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SUMMARY

Results are presented of an experimental investigation of three
plane wings in combination with a body such that the models were
representative of low- and high-wing arrangements, The three wings,
having 3-percent-thick sections and of aspect ratio 3, had the following
plan forms: a tapered unswept plan form, a tapered 45° swept-back plan
form, and a triangular plan form. The 1lift, drag, and pitching-moment
characteristics of each configuration were obtained for a range of Mach
numbers from 0.61 to 0.91 and from 1.20 to 1.90. The results were
obtained at constant Reynolds numbers per foot of 2.57 million and
4,00 million at all Mach numbers except 1.90. At this Mach number, data
were obtained only at a Reynolds number per foot of 2,57 million. The
results of this investigation at a Reynolds number per foot of 4.00 million
are compared with results of tests of the same wings mounted in a midwing
position on a body of revolution of the same axial distribution of cross-
section area as the body employed in the present report. Results of the
investigation show that only the drag characteristics were significantly
affected by a change in the vertical location of the wing, the minimum
drag coefficients of the midwing configurations being less than those of
the respective high- and low=ving configurations. In general, the maximum
lift-drag ratios of the low-wing configurations were less than either the
midwing or high-wing configuration.

INTRODUCTION

The wealth of experimental data available concerned with the effect
of the vertical position of the wing on the aerodynamic characteristics
of wing-body combinations (hereinafter referred to as configurations) has
been obtained, in general, at low subsonic Mach numbers with configurations
employing relatively thick, high-aspect-ratio wings (e.g., ref. 1). To
provide some experimental data of the effect of vertical position of the
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wing on the aerodynamic characteristics of airplane-like wing-body con-
figurations employing thin, low-aspect-ratio wings at high subsonic and
supersonic speeds, an investigation of three plane wings in such combi-
nations with a body as to represent low- and high-wing arrangements was
undertaken. The wings were all 3 percent thick. The plan forms of the
three wings included a tapered unswept plan form of aspect ratio 3.1, a
tapered swept-back plan form of aspect ratio 3, and a triangular plan
form of aspect ratio 3.

The results of tests of each wing in the midwing position have been
published in references 2, 3, and 4, These results, together with the
present experimental data, are compared to determine the effect of
vertical displacement of the wing on the 1lift, drag, and pitching-moment
characteristics of the combination.

(¢ ]

NOTATION
wing span ~
fb/2 c2dy
mean aerodynamic chord, _27________
‘fg 2 c dy

local wing chord

drag coefficient, drag/qS

1ift coefficient, 1ift/qS

pitching~-moment coefficient about a horizontal axis through
the point on the body axis at the body station corresponding
to the quarter point of the mean aerodynamic chord,
pitching moment/qSG
(see fig. 1.)

lift-drag ratio

maximum lift-drag ratio

Mach number

free-gtream dynamic pressure

Reynolds number based on mean aerodynamic chord

total wing area including area formed by extending the leading
edge and trailing edge to the plane of symetry
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y distance perpendicular to plane of symmetry
dCL/da slope of the 1ift curve measured at zero lift, per deg
de/dCL slope of the pitching-moment curve measured at zero 1ift

a angle of attack of the body axis, deg

APPARATUS

Wind Tunnel and Balance

The data of the present report were obtained in the Ames 6- by 6-foot
supersonic wind tunnel., In this wind tunnel, the Mach number can be
varied continuously and the stagnation pressure regulated to maintain a
given test Reynolds number, The quantity of water vapor present in the
tunnel air was small enough to prevent formation of condensation shocks
at all supersonic Mach numbers, Further information about this wind
tunnel is presented in reference 5.

The models were sting-mounted in the wind tunnel, the diameter of
the straight sting being about 93 percent of the diameter of the body
base. The model support permitted tests through an angle-of-attack
range from -17° to 17° in a horizontal plane., The k~inch-diameter, four-
.component, strain-gage balance described in reference 6 was enclosed
within the body of each model and was used to measure the aerodynamic
forces and moments,

Model

Plan views of each model, a typical front view, and certain model
dimensions are given in figure 1. A photograph of the swept-back-wing
model is shown in figure 2, This swept-back wing and the unswept and
triangular wings of the present investigation are the same wings that
were used in the tests reported in references 2, 3, and 4. A summary of
the important geometric characterigtics of each model is presented in
table I.

