0,037 deg-l and 0.5505 ¢,
raspectively and are in reasonable agreement with the theoretically predicted
values (0.036 and 0.5312 T) discus<ed in reference 6. For angles of attack
from about 20 tg 40, the flow over the main wing panels remains well attached;
however, previous studies (see ref. 5), using smoke-flow visualization have
indicated the existence of a tightly wound vortex formed close to the surface
along the lTeading edge of the outboard wing panel. As might be anticipated,
the existence of this tightly wound vortex is found to be accompanied by a
small increase in lTongitudinal stability. At angles of attack greater than
=40 the data indicate the existence of a vortex-1ift increment and a
corresponding pitch-up tendency. This result is attributed to the simulta-
neous formation of classical wing-apex vortices and to the separation of the
tightly wound vortex from the outboard wing panel.

Figure 6 presents.a comparison of the data of figure 5 with the
corresponding data from reference 5, The data of reference 5 exhibit trends
which are identical to those of the present model,. However, the geometric
differences resylt in differences in the quantative valyes. Obviously, the
lower value of drag exhibited by the present model results from the reduced
skin-friction and interference drag associated with the omission of the aft
fuselage and underwing nacelles. The neqative increment in the pitching
moment of the present ‘model is attributed to the omission of the down-loaded
aft fuselage (see ref. 5). The difference in the vortex-1ift increment for
the two confiqurations is not well inderstood. However, this difference
probably arises from the difference in the wing~-body intersection which may
affect the formation of the wing-apex vortices,

aerodynamic characteristics_for the configuration with a uniform 300
deflection of the entire leading edqe (sce fia. 2). As has been shown in

Effect of Teading-edge deflection.- Figure 7 presents the longitudinal
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reference 5, this leading-edge deflection results in fairly well attached flow
for angles of attack from about 00 to 80, Fop angles of attack greater than
80, flow-visualization studies. show the onsct of a classical leading-edge vor-
tex separation originating at about tho mid-point of the wing semispan., It
should also be noted, that at very low angles of attack (a < 09), deflecting
the leading edges, apparently results in flow separation on the Tower wing
surfaces as evidenced by the nonlinearity in CL versus «a. Figure 7 also
presents the longitudinal aerodynamiz data from reference 5 for the comparable
(8L,g, = 300) condition. As.can be seen, the differences in data for the pre-
sent tests and reference 5 are generally similar to those previously discussed
for the O g, = 00 condition. As expected, with the leading edges deflected
to suppress the leading-edge vortices, excellent agreement in C_ versus « is
obtained over the angle-of-attack range tested,

Figure 8 provides a comparison of the data.for the conditions of
L.E, = 00 and 30°. As has been noted in reference 5, deflecting the wing
leading edges to eliminate the. vortex flow reduces the undesirable vortex
induced pitch-up tendency and also reduces.the vortex related. drag. In order .
to permit a quantative evaluation of the performance improvement achieved by
leading-edge deflection, figure 8 also presents the theoretical polars
corresponding to the conditions of: (1) minimum. induced drag (100-percent
leading-edge suction) and (2) full leading-edge separation with no subsequent

flow attachment (0-percent leading-edge suction). These conditions are
defined herein as

Cp

Cogym * CL2/mAR (1)

and

Cp = CDsym + C tan (CL/CLa) (2)

It should be noted that equations. (1) and (2) are, of course, valid only for
symmetric wings with no twist or camber and are presented herein solely to
permit the aerodynamic performance: (achieved by the various leading-edge
treatments) to be quantified. This is accomplished by introducing the
leading-edge suction parameter S (see ref. 12 for a comprehensive discussion
of leading-edge suction) defined herein as

s = O = [Cooyp * Co tan (Cr/c )]
CLé/ AR - Cp tan (CL/CLG) (3)

It should be noted than in equations (2) and (3), the quantity C, tan (CL{CLQ)
has been used in place of the more customary CL tana. (See.ref. 12.) This
present notation has been introduced to insure a common basis for comparison
of leading-edge suction for the various leading-edge treatments. The‘va1u9 of
Cnsmn has been estimated for the present model tests using the relationship
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Evaluation of equation (4) yields CDS - 0.0096. The value of CLa has been

determined experimentally (for the linear region of C_ versus &) to be 0.037
and, as mentioned previously, is in agreement with theoretical .results.

Figure 9 presents the calculated values of leading-edge suction. As can be
seen, the uniform 30° deflection results in substantially increased values rela-
tive to the § g, = 00 condition. This result is similar to the results pre-
sented in reference 5, wherein this uniform 300 deflection was intially
considered. As pointed out in reference 5, the uniform 300 does not represent.
an optimum condition. In fact, the uniform 300 deflection is considered to be
over-deflected in the apex region, while being under-deflected further outboard.
This situation developed because the leading-edge system tested in reference 5
was Timited to four segments, and attempts to optimize the leading-edge deflec-
tion by aligning the leading edge with the local upwash (as will be discussed)
resulted in large discontinuities in contour. These large discontinuities. were
found to result in quite pronounced regions of separated flow, which substan-
tially degraded the performance. Consequently, the uniform 300 deflection was
considered an appropriate compromise.

In.as much as the present configuration employed a multi-segmented leading
edge (which could be capable of approximating a continuously warped surface), an
attempt was made to optimize the spanwise variation of leading-edge deflection.
The optimal leading edge is considered herein as one for which the leading edge
is aligned with the upwash along the entire span. Since a= 100 is representa-
tive of the angle-of-attack condition for Tow-speed operations, attempts were
made to obtain attached flow for angles of attack at least up to this condition.

Figure 10 presents the theoretical spanwise variation of upwash (¢)
obtained with a vortex-lattice computational model at an angle of attack of 109
(see refs. 5 and 13). In general, for a swept hinge 1ine, the angular deflec-
tion required to align the leading edge with an upwash angle € would be
defined by the standard relationship of sweap theory

SL.g. = ton-! [Lang] (5)

However, previous smoke flow-visualization studies (see ref. 5) have shown that
the incoming flow is approximately perpendicular to the hinge 1ine (£ = 09), and
therefore, equation (5) yields the simple result that OL.E. = €.