To facilitate the mounting of the wings in the off-center-line
position, it was necessary to modify the circular cross section of the
body of revolution used in references 2, 3, and 4., The cross sections
of the body of the present report (fig. 3) were derived in a manner so
as to obtain a related shape having the same cross-sectional area as the
sections of the body of revolution. The noncircular cross sections of
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the modified body were made up of -four parabolic arcs. Figure 3 shows

a typical section and indicates the control points and tangents to the
sections which are necessary for the construction of the ares. Included
in figure 3 is a table which lists the location of the control points
and the angle of the tangents to the section for the different cross
sections at the various body stations.,

A fillet which consisted of concentric radii was used to fair the
upper surface of the wing to the modified body. The type of fillet can
be seen from figure L which presents three cross sections of the
triangular-wing model., It .should be mentioned here that the models of
references 2, 3, and L4 (the midwing configurations) employed no fillets
at the wing-body Jjuncture.

The wings of each model were solid steel. The body, with the excep-
tion of an aluminum nose section, was also solid steel., A tin-bismuth
alloy was used to form the required fillets between the wing and body.
All exposed model surfaces were polished smooth.

TESTS AND PROCEDURE

Range of Test Variables

The 1ift, drag, and pitching moment of each model were investigated
for a range of Mach numbers from 0.61 to 0.91 and from 1.20 to 1.90.
The data of each model were obtained at constant Reynolds numbers per
foot of 2,57 million and 4.00 million for all Mach numbers except 1.90.
At this Mach number, wind-tunnel power limited the test Reynolds number
per foot to 2,57 million,

The model support permitted tests to a maximum angle of 17° in the
horizontal plane. By testing through the angle range from -17o to 170, the
aerodynamic characteristics of a given configuration could be studied as
both a low- and high-wing arrangement.

Reduction of Data

The test data have been reduced to standard NACA coefficient form.,
Factors which could affect the accuracy of these results, together with
the corrections applied, are discussed in the following paragraphs,

Tunnel-wall interference,.,- Corrections to the subsonic results for
the induced effects of the tunnel walls were made according to the methods
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of reference 7. The numerical values of these corrections (which were
added to the uncorrected data) for each uwodel were obtained from:

Unswept-wing Swept~back-wing Triangular-wing
model model model
Aa = 0.57 Cy, A = 0,55 C, Aa = 0.55 Cp,
ACp = 0100 Cp? ACp = .0097 Cp? ACp = .0097 Cp2

No corrections were made to the pitching-moment data for this -effect.

The effects of constriction of the flow at subsonic speeds by the
tunnel walls were taken into account by the method of reference 8. This
correction was calculated for conditions at zero angle of attack and was
applied throughout the angle-of-attack range. This correction was the
same for each model and, at a Mach number of 0.91, amounted to about a
2-percent increase in the Mach number and in the dynamic pressure over
that determined from a calibration of the wind tunnel without a model in
place.

During the tests at supersonic speeds, the Mach wave originating at
the nose of the model did not reflect from the tunnel walls back across
the model. No corrections were required, therefore, for tunnel-wall
effects. ’

Support interference.- At subsonic speeds, the effects of support
interference on the aerodynamic characteristics of the present models
are not known., For these tailless models, it is believed that such
effects consisted primarily of a change in the pressure at the base of
each model, In an effort to correct at least partially for this support
_ interference, the base pressure was measured and the drag data adjusted
to correspond to a base pressure equal to the static pressure of the
free stream.

At supersonic speeds, the effects of support interference on a body-
sting configuration similar to that of the present model are shown by
reference 9 to be confined to a change in base pressure., The previously
mentioned adjustment of the drag for base pressure was applied, therefore,
at supersonic speeds. It should be noted that the drag coefficients as
presented in the present report are, in essence, foredrag coefficients
gince the base drag is not included.