With the model at o = 100 and with the leading edge deflected to approximate
the upwash schedule of figure 10, observtions of wool surface tufts revealed flow
separation originating outboard. of Y/vy2 = 0.5. This result appeared to be
attributal to the fairly sharp- corner introduced by rather high deflection about
the simple hinge Tine. Accordingly, the leading-edge deflection of the




inboard.span was reduced unti] a condition was reached wherein further rediuctions
resulted. in classical leading-edge vortex separatior. The multi-segmented-lead-
ina edge was then faired and smoothed to eliminate leadina-edge discontinuities,
The spanwise variation of leading-edqe deflection, as developed above, is com-
pared in fiqure 171 with the. theoretical upwash. The leading-edge deflection
schedule is seen to define a continuously warped surface which varies from 160
inboard to 509 qytboard. This leading-edqe geometry will herein after be
designated as §_ g, = 160. - 500,

Figure 12 presents the Tongitudinal aerodynamic characteristics obtained
with 8 g, = 160 - 500, while figure 13 presents.a comparison of these data with
the previously discussed results for the §.,6. = 00 and. 300 conditions. As can
be seen, the data for 6L.E, = 160 - 500 indicate attached flow conditions for
angles of atack from abouf’00 to 100. At angles of attack above 109, vortex
separation was observed to originate along the Teading edge outboard of y/b/Q =
0.5. The occurence of this leading-edge separation is seen to be consistent
with the slight pitch-up characteristic.exhibited.by the data of figure 12. .

The Teading-edge suctiop parame” * obtained with the above continuously
warped leading-edge geometry (8L .p, = 160 - 500) is presented in figure 14, As
can been seen, § . = 169 resylts in a substantial improvement in the -aerodyna-
mic performance relative to the previous .6 g, = 300 geometry. In particular,

Sl,E, = 169 - 500 is seen to achieve values of suction on the order of S0 percent
at representative second seament climb conditions (i,e., CL~ 0.3). However, at
higher values of CL  the level of Teadina-edge suction is substantially
reduced. It should be noted that the model tested 'did not employ trailing-edge
flaps, and therefore, the higher values of CL were achieved at fairly high
anales of attack. Consequently, the values of § presented for the high-1ift
conditions are not representative, Based on the results presented in reference
5, it is anticipated that the use of a trailina-edge flap system would permit
increased levels of suction to be achieved for the high-1ift condition. .

The effect of Reynolds number on the leading-edae suction parameter has
been discussed in reference 12, The results presented therein indicate that
increasing the Reynolds number from the Tow values of the-present tests to
actual flight values will result in only modest increases in S for the
separated flow condition (e.q., the condition discussed herein with SL.g, = 00),
However, fer-attached flow conditions (as achieved with SL.E. = 160 -7500),
increasing Reynolds number results in pronounced increases in S. Based on
these-results, it would appear that the Tevel of leading-edge suction parameter
achiaved with the attached flow, 8 g, = 160 - 500 deflection is conservative,

It is recognized that while the continuously warped leadinag edae would pro-
v.ide marked improvements in Tow-speed aerodynamic performance, the mechanical
complexity required to generate this smooth contour from the high-speed cruise
shape may. 7imit its practical application, Correspondingly, tests were con-
ducted in which the leading-edqe deflection (8L,E, = 160 ~ 500) was preserved,
but the fairing between the adjacent seqments of the multi-seamented system
removed. Fiqure 15 presents a comparison of the Tonaitudinal data obtained with
SL.E, = 160 - 500 for both faired and unfaired conditions. As can be seen, the
impact of removina the leadina-edqe fairings is larqely limited to an increase
in drag. This result correlates wel) with observations made of wool tufts
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during the 1imited flow visualization portion of the tests. Although no Targe
regions. of separation could be attributed to the removal of the segment
fairings, the tufts were observed to be slightly more unsteady, thereby indi-
cating Tocalized regions of separation. Consideration of the leading-edge suc-
tion parameter presented in figure- 16 shows that the discrete multi-segmented
Teading edge with 8L .F, = 169 - 500 exhibits levels of the leading-edge suction
parameter which are befow those values achieved with the simple uniform 300
deflection.

lLateral-Directional Characteristics

Configuration with undeflected leading edge.- Figure 17 presents the-
lateral-directional stability derivatives for the present configuration with
undeflected leading edges. Also presented in figure 17 are corresponding
results from reference 5 which, as previously mentioned, were obtained with a
model .which had the same wing geometry but incorporated a different fuselage and
included under-wing nacelles. As can be seen from figure 17, both configurations
exhibit neutrally stable values of static directional stability (Cn,) for angles

of attack up to about 40, For angles of attack greater than 49 (corresponding
to the angle of attack for which the wing-apex-vortices are first evident), the
configuration exhibits a marked increase in . Cnp- This phenomenon has been

observed previously (see ref. 5) and has been attributed to the interaction of
the wing-apex vortices with the forward portion of the configuration.

The data of figure 17 also show that both configurations exhibit high
levels of effective dihedral (CZ ), as would be expected for the low-aspect-
ratio wing. References 14 and 15 have shown that these high levels of C(p,
typically result in Dutch roll instabilities and reversals in pilot-commanded
roll rates. The analysis of reference 4 has also shown that, because of Timited
lateral-control capabilities (typical of Tow-aspect-ratio wings), the high
values of C1p would necessitate excessive approach speeds to meet currently
accepted cross-wind landing requirements.

It is interesting to note that although both the present configuration and
the configuration of reference 5 exhibit about the same slope of C;, versusa,

the magnitude of CZB for. the present configuration is reduced. THis reduction

in Cyp s believed to be due to the omission of the under-wing nacelles and to
a difference in the aft wing-body intersection.

Effect of wing leading-edge deflection.- Figure 18 presents the lateral-
directional stability derivatives for the configuration with 8L.g. = 00, 300,
and 169 - 500, As can be seen by comparison of the results presented, both of
the deflected leading edge geometries resulted in a reduction in Cp,. The
reduction in Cp, at low angles of attack is simply due to the deflected
leading edge providing an increased vertical area forward of the moment
reference center. At higher angles of attack, the dramatic reduction in C”B
is, of course, associated with the suppression of the wing-apex-vortices.
Although this reduction in C"B at hioh angles of attack may appear to be

adverse, previous studies (see ref. 17) have shown that positive increments in
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Cn),,when originating forward. of the centor of gravity (as is the case considered
herein), are accompanied by undesirahie reductions in damping in yaw.

Consequently, defiection of the leading edge may also fmprove the high angle-of-
‘ttack directional stability characteristics.

The data of figure 18 alse indicate that deflecting the leading edge yields
a favorable increment in Cia+ This result is primarily due to the simple

increase in geometric anhedral which accompanies the leading-edge deflections.
Figure 19 presents these same data as the variation of Clz with respect to

CL for the various leading-edge deflections. Noted on the figures are the
regions of separated and attached flow, as discussed in connection with figures
5, 7, and 12. As can be seen by comparison of the results presented for the
conditions under which attached flow exists, positive increments in Cl of

0.00016 and 0.00022 are obtained (relative to 6L.g. = 00) for & g, = 300 and
169 - 500, respectively.

It should be noted, that for conditions of attached flow, 9Cyp/aCL  is

found to be independent of leading-edge ‘geometry and has a value of -0.0058.
This value of  C7,/0C_ 1is in excellent agreement with the value of -0.0061

obtained from the 'expression

aC;/oc =2 -1 .27
BT3RS 360 _ (6)

which is developed in reference 18. The break in the slope of Cig versus (i

is a product of flow separation. In as much as a properly designed configura-
tion would be intended to operate with attached flow, the values of Cip for

conditions of separated flow are not applicable. Extrapolation of the attached
Tlow results to higher 1ift coefficients (as could be achieved with a simple
trailing-edge flap system) shows that the configuration would exhibit values of
CZB of about -0.003 at a nominal approach 1ift coefficient of 0.6.

Effect of geometric anhedral.- The results of the preceding section indica-
tes that, as expected, high values of Cin are inherent to the low-aspect-ratio
highly swept wing. Consequently, tests were conducted in order to determine the
sensitivity of Cip to additional gcometric anhedral and to correlate these

results with existing theory. These tests were conducted with the geometric
anhedral increased at span stations Y/ps2 = 0.234 and 0.736 (see fig. 1). The
leading-edge geometry for the configuration during this phase of the study was
limited to the continuously warped § . = 160 - 500 condition, which was pre-
viously founu to exhibit superior Tongitudinal performance. Examination of. the
tabultated data (presented in the data supplement at the end of this report) for
the various anhedral angles tested shows that the longitudinal variables were not
influenced by anhedral. The data further show that the geometric anhedral does
not have any significant effect on the directional stability characteristics..
Consequently, the discussion is limited to a consideration of the influence of
geometric anhedral on CLB.

10
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Figure 20 presents the variation of Cig- with C_ for the various anhedral

ang’e combinations tested. From theoretical considerations, it would. be expected
that the values of aCla /0T (as determined by cross-plotting the data of fig. 20)
wou'id be constant for-attached flow conditions. However, analysis of the data of
figure 20 shows that 01, /3T increases with incraasing 1ift coefficient. To
determine the additive nﬁlure of the experimental results for Cig versus ([,

a selected combination of Iy = 40 and I =110 was tested. The experimental
results (see fig. 21) are seen to compare well with results obtained by adding
the experimentally determined incremental values of Clﬁ presented in figure 20.

Figure 22 presents. the theoretical variation of dC1,/0I' as a function of

the corresponding nondimensional semispan location., The treoretical results
were obtained with a vortex-lattice computational model which is based.on the
theory of reference 13. The range of experimental results for aCyp/or, eva-

Tuated from figure 20 at CL = 0.2 and 0.4, are presented for comparison. It ig
noted that although the experimental values of aczﬁ/ar have been shown to

increase with increasing CL, they are in reasonable agreement with the
theoretical results, Furthermore, both the vortex-lattice theoretical results
and the experimental results areé seen to be in agreement with the approximate
values of BCZ /OT obtained using the simple design chart procedure contained
in reference 13.

The results presented in figure 22 indicate that quite substantial reduyc-
tions in Cl may be achieved by introducing geometric anhedral at inboard span

Tocations. However, it should be recognied that a detailed configuration study

is required to determine the most effective means of incorporating such additional
anhedral,

As an illustration, the simplitTied analysis presented in the appendix con-
siders the case wherein anhedral is added at an inboard span location. The
analysis assumes that the wing-tip clearance remains unchanged as would be
required for the case where the landing gear length was held constant.
Obviously, under these conditions, adding geometric anhedral at inboard loca-
tions necessitates the addition of dihedral at outboard locations. The results
presented in the appendix show that for these conditions, the net resulting
improvement in Clﬁ is negligible.

SUMMARY OF RESULTS
The results of a study to determine the influence of optimized leading-edge
deflection and geometric anhedral.on the low-speed performance and lateral

stability of configurations with highly swept wings may be summarized as follows:

1. Leading-edge deflection is effective in suppressing the formation of
wing-anex-vortices and promoting attached flow conditions.

2. Due to the spanwise variation oF upwash, the optimal leading edge deflec-
tion is a smooth, continuously warped surface. For the particular configuration

11
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ration studied, levels.of .leadina-edae suction on the order of 90-percent are
achieved with a smooth, continuously varying leading-edge deflectior correspond-
fng to 169 at the side-of-body and increasing to 500 at the wing tip.

3. Small discontinuities in surface contour, introduced in an attempt to
approximate the smooth continuously warped leading edge with a.series of discrete
deflections of a multi-segmented leadina-edge system, resulted in large incre-

ments in drag and corresponding large reductions in the leading-edae suction
parameter.

4. A uniform leading-edae deflection of 300 (representing an average value
of the continuously warped leadina-edqe deflection) provided higher values of
the leading-edqe suction parameter than provided by the discrete multi-seqmented
syetem. This result is apparently due to the elimination of the small surface

discontinuities introduced by deflecting the individual seagments through
different angles.

5. Deflecting the entire leading edae to achieved attached flow is found
to provide a favorable reduction in the inherently high level of 028 which is

associated with the low-aspect-ratio higuly swept wing.

6. The theoretical value of 3C,,/3C_ 1is found to be in excellent
aqreement with experimental results for conditions where attached flow exists.

7. The inclusion of additional geometric anhedral to reduce the high

levels of CZB is found to yield values of BCZB/QP which are in reasonable
agreement with theoretical estimates.

12
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APPENDIX
tffect of Geometric Anhedral on Clﬁ

The following simple analysis is intended %o illustrate the effect.on (
of increasing the geometric anhedral of the configuration reported herein. The
analysis assumes that the wing-tip clearance remains. unchanged, as would be
required for the case wherein the landing gear length is held constant.

Consider the wing semispan sketched in figure A-1. The spanwise Tocation
of the anhedral breaks, and the corrasponding anhedral angles define the change
in vertical height of the wing tip as

ZT1p = I (b/2 - .y’i) + T (b/2 - yo) (A-1)

where the subscripts 1 and o refer to the values associated with assumed
1nboard and outboard locations, respectively. Requiring ZTip = 0 and solving
for Ty yields

As shown in the body of this report (see figs. 20 and 21), the increment in
Czﬁ resulting from Ij and I, may be determined by Tinear combination;
therefore

= . F. + __ﬁ - FO (A-3)
8, =3 TR ,

Substituting equation (A-2) into equation (A-3) yields

aC 1 - Y 3¢
AC; = s b/2 . 8 I
8 3l 7———z§j-' g L (A-4)
" b/2

Evaluation of equation (A-4) shows that, for the variation of oGy, /3" presented

in figure 22, maintaining constant wing-tip clearance would 1imit the favorable
increments in CZB to negligible values. For example, consider the result for

13
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the - spanwise location of anhedral hreaks tested on the present confiquration.