Effect of Stream Characteristics
Subsonic Mach number calibration.- The recent and thoroﬁgh calibra-

tion of the 6- by 6-foot supersonic wind tunnel at subsonic speeds
indicated a small change from the previous subsonic Mach number calibration.
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Both the data of references 2, 3, and 4 presented in this report and the
data obtained during the present investigation have been based upon this
latest calibration. The magnitude of the change in Mach number and the
ratio of the dynamic pressures are as follows:

Mo14 Mpew qold/qnew

0.60 0.61 0.97k
.70 .71 .980
.80 81 .082
.90 .91 .987

Axial static-pressure gradient.- The recent survey of the air stream
in the 6- by 6-foot supersonic wind tunnel at subsonic speeds also indi-
cates that the static-pressure gradient present in the test section is
of sufficient magnitude to affect the drag results. A similar effect at
supersonic speeds has been indicated by the results of the survey of
reference 5. Therefore, a correction, Cp , was added to the measured
drag coefficients at all test Mach numbers to account for the longitudinal
buoyancy caused by the axial static-pressure variation. This correction
will be the same for each model of the present report since only the
effect of the static-pressure variation on the body was considered. The
correction for the models of the present report at the various test Mach
numbers is as follows:

M Dy M Dy
0.61 0.0002 1.20 0
071 00002 l.ll—O -00003
.81 .0003 1.50 .0003
.91 .0005 1.70 .0010
PR —— 1.90 .0006

Only the supersonic drag data presented in references 2, 3, and 4 have
had the correction applied to them to account for the effect of the
longitudinal buoyancy. The subsonic drag coefficients of these investi-
gations have been corrected in the present report to account for this
effect. The magnitude of the correction, Cp , at the various test Mach

numbers for the models of references 2, 3, and 4 is as follows:

M “Dg M ‘g
0,61 0.0001 1.20 0.0002
.71 .0002 1.40 0
.81 .0002 1.50 .0003
.91 . 0007 1.70 .0006
———— meme——- 1.90 .0006
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The fact that the models of references 2, 3, and 4 were located 1
inch farther upstream in the test section than the models of the present
report accounts for the different values of CDg at a given Mach number,

Stream inclination and stream curvature.,- Results of tests of the
swept-back-midwing configuration (ref. 3) and of the triangular-midwing
configuration (ref k) in both the upright and 1nverted test positions
have indicated that a stream inclination of -0, 05 and a stream curvature
capable of producing a pitching-moment coefficient of -0.004 at zero 1lift
exists in the tunnel air stream at subsonic speeds. Results of 1like tests
of the present model employing the swept-back wing mounted in an off-
center-line wing position indicate a stream inclination of -0.07° and a
stream curvature capable of producing a pitching-moment coefficient of
-0.002 at zero lift, No tests were made with the models employing the
unswept wing or triangular wing mounted in an off-center-line wing posi-
tion for the purposes of determining the magnitude of the stream irregu-~
larities. As noted above, and as noted in references 2 and 10, the
magnitude of these stream irregularities are different for different model
configurations. Since no data indicating the magnitude of the irregu-
larities are available for the models with the unswept wing and triangular
wing mounted in an off-center-line wing position and since no method for
correcting the drag data for the effects of the indicated stream curvature
is known, no attempt was made to change the data presented in this report
for the effects of stream inclination and stream curvature.

RESULTS

The basic data of the present investigation for the unswept-wing
model, the swept-back-wing model, and the triangular-wing model are pre-
sented in figures 5, 6, and T, respectively. In these figures, the vari-
ation of 1lift coefficient with angle of attack, and the variation of drag
coefficient, pitching-moment coefficient, and lift-drag ratio with 1lift
coefficient for the various test Mach numbers and Reynolds numbers are
presented for each model. A comparison of the aerodynamic characteristics
of each wing in combination with the body in a low-, mid-, and high-wing
position is presented in figures 8, 9, and 10. The results presented in
these figures have been summarized in figures 11, 12, and 13, respectively,
to show some important parameters as functions of Mach number, The data
of the high-wing configurations were obtained from the negative angle-of=-
attack data of the low-wing configurations.