AL span locations Yi/bh/?2 = 0,234 and 0.736, the theoretical results of figure 22
show ncag/nlq = 0.85 x 10~% and JC,q/Alb,: 0.27 x 10-4, Assuming the.anhedral at
the inboard location is increased by 59 (with no- constraint on wing-tip clear-
ance); the incroment in Cg  for this condition would be ACQg = 4,25 x 10-4,

Howovor, constraining the chanae in wing-tip clearance to zero, reduces the
increment to A(‘.g_B = 0,33 x 10-4,

s a5 A
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Dimensional Characteristics of Model

Wing:

Roference arca, m? (ftz)..v..................................;..0.834 (8.972)
Gross arca, m? (fte) .. uun.n. et te et enneneas et et et sareneens 0.919 (5.0889)
Span, m (ft)...... et te et r et eeaena e eeeeaea 1,260 (4.133)
Root chord, m (ft)..... e ettt et et et et o anaaereeenas 1.674 (5.492)
Tip chord, m (ft).......... e et eeeeeeneas e, v ee et aeteeenes 0.161 (0.529)
Reference mean aerodynamic chord, m (ft)....ovveuunn... et 0.830 (2.887)
Gross mean aerodynamic chord, m (ft).iiiiiuiuneunnnnn.. et b eseaes 1.038 (3.406)

Leading-edqge sweep, degq
At body station 0.388 m (1.272 ft) : 74.0
At body station 1.427 m (4.683 ft)eeevenonnn, e e e eesreaseaneen eee.70.5
At body station 1.886 m (6.185 ft) 60.0

ooooooooooooooooooooooooooooooooooooo

Vertical fin (two):

Area, mé (ftl)...... e e e ey e, 0.041 (0.437)

SPan, M (FE)eeueenniiin i 0.107 (0.350)

Root chord, m (ft)..ea...... et ee ittt ettt eene e, 0.326 (1.069)

Tip chord, m (ft) oo inuiiinnnnnnannn, heseasesennenan 0.048 (0.158)

Leading-edae sweep, deq...vuiiiiiiiiesiiiiiiniien i 73.4
18
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(b) Sketch showing anhedral angles

Figure 2.~ Concluded,
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Figure 10.- Variation of theoretical upwash with nondimensional semispan,
Theory based on vortex~-lattice computational model. q-10° (ref, 5)
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Figure 11.- Comparison of theoretical upwash with optimized leading-edge
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Figure 17.- Variation of lateral-directional stability derivatives with angle
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DATA SUPPLEMENT

The symbols used in the data tabulation are defined as follows:

angle of attack, deg

angle of sideslip, deg

drag-force coefficient; stability axis
lift-force coefficient; stability axis
pitching-moment coefficient; stability axis
rolling-moment coefficient;. body axis
side-force coefficient; body axis

yawing-moment coefficient; body axis




TABLE 8-1 TEST. PROGRAM

Pe,deg

11

11

Pl,deg

§p.g.2de8

30

16-50

16=-50 unfaired

B,deg

Run

P I 12 B S TNV

12

13

1k
18
19
20

21
22
23
2k
25
26
27
28
29
30

31
32
33
3y
35
39
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TABLE S-2,- TABULATED DATA OF POOR QU
NASA LANGLEY 7 X 10 HIGH SPFED TUNNEL
TesT &9 RUN 1
RETA. ALPHA. CcL co (o, ] CRM cym: cY i
~ilo 17 « 0906 «0110 «0128 : -.0003 =+0002 «0009 !
- 08 =504 ~¢1296 0189 «0078 -.0010 -+000% 0018 i
=¥ ‘3072 ".0"93 00118 «006H ‘q0006 —.0005 00015 !
=eu? -1,72 «0256 + 0097 « 0098 -+.0003 ~+0003 Q010
~eub 19 + 0939 «0110. «0131 « 0003 ~+00013 «0014
=06 2425 «1700 0156 «01¢0 <0000 ~-.000?2 «0015 ;
-:05 4e25 2521 «026C «0160 . «00¢1 -+0000 «0006 i
~«05 6434 03456, 0442 «0198 +CDO3 «0002 <0008 |
~e04 teH7 e4633 «0754 .0290 + 0008 + 0005 «0025
~el4 1045) « 5700 «1142 «044] «+0001 . 20011 «003¢4
=03 12,69 06907 <1667 « 0625 -.0001 «0014 «0048
=«03 14,74 «8019 e2251 « 0850 -+ 0008 +0016 « 0064
=-+03 15,10 +8165° « 2356 «0893 ~.0007 «0016& « 0065
‘o07 «19 .0975 00114 00133 '00001 -.0002 00025
TEsT s9 RUN 2
RETA ALPHA CL [of3] (o} CRM cym cYy
4,90 15 «0926. «0107 «0130 =.0031 . 0001 -.0101
4.92 =572 -«13C4 0163 «0054 «0031 =+ 0004 -«0113
4e9Q1 =3.75 =+ 0468 + 0117 «0074. <0020 -.0001 =.0100
4.91 ~1.75 «0268 «+ 0095 «0062 -+ 0006 <0001 =-+009¢
4490 17 <0956 «0108 «0134 -+003? « 0002 -«0099
4.b8 2423 «1706 «0158 «0159 -+0048 « 0004 =+.0099
‘0.86 402‘0 02563 00267 .0181 ‘u0057 00012 ‘00116
4081 6433 «3497 « 0457 «0229 -+s0087 «0033 =+00¢9
%77 Eah3 HEL9 « 0742 «0329 ~.0111 « 0064 =+ 0048
4,72 1C445% %2174 «1087 0462 ~s0137 0083 =+ 0024
4ot 7 12.67 6726 «1612 « 0655 =-+0179 « 0089 =.0007
4.01 14,76 e 7923 «2228 « 0877 -+ 00209 «0094 ~«0010
4,60 184,01 «£022 «229% <0905 -+021¢ + 0095 -+ 0000
‘0090 -15 00996 50112 00136 ‘.‘00031 00001 °00093
TEST 29 RUN 3
RETA ALPHA CL co CHM CRM cym Cy
~5,02 24 + 0918 0113 «0123 «0023 -«0005 «0100
=5,08 =~5.63 ~+1305 <0195 «0052 ~+0049 ~.00C¢ «0136
=5.06 =3,64 =e 0474 0122 « 0077 =-.0028 -+ 0008 +0120
~5,05 ~1l.66 «0246 «C102 «0094 =-+0001 -+0007 « 0106
~%.02 26 + 0921 «0113 «0121 «002¢ -+ 0006 «00g¢
~4,99 2432 1677 «016k] «0147 « 0035 -+ 0005 «01C2
~4.96 4436 |2520 00270 00166 .0053 ‘00005 0010"
~4.91 Ce&?2 «3476 + 0459 « 0224 0065 =s002¢ «0C78
""085 &.b“ 04‘!81 007"1 00318 .000? ‘000"3 .0(‘60
~4.79 1L.57 LLYS 1111 0444 0119 -.0063 0062
~4,73 12.78 «6732 01624 0629 «0143 =+0060 «005)
4466 14086 079(‘1 0?2‘08 00839 G108 “.005(‘ .0037
LY.} 15,21 8150 «2359 « 0904 «0196 =«0054 «00413
=~5.,02 26 « 0941 «011¢ «0126 0022 - 0007 «0103
TEST £9 RUN 4
Rt TA ALPHA CL co CM CRM cym cy
=5,03 2V 0751 0141 « 00?3 «0003 0008 0146
-5‘.10 ‘)071 ‘01607 00336 '001‘?0 ’00061 00008 .O?"O
~5aub ~3,72 -0777 .0221 -.0061 -.0037 0000 0212
~J:08 "1070 0028 0158 -+001¢ -+0017 - 0001] 00]7?
-5.03 .23 074 <0145 $0024 0001 +000R <0159
’5000 203? 015“‘0 (lek 0005‘ u0031 .0006 09’42
-409(‘ "030 02282 o0?17 .0002 l00f3 .0000 QOIQQ
=4e92 .37 « 304y 00317 .0110 n°073 ‘m0003 0162
| ~4.ng Bodb L3879 (0471 <0130 <0072 10014 L0158
~4, 53 10,37 cabey $06EH (0172 <00R( 0015 0129
4477 Seh3 Hay 0958 +0227 0072 0017 :0129
-4,71 1e4h 230 1205 (0323 O0C0R) 0027 01%0
=4, 70 Lasey o366 e 134¢ «0133 «0C8A + 0029 :0163
=Leu4 ) W0F 4y +01t0 0027 $N0C2 0000 0174




¢ PRI

TESY

TEST

TEST

TEST

»9

29

5

9

ARt e hiniititans o S Ll ol A e e

Hat o ralaps oot it
TR "

BETA
“e91

4493

~093
4.92
4491
489
.87
4ot 3

4.86 .

4.76
4,71
4065
4.91

RETA
-s06

~sU8.

-e08

-s07

=06
=06
‘005
=04
~-e0&
=404
-e04
~e(03
-etb

3ETA
~e 06

-.08"

~.(8
=-e07
=-+06
=eVb
-+05
~s 05
-sJ4
~204
-.03

ILE

-.02
- 06

ALTA
4490
‘0093
4493
4492
4490
4.88
4486
4.83
4.80
4. 76
.71
4.65
4490

RUN

RUN

RUN

RUN

ALPHA
011
-5,79
-3,82
-1.,80
s 14
2421
4.20
627
€.30
10,27
12,47
l4.64
12

ALPHA
lll

=5.76 -

=-3,79
"1'0 78
13
2420
4.19
6.24
8431
10424
12,36
l4.68
+11

12

ALPHA
o11
‘5075
-2.81
~-1.78
12
2418
4,17
6423
8.28
10.21
12.33
12,32
l4asb4

12,

TABLE S-2.- CONTINUED.

NASA LANGLEY

cL
0780
-,1598
-,0789
0026
« 0784
11543
2264
2987
03754
e4534
«5450
6223
+0780

CcL
«0738
~+1653
-+ 0854
-.0013
+ 0750
«1516.
02224
02945
03744
4488
5316
«6338
0750

cL
«0632
-¢1733
-.09068
-,0151
« 0629
1432
+2168
22905
«3703
«43€6
5145
6022
0540

cn
+0140
2 033¢
«0221
0158
« 0137
«0155
« 0209
»0290
«0428
« 0626
« 09139
01284
0141

cb

«0137.
«0340:

«0226
0156
«0135
«0153
+ 0206
«0296
« 0439
« 0627
«0897
«1318
+0140

co
«0138
0347
«0235
«0164
«0135
+ 0149
« 0190
«0269
« 0399
«0552
«0773
0776
«1138
20140

[4Y
«0142
+ 0350
20237
0167

«01el.

0146
0187
10267

+03R1.

« 0555
0823
«11FR
+0143

CcH
+0026
0140
« 0066
0006
+ 0027
0060
0089
$Gl21
10154
«0164
0223,
«0332
«0022

CH
«0027
0114
20042
20001
+0023
+ 0058
0084
«0107
«0131
20165
00227
+0296
+0033

cH
«0101
.0038
«0036
+ 0091
«01C0
+ 0089
20105
«0123
10127
0166
0227
10228
+ 0327
+ 0100

cr
« 0065
«0066
«0016
« 0070
+0099
«0103
«0113
L1k
v0143
«0170
0237
«03%2
+0097?

O 2. B e Rt v

7 ¥ 10 HIGH SPEFD TUNNFL

CRM

~,0009 -

« 0048
« 0025
«0009
-.0007
~+0C34
-+0C50

- 0065

-.0081
=.0102

-+ 0089-

=.0107
~+0010

CRM

-+0002.

=+0010
-.0008
-+0002

=+0002.

« 0000

«0010-

«0013
«0005
-.0011
~.0012
~.0030
-.0001

CRM
0009
-+0002
«0002
0007
«0007
+ 0009
« 0006
«0C11
+ 0009

« 0002

« 0003
-.0000
«0012
+ 0011

CRHM

« 0004
«C04n
»0C27
«0011
+0C09
~e0022
-+ 0040
~s 0064
=s0007
~+0110
-.0111
=.0122
0007

cym
-.0017.
-,0020
-.0019
-~.0019
-.0017
-.0011
=+0011
-+0000
~,0003
-+0006
-.0008
+ 0004
-+0018

CYM
-+0003
=+0006
--0004
-+000«
~-.0003
=-.0004
'0000‘
-+0005

« 0002
+0010
0022
+0033
-+0003

CyYM
-+0001
«0001
«0004
«0002
-.0001
-.0002"
-,0003
=+000?
+ 0001
«0014 -
« 0007
«0006
«0003
'JOCCI

cyM

+ 0001
~«0012
-.0013
-+0010
«0001
+ 0002
=+0000
+0008
+0007
-.0001
=+0011
=.0019
«0001

cy
-,0133
-.0220
~.0181
-00151
~+0138
'10119
-+0134
-.0}28
-.0108

'00110

‘00097
~+0101
‘00134

cy
0015
«0029
« 0026
+0014
«0015
+ 0016
+0019
«0022
« 0016
«0033
0064
+0031
«N015

cy
20011
«0012
0011
0007
0008
«0C19
+0019
20023
+ 0034
«0C60
<0076
« 0085
+0C78
+ 0008

cy
=s0136
=+ 0199
~+0168%
=e0135
=¢0140
=013}
~e 0140
=e0149
=+0123
-, 0108
=~ 00066
0015
-.012]

prowem
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TABLE S-2,- CONTINUED,