The data presented in figures 5 through 10 have been tabulated and
are presented in tables II and III.
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Effect of Reynolds Number

The basic data of figures 5, 6, and 7 indicate that only the drag
and pitching-moment characteristics of the unswept-wing configurations
and the 1ift and pitching-moment characteristics of the swept-back-wing
configurations were affected by the change in the test Reynolds number.
An increase in the minimum drag coefficient of the unswept-low-wing
configurations occurred at all test Mach numbers as the Reynolds number
increased from 2.4 million to 3.8 million. This effect of a change in
Reynolds number on the minimum drag can also be noted in the data of
reference 2 for the unswept-midwing configuration and is probably due to
the transition point of the boundary layer moving forward on the wing
with increasing Reynolds number,

The effect of the change in Reynolds number on the pitching-moment
characteristics of the unswept~ and the swept-back-wing model was limited
to results obtained at subsonic speeds and in particular to results
obtained near zero lift., The variation of the.pitching-moment coefficient
with 1lift coefficient for each model was nonlinear near zero lift
(Cy, of =0.1 to 4+0.1) at a Reynolds number per foot of 2.57 million, the
data indicating a forward shift in the position of the center of pressure.
This nonlinear variation was not present, however, in the data obtained
for each model at a Reynolds number per foot of 4,00 million. Similar
effects of Reynolds number upon the variation of pitching moment with 1ift
can readily be seen from the data of references 2 and 3, and are attributed
to a combination of boundary-layer and terminal-shock effects upon the
chordwise pressure distribution of the biconvex airfoil section. A dis-
cussion of this flow phenomenon may be found in reference 11.

The data obtained for the swept-back-low-wing model at Mach numbers
of 1.20 and 1,70 indicate a decrease in the value of the lift-curve slope
with an increase in Reynolds number from 2.5 million to 3.8 million. The
data of the swept-back-midwing model (ref, 3) at a Mach number of 1.70
show the same variation in the value of lift-curve slope with Reynolds
rmumber. Although the effect of aeroelastic bending, associated with the
larger values of dynamic pressure at the higher Reynolds number, would
tend to decrease the lift-curve slope, it is believed that the elastic
deformation of the wing is not the principal cause of the variation of
lift-curve slope with Reynolds number; therefore, at present the full
reason for the decrease in the value of the lift-curve slope is not known.

Effect of Vertical Position of Wing

Unswept-wing configurations.- Examination of the data of figures 8
and 11 indicate that of the characteristics presented, 1ift, drag, and
pitching moment, only the drag was significantly affected by a change in
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the vertical position of the wing. The effect upon the 1lift and pitching
moment was, in general, small and of secondary importance.

The displacement of the unswept wing from the midwing position to
either the low~ or high-wing position resulted in an increase in the
minimum drag coefficient, particularly at supersonic speeds where a
difference of 0.0020 is indicated (fig. 11(d)). It is interesting to
note that despite the larger value of minimum drag, the unswept-high-
wing configuration had a larger maximum lift-drag ratio than the unswept-
midwing configuration at all test Mach numbers except 1.50 and 1.90.

The results indicate the existence of a favorable wing-body interference
effect at angle of attack for the high-wing configuration (figs. 11(c)
and 11(d)).

The effect of vertical position of the wing on the 1lift and pitching-
moment characteristics of the unswept-wing configurations was, as men-
tioned previously, small. The variations of 1lift coefficient with angle
of attack and of pitching-moment coefficient with lift coefficient for
both the high- and low-wing configurations at subsonic speeds were more
linear near zero lift than those of the midwing configurations. At all
speeds, the midwing configurations had a somewhat smaller value of 1ift-
curve slope at zero 1ift than either the high- or low-wing configurations.

Swept-back-wing configuration.- The data for the swept-back-wing
configuration presented in figures 9 and 12 indicate that the drag
characteristics were most affected by a change in the vertical position
of the wing relative to the body center line, THe 1lift and pitching=-
moment characteristics were not appreciably affected.