NASA LANGLEY 7 ¥ 10 HIGH SPEFD TUNNEL
TEST ha RUN l4
BETA ALPHA ctL (o)} CH CRM cYym cy
"')003 20 U656 001‘03 0009(’ .0005 -00001 00]35
=5%,09 =Y.73 ~s1703 + 0346 ~+0067 ~+0036 «0012 + 0206 -
=H.u8 ~3.75% ~+ 0906 0234 « 0009 =eQ020 «0013 0168
-5.06 "107‘! '00113 00166 .(‘0(*6 "00005 90008 10142
=4%,03 elb « 649 0141 0082 «000¢ -.0001 «0133
=200 2,26 01455 0154 0087 «0C2H ~«0006 0129
-4.96 4028 02178 00196 .0108 00051 “'0007 901‘0?
~4.92 6.31 «2934 + 0280 0122 « 0068 =+0007 «0158
~4.87 5437 n3678 00‘!0‘0 00137 « 0088 ’00004 '0158
=482 10.31 14386 «05¢0 0167 « 0110 =+0001 0127
=476 12444 «5202 «0813 «0232 +0103 «0008 « 0117
-f.oq 14,81 289 1241 0331 <0066 + 0005 « 0095
=5.03 19 0670 «0144 «008? +000] -+0001 «0142
TEST 59 RUN 1&
FETA ALPHA cL co CM CRM Crm cy
~e07 «13 U686 « 0145 « 0103 « 0002 .0001 0014
=«09 =5.70 =e1606 e 0344 =.0027 =s0C03 «0005 « 0022
~.08 ~3,76 ~.0811 «0237 «003¢ «000¢ «0007 0014
=-.07 -1.77 ~«003¢. 0171 + 0083 «0C0¢ « 0006 « 0009
-.O? 18 0737 0146 «0101 «0003 «0001 « 0020
~edb 2423 1539 +01¢3 0007 +000¢ ~.0001 «0025
“s5 4022 2262 «0210 0116 « 0004 =¢0002 « 0029
=« 05 6426 2987 (292 «0131 « 0006 -.0003 0044
~«04 8.30 3773 0626 0136 0007 «0001 « 0044
~.04 10e24 04445 +0582 20185 «0C02 «0013 «CC75
=04 12,37 «£186 0806 «02£3 ~+00C0 «0009 «0082
~sul 1‘0163 60L26 «1142 «0344 001 =.000?2 « 0089
~e07? 15 20791 0152 0103 <0002 «0001 + 0032
TLST 59 RUN 19
RETA AL PHA cL co CHM CRM CYM cy
4.90 «16 0676 «0145 +« 0099 0030 « 0005 = 0166
4493 =5.79 =sle58 20344 =.0050 0067 ~e 0007 =e0242
4,93 =382 =+ 0865 « 0234 «0012 +00F2 ~. 0008 -.ozo€
4,92 ~l.81 ~+0085 «0169 «0069 «0040 =«0004 -.017;
4.90 «10 «065] «014¢ 20099 «002¢ + 0005 =.0159
4.98 2.18 1429 L0156 0112 +0000 «0009 -.0155
4.86 4419 02160 +019¢ 0125 ~+0025 + 0009 =+0160
4.83 6.23 02906 0274 «0125 = 0044 « 0016 ~+0170
4480 8.2? 3605 0287 «01l¢6 =+ 00 « 0012 ~:s0164
4.76 10,23 + 4359 +0558 0204 ~+00&9 +0005 °:016?
4. 71 12,25 ebl4] «0R11 0266 =+0097 =:001] =009
:.gg l4oc] « 6136 1196 0364 =087 = 0016 ~«0020
. « 10 00650 c(\:l‘f‘ .0098 00032 «000¢ ~+016R
TLST G RUN <v
RETA AL PHA CL ce (W CRM Cym cy
:30893 '0#;‘ o(l):é; .Ol‘o? .OOP’) -00010 "QCOC? .01‘6
5. -5, - 0348 =+00%0 . 0055 21
::oOb -3,72 =e09(13 0236 0014 -.gé‘o :ggi: .SE;é
=+ -1.73 -e L1406 ‘017¢ 0067 -.0037 L00CH L0149
‘-OU3 ool s 064 (P14 s O0r6 =+ 001¢ "00001 .O
-:.30 2-3; v1414 0155 10094 GFI; ~«00C? .O}:S
; =490 4,2 2104 010¢ 01)¢ ’ 3 ' : N 2
g R o 8 . y «002) = (Q
. f.:i ::'t;:él‘ o;?f’c 0274 «0130 (043 ‘-?(()‘].\;) .g;:’z
§ -, . 3595 0162 ‘0160 SOere - 000 L0171
~4082 1u.3] 4330 (055R (0303 CO0EF -'édog RSO
~4,78 12,46 5129 08 CO W02 ] 0CRG .On 0144
4109 L7 V6129 1163 (017 et L0a13 o104
~heus3 V10 3 , It 4 ) PO 210
3 ] BUIG! sitldg GO G = CC Lk =000 0110
. [}
A&;E_ s
ORIGINAL P

rg 1Ty
Qn,.\!

oF POOR




D i

TEST

TEST

1EST

TEST

Le

49

59

&3

T YRITRORTTTR TN

TRTIRNETITET ITN L e T e tn e

s

RETA
‘9.03
=3,10
5408
=-5.0b
~He03
-5,00
~&4,9¢
4492
4,84
~44082
"‘1.76
~4.69
=-24U3

3tTA
4.90
4‘93
‘.93
4.92
4e90
488
LEY-X.}
4eb3
4,890
4e 76
471
4ebd
4490

3ETA
=06
-G8
-.08
~s U7
-s0¢
~-s V&
=-s05
—sU%
~e04
- U4
-s(3
=s02
=06

BETA
=+ (0
-s 08
~elin

v
~sUb

RUN

RUN

RUN

RUN

21

ALPHA

19

=970
-3471
-1.70
21
2e2b
be2t
6431
Be42

10434

l2.68
14,62
022

22

ALPHA
11

=577

~3,79
-1l.78
ol
d.zl
4'25
627

Be32

10430
12.40
la,e2

15

ALPHA

lll.

~-5476
~3.79
~1.78
o1l4
2422
4ell
6422
8433
10,30
12433
14482
W12

24

ALPHA
e
~£470
~3,77
~1.78
W13
2421
4elts
€429
630
10422
12423
last3
o1y

NASA\LANGLEY

02251
2971
3711
e465]1
5232
611R
0723

cL
«0620
-¢1710
=+0935
=-:0125
« 0640
1460
02169
2058
+3708
«4377
5078
+5914
« 0635

cL
0674
-+1557
~e 043
=-,0071
0693
1903
2189
02943
3086
370
«HCESL
5960
W0 767

Cco
«0134
«0361
« 0230
20162
«0137
«0146
.0188
erd X
«(397
«0550
«07€3
«1102
«0132

cn
«013¢9
«0320
0224
o(1€3
<0138
«01%3
20195
0270
s 04CQ
WCHED
«Q07:2
1112
+ 0140

TABLE S-2.- CONTINUED.

CM

«0063
~eGOEY
0008
woel
<0081
«C092
«0114
«0119:
« 0157
L1861
0742
.0323
+COE]

cH
«0063
=.0058
«0019
+ 0070
«QC90C
0104
0171
U121
«01€0°
0183
0253
0371
0101

\ M
\\.0092
“00026

€042
«00E?

092
.gh91
NN
(0144
(G123
0177
02291

0336 %

+0CG2

CH

+ 0096
=.006¢60
+0027
0078
0064
«0006¢
«N110
0144
0181
«01C9
270
G371
0101

7 ¥ 10 HIGH

CRM
-«0C14
-o (G k4
~e0035
- 0022
~.0011

0014
«003F
T
0C 64
«0C9r
+ 0095
0062
=+ 0009

CRNM
<0017
«0058
0040
002¢
0019
-.0009
~-+0033
-+0C5¢
=+007¢
'00095
-+CCOB
-.0100

001F

CRM

+ 0005
-.00602
«0003
«00C5
0007
«0007
«0004
« 0011
0007
0002
~+0001
+0015
=+0000

CrM

T L0006

-+ 0004
-.00C0?
003
005
0002
L0000
0004
«00CE
0001
-, 000¢
000t
JOCCE

SPFFD TUNNEL

cym
-.0001
0017
«0018
«0009
=-.0001
- 0007
-4 NOCR
=-.0010
~.000¢
-.0005
«C004
<0009
00

cym

« 0003
=-.0010
=+V011
- U 06
0004
«00C7
«0007
«0012
«0012
« 0007
~.0000
-.00109
€003

CYM
«0001
«0004
«+ 0004
«0003
20002

=.0001
-+0001
=+0003
+ 0002
«C015
«0004
-+0004
«0001

Cyw
«0000
«0001
«0001
«00C?
+ 0000

~+0003
-,0003
~+0002
<0001
00113
«0004
~.0010
000

cY
0181
0220
20178
0157

00157

0150
0169
0182
0194
0152
0128
0101
$QleF

cy
0145
«0217
0179
«01%6
«0146
«(139
+01L2
0146
0157
«0121
«00R5
200613
0140

Ccy
0000
+ 0004
«0GC0
0003
«00C3
+0GC4
0008
«0C10
20021
«004]
+0C57
0028
«0C05

Cy
« 0009
«0Cla
«00109
WOC13
WJU11
0025
0022
0025
0036
0082
. 0('75
OCT6
0L2?




RIS, 5 . sy et T i ARG E S e T e RN . it ren e
TABLE 8-2,- CONTINUED,
NASA LANGLEY 7 ¥ 10 HIGH SPEED TUNNE|
TesT 4 RUN 2k
Ap e ALPHA cL cD CcH CRM CYM cy
“a90 «1C 637 (138 JLogs «N037 « 0017 -,0190
4993 -be78 ~e1459) «0325 -, 0042 «006] -,0006 -00228
4443 ~3,863 ~oQRH2 0226 ~,0001. «0052 ~+0006 ~.0194
hadd =1eb2 -, 0076 0163 00862 + 0043 0000‘0 '00181
4450 9 «0036 «0137 «0090 + 0036 .0019 ~+0191
ot ¥ 2elb el421 «0149 0111 000]1 0002(‘ -00179
4.t6 4416 «2145 «L1E8 0130 -,0018 +0015 ~.01#5
4oR3 6e24 +2900 0272 «013% =, 003¢ +0026 ~«018R5
4 b0 hedl «3629 20392 20161 -~ 0063 «0024 ~.0171
4o 7¢ lul.28 «4383 0566 0222 -.0081 «0019 -,0161
4e71 i?435 «5120 0815 «02R0 =.0075 + 0004 -,0141
4465 14,60 6003 1163 U409 -.0092 -.0001 -.0052
4,50 «C9 J0€58- 0139 «0090 0031 0017 -40179 i
1
TEST 59 RUN 26 i
3
HETA ALPHA cL co e CRM Cym cY i
-5403 19 «0€35 «0138 «COt1 =024 -.0016 +0171 b
-4 .09 -5,.70 -.1617 «C327 =-.01C0 -.00£13 G010 «0225 :
5. U8 "3072 -.Gt‘57 00225 "QOOC‘O ".00"(\ 00010 «0185
=5.05 ~1.71 ~.(0E8 « 0161 «0051 -.0027 «0000 0168
~5403 020 0616 «0138 «0C80 =-+0C22 -.0015 «0168
=9.00 2426 1403 «0l4r «0069 =-+00C0 -.0019 «01¢60 1
"‘0096 ‘!030 '2138 00194 00114 00(‘26 -00019 .0166
-4.92 .31 02870 «0273 +0136 « 0040 -.0020 «017% i
~4,88 he38 03613 0399 0172 «0053 ~.0016¢ 0201
=401 1C.44 «4369 «0569 «0209 0082 -.0019 0154
~4476 12,46 «£092 0708 0271 +0091 ~.0016 «0139
-40()9 14079 06122 11104 00370 000(‘2 10001 00089 d;
=540C3 21 0654 139 0087 -.0025 -+0016 « 0170
i
1
TEST 59 RUN 27 ;
RETA ALPHA cL o ol CRM CYM cy |
~f.3 19 0703 0141 «0070 -.0008 ~.0001 «0131 o
=409 -~ 71 ~e1632 +0329 ~e007% 40046 +C015 +0210 4
-%.04 -3.73 -+ 0860 «C230 +0010 -.002¢ «C016 «0158 A
-5.0¢6 =1.71 =-.C045 0166 « 0062 -.0015 «0010 0144
~5.03 W24 + 0740 «0142 «0077 =-+0004 -~.00023 00]31
-£400 2427 1531 C1E6 <0086 L0C1E ~.0005 01329 j
~4,9¢ 4430 W 2264 «0202 «01C2 «CCaC =+0007 «0142 ;
-4462 633 «3017 0289 0121 <0050 -40006 0165 ?
-4.88 50‘01 13770 0C417 00137 '0070 -.00(‘? .0]6(‘ ‘
=412 10,34 144862 577 0161 «0093 -+0004 0129 ’ﬁ
~4.76 12449 5279 «C830 10225 <0101 0001 0106
~4469 la.t3 «6362 01255 !0330 «00F2 «0004 «CCE1
~5.02 22 «0778 2+ C145 0077 -+ 0008 -+0001 «0129
1
TEST  Hy RUN 24 Y
RETA ALPHA cL (W) cH CRM cym cy
4490 10 «06€8 «0141 «0CO1 <0013 0003 =s0)4C
4493 ~5slu -s1659 «0341 =+ 0066 « 0046 =+0010 ~e 0202
4,92 =304 - BU4 0224 0016 +0033 ~.0012 =.018b4
4,92 ~l.84 ‘00076 «(1¢8 006t 00010 "00007 “001"3
‘0090 00‘? 00673 001‘01 1 Q0EK «CC1Y% .000"1 “Qol"l
“e0l 2417 1678 «01%1 0104 ~+0C13 «000¢ -s0135
CERI.) 417 «2190 0180 «011C =044 «000¢ =-e0142
bet3 beld 2981 0271 e D115 - 00¢% +CGO0R -.0146
4s 80 827 3698 «C2EFQ 0137 ~.008R 0008 ~e0Y49
G 7¢ 16.73 v 4433 0568 0157 ~.0112 0005 -.0113
4a 71 12429 «5234 W0B2¢ 0224 -. 0112 =+ 0O0F =.00~r8
44k 14462 6111 «1174 0213 ~.M127 ~+0013 -, 00009
@90 N b72 (141 +0019 o0 L0002 N80
& v
" 1“. ti\)r\
R“\tﬁ
L