Throughout the range of test Mach numbers, the midwing configuration
had a smaller value of minimum drag than either the high- or low-wing
configuration. As was the case for the unswept-wing configuration, the
differences in minimum drag were more pronounced at the supersonic Mach
numbers., The data of figure 9(d) show that the midwing configuration
had the larger value of maximum 1lift-drag ratio throughout the range of
test Mach numbers. Calculations indicate that the differences in the
maximum lift-drag ratios cannot be attributed entirely to the larger
values of minimum drag of the high~-and low-wing configurations, thereby
indicating that the midwing configurations had a favorable wing-body
interference effect at angles of attack.

The varilation of 1ift coefficient with angle of attack and the
variation of pitching-moment coefficient with 11ft coefficient for the
swept-back-wing configuration, as shown in figures 9(a) and 9(b), were
practically the same for each vertical position of the wing.

Triangular-wing configuration.- As shown in figures 10 and 13, the
1ift and pitching-moment characteristics of the triangular-wing
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configuration were not appreciably affected by a change in the vertical
position of the wing. The results indicate, however, that the minimum
drag coefficients of the midwing configuration were slightly smaller,
and that the maximum lift-drag ratios of the midwing configuration were
larger than those of the high~- and low-wing configurations.

The data presented in figures 8(c), 9(c), and 10(c) show that the
minimum drag coefficient of the triangular-wing models was the least
affected by a change in the vertical position of the wing. The smaller
change indicated for the triangular-wing models is believed to be related
to the fact that the wing-body Jjuncture was aerodynamically more efficient,
due to the longer root chord, than those of the unswept- and swept-back-
wing models.

CONCLUSIONS

The results of a wind-tunnel investigation between the Mach numbers
of 0,61 and 0,91, 1,20 and 1.90 of three aspect ratio 3 wings, each
mounted in a midwing position on a body of revolution and in a high- and
a low-wing position on a modified body of the same axial distribution of
cross-sectional area as the body of revolution indicate that:

1. The variations of 1ift coefficient with angle of attack and of
pitching moment with 1ift coefficient for each model of a given plan form
were not greatly affected by a change in the vertical location of the
wing. The displacement of the unswept wing to a high- or a low-wing
position eliminated the slight nonlinearity near zero lift present in the
1ift and pitching-moment data of the midwing models.

2. The minimum drag coefficient of the midwing configurations were
less than those of the respective high- and low-wing configurations. The
minimum drag of the triangular-wing models showed the least change with
the different vertical wing positions.

3« In general, the maximum lift-drag ratios of the low-wing con-
figurations were somewhat less than those of the midwing or high-wing
configurations,

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif,
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TABLE I.- GEOMETRIC CHARACTERISTICS OF THE MODELS

Characteristic

Unswept-wing

Swept-back

Triangular

plane to body axis,
Fmean aerodynamic
chord

model wing model wing model

Taper Ratio 0.39 Ouk 0
Airfoil Section 3% thick, biconvex | 3% thick, biconvex|NACA 0003-63

(streamwise)

Dihedral, degrees 0 0 0
Incidence, degrees 0 0 0
Total wing area, 2.425 2.425 2.425
S, square feet
Mean aerodynamic

chord, &, feet 0.94Y 0.956 1.199
Distance wing chord 17.5 17.3 13.8
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TABLE II.- AERODYNAMIC CHARACTERISTICS OF THE MIDWING-BODY COMBINATIONS?
[Reynolds number per foot, 4.00 million]

Unsvept-wing model
[ o cL cp Co M a cy, cp Cn M a c | o Ch fl M a cy, cp M a
0.61 | -0.31}-0.021}0.0078} ~0.003} 0.71 | -k.82]|-0.337]|0.031k |-0.022] 0.81] 0.63]0.031 [0.0090]0.003] 1.20 -k.78]-0.382]0.0k70[0.048] 1.50 [ 5.75
-.62f -.0371 0077} -.005) -5.98| -.h23| .0478] -.016 1.28) .068| .0093] .007 -5.93) -.b77| .0651| .065) 5.85
-1.27) -.080 .0083| -.007 -7.13| -.522| .o7M4] .016 2.51} .158| .0136f .013 -.ko| -.039] .0158| .005 9.06
-2.43| -.157] .0120] -.011 -9.37| -.682| .1237] .078] 3.71f .253| .0eis5| .018 .32] .018| .0163|-.002
-3.9| -. 0182} -.015] -1.k2f -.71s| 1598|102 .89 .348{ .0329} . 88| .03} .0167|-.005 1.90 | -.29]
-h.73| -.314] L0275 -.018) -9.39| -.698( .1280| .085 6.09 .kso| .obg2} .o34 1.29] .089] .0175|-.010] -.58
-5 -.381 .0386| -.02h) 29} .009| .0089| .00l 2.48] .189) .0236|-.023 -1.13
-6.98| -.k62] .0568| -.017 1.23] .o6k| .0092| .006| 0.91| -.35[-.025 .00B]-.005] 3.68| .276| .0334-.03% -2.2h
-9 -.621] .1057| .037 2.6| .1s8) .0132| .o10 ~.70|-.07| .0083] -.008] a7 . -.0b5) -3.30|
-11.31| -.690] .1469) .073) 3.63| .232| .ce02| .015 -1.37(-.099| .009k{-.011 5.90| .hsh| .0632|-.059 k.36
.29| .009f .0082| 0 k79| .318] .0303| .020 -2.65|-.204| .01b0] -.024 7.08| .5hs| .o8k2|-.071] -5.h]
60| .0e6 .0085] .002| 5.93) - . 021 -3.688(-.324 .0253-.00% -6.
1.21| .064 .0086 005 7.07} .b79| .0615] .016 -5.15|-.487] .0513] .027f 1.50 -.020] .0127| .003, -8.56!
2.k0| .238 .o122| .008 9.33| .626| .1063] -.006, -6.41(-.642] .0830[ .087 -.039| .0130| .006 -10.67
3.56| .218] .0185| 012] 1.4 .677| .1458{ -.046 -2.65| -. .0138] -, 023| - L0146 012} «5.41]
k70| .297) .0278] .015 13.52| .706| .1818] -.069 .31 .o12| .0091] .002] -] Lo192f .o2h .29
5.83| .37m] .0398] .019) 1,450 .712| .2013| -.078 .66 .037| .009u| 005! -.210] .0265[ .035 .27
6.95| .hu6| -.0556] .018 17.50| .7ho| .2532| -.0Bk 1.33| 083} .0207] .009 -.273] 0358 51 .55
9.19| .597] .0988} -.002 2.60[ .184} .0139| .019) -.340] .o481| .055) 1.1
1.31| .677] .1k22] -.08 0.81 | -.35| -.025| .0081] -.cOk 3.82( .3 0237{ .0 -.ho3| .0626| 065 2.23
13.33] .700[ .1773| -.069 -.68| -.okk| .0081| -.006 5.08| .434| .ok2o| .009) -.538| .2003| .100] 3.29
15.35) .713| .2110| -.081 -1.33] -.089| .0087| -.009 6.33| .570] -.022] -.341} .0495{ .055] k.36
17.381 .731] .2465| -.086 -2.54] -.178[ .0135| -.016 7.51| .670| .0957~.039 -.024) L0127| . 5.5
-3.75] -.277| .0220| -.022 .011| .0127{-.001] 6.45]
0.70] -0.34| -.023| .0082| -.003 ohf -.374] .0358( -.021] 1.20] -.38[-.034] .0153| .00k .o31] .0a31)-. 8.56
-.66| -.ou2 .0082| -.00H -6.18[ -.519| .0626| .022] -.72[-.059] .0157 .007 065 .01h€)-.011 10.67