I B R I N

TABLE S$-2,- CONTINUED.

NASA LANGLEY T Y 10 HIGH SPEED TUNNFL

rer b RULN 29
RETA ALPHA CL cn CH CRM cyn: cy
~sJb 12 0656 +0138 0091 0007 =-+0001. ~s 0001 .
-e0d ~He76 =721 © 20345 =+ 0041 = 0004 10003 +0008
~+0n =300 -+ 0921 0233 «0037 =+000%5- «0002 0009
-e07 '1075 -00116 v 0164 0076 « 0007 00002 - 00002
~eUb ol4 06¢8 .0138 20097 +0007. =:.0000 0007
=e U6 2418 1474 «0147 «0079 «0003 =.0001. «0010
=.0% 4420 02193 0189 - + 0094 «0002. ~¢ 0003 0006
etk - 6422 24925 0267 «0109 «0C01 =+0004 . +OC1R .
e 4. Ba29 03692. + (397 «0114 « 0001 -,0000 0024
LR 124 4393 «0585 «0157 =.000¢ «0013 20061
=.03 12.40 «5176 0784 0220 -.00C9 «0003 «0070 .
=Ju2- léeb3 5997 1116 «0310 « 0002 = 000¢ + 0061
~e b ol 0041 «(0138 0000 (006 ~+0001 -.0002 P
TEST PR RUN 3¢
SETA . AL PHA CcL co CM CPM CYH cyY
=+ LE J2 . «0659 «013¢ 0088 « 0002 =.0001 + 0009
=08 -0e73 - -s10628 +0333 - =,0C85 =+ 0005 +0002 + 0015
=l ~3.78 -~ 0866 « 0230 «0019 «0000 +0002 0011
~e07. '1.77 'l0064 00163 00071v O0007' 00004 00005
X ] ol «0688 «013R «00990 «0006 -+0000 «0010
~.06 2.20 + 1489 +C1l48 0082 + 0006 -+ 0002 «0C12
~+J5 4.26 02213 0194 . +01C1 «00013 ~+0003 20021
=05 €425 02925 0272 0131 +0CG7 =.0001 0027
=06 8430 3716 0408 0127 «0011 + 0001 0023
XL 10.25 «4395 «05¢6 0179 « 0002 «0013 «0087
~s03 12437 5129 |0781 10246 ~. 0002 + 0006 « 0056
=02 14,64 «6013 1132 +0337 «0007 -.0011 « 0064
=06 15 0728 0138 0102 ~+0003 ~+0001 0013
TEST 59 RUN 31
BETA ALPHA CL co CH CRM CyM Cy
4090 «C9 « 0648 00136 00081 .00]9 00014 ‘00170
. 4.93 =580 ‘01613 «0329 -+0097 «0048 =+0006 ‘00212
. 4¢G2 ~3.81 ~+ 0853 225 ~+(009 (038 =-+0007 ~.0182
4.92 ~1.79 ~+0060 «01¢0 «005¢ 0025 «0001 =«01¢9
4490 15 « 0692 «01l36 «0CES 00021 00014 ‘l0171
4.88 2+18 1462 10146 + 0096 =-+0012 «0013 =+0160
4.86 4.21 : 221912 «01F6 «0112 ~-s 0038 +0011 ~s0167
4.3 Ce24 «2950 0270 «0121 =+ 0051 « 0018 ~.0178
4 80 8,432 03712 « G366 163 =+ Q0078 00016 ~+01¢4
4476 16.27. s 4419 «05¢9 «Gles =090 «0C15 ~s0148
4071 124,44 8269 0843 «0265 ~+ 0096 + 0001 =.0109
4.€65 la,e3 « 6105 «1103 «0377 -.0116 -.000¢ =. 0016
4490 o112 « 0686 20136 «00E1 +0021 0012 =«0177
TEST L9 : RUN 32
BETA ALPHA cL o cH Chi cym cY .
=%.03 20 20666 0140 + 0068 =.0010 ~+0011 +0159
S =-5.,09 =-5,71 ~s1613 00329 -+0107 ~e0C49 «0008 0216
~5.u8 =3.76 ~.0859 0226 =, 0015 =+0022 +0009 0177 .
“hsub =l.72 =+ 0075 «0161 0046 -.0015% 0007 0156
=5.03 +18 o C662 0138 «0070 -.0009 -.0010 0157
=5.0C 2426 el4t2 0151 0088 002 -.0014 015%
~4.96 4.26 22174 0192 «0107 «003¢ =.0013 0165
=-4,G2 EW2R e 2906 00276 00121 D0L4 -.0011 0178
) LU RS A437 LYY 00401 ‘0150 0007L ‘00007 oC]“?
} . ~4,42 1v.32 4386 D568 «0lt? « 0083 =, 0012 «N145
=447t 1244% 206 e G820 V238 00U =+0005 0141
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