-1.31| -.084! .0089| -. -6.16{ -.510| .0613| .018] -1.32| -.105] .0169| .012 .133|. .0291| - 12.78]
-2.50| -.167[ .0130| -.0L2) -.34] -.022| .0080| .00 -2.50| -.205] .0237| .026 201 .0261f-.033 14.89
-3.68| -.256 .0208| -.017 .29| .o10| .0088( .o001 -3.65| -.293} .0337| .036] .266] .035%| -.0u3] 16.99
Swept-back-wing model
X a oL cp Cn M a cy, o [ I T c | ¥ a cy, op |cn M a ¢, | o [
0.61{ -0.60 0.0087] -0.001] 0.81| -1.20[-0.095/0.0098| 0.002] 0.91| -k.72}0.399|0.0366|0.038f 1.20| 2.18] 0.142|0.0275]-0.026¢ 1.k | 6.49]0.380[0.0510
-1.17 .0097| 0 -2.33[ -.173| .0137| .005) -5.88|~.503] .0%61| .062 3.28] .221| .0233]-.0k0] 7.52| .138| .0643;
-2.27 0131 .00l -3.48( -.260] .0208| .010] 56| .02h} ,0082|0 4.38] .298] .0316|-.056
-3.38 .0190( .00H| h.63] -.348] .0317| .018 1.17| .072| .0089|-.00k 5.7 L3771 .ok27|-.073| 1.70 ] -.55{-.036] .0137
k.50 .0283| .010] -5.71] -.Bk31| .ok6o} .02k 2.33} .165| .0127|-.012] 6.57) .usB| .0572|-.092] -1.09{-.063] .0Lk3
-5.61 .osl1f oLk E 022 .0082} 0 3.50| .269| .0e02|-.025) -2.15{-.116] .0169)
.52 L0085 o 1.3%| 062 .0085| -.002 4,67 .367| .0314|-.038f 1.50| -.56[ -.04s| .o1k9] .008 -3.22|-.166] .0218
1.08 .0087| -.001] 2.28 .1k2| .0120| -.006| 5.83] .47l .04B8{-.059| o| -.c76| .0158| .01kl <4.29{-.219} .0285
2.22 .on7| -.00H 3.32] .225 .0L76| -.010 6.96] .Skl .0667|-.065) .19{ -.1k1| .0190| .026 -5.35}-.267| .0367
3.33 0165 -.006] k57| .318] .0270| -.01§ .27 -.207} .02h8} .oko| .53} .023| .0138
L.i5 .0241 -.010} 5.71| .hoz| .ouo3| -.025% 1.20| -.57{-.054 .oiko] .00 35| -.270f .0328[ .05h
5.55 .0353| -.015] 6.83 k4| .0%63| -.027 -1.12f-.092] .0152| .01 L[ -.334; .o0b31| .069)
6.67 .0501| -.019) 9.0h| .52 .0933| -.028 -2.22{-.168] .0193| .030 o4t .026| .0150]-.006)
8.87 0863 -.016] -3.31) -.248} .0260| .0k o8] .o59| .0153[-.012
11.03 .1282| -.015| 0.91} -.66] -.064f .0089| .00L L. -.324 0353 .060] 16 .124| .0178]-.024
13.16 .1762{ -.019 -1.23{ -.209| -o10k| .00 -5.51} -.hos| .ok78| .079 25 .190| .0228]-.038
-2.38 -.198 .o0150| .01 .54 .027| .0Mk0f -.005) 33| .25 .0300]~.052)
0.81 - .68 .0085; 0 -3.57| -.303] .0239| .025 1.08] .066] .0142|-.012] k2| .317] L0394} -.067]
Triangular-wing model
M a cp Cp 4 E « cy, cp | Cn 3 a 3 Cp | Cn M o ¢, {op Cn
. -0. 0.0083| 0.00k{ 0.91 1.20] -0.55p0.0k8]0.01220.012 1.40} -0.54}-0.0%0}0.002% o.0108 1.70 | -0.5% |0.034[0.0119| 0.009
o-6t _221 " 0093 .007 s 020 -1.07| -.069| .0136| .017| -1.07}-.057| .0128| .01k
-2.19 Lo111) .ok -2.14| -.128| .0173| .032] -2.121-.105| .0157| .025
-3.27 L0157] 4020 -3.21 -3.17|-.149| .0199] .036
-4,36 .0230] .026 -4.28 %.23[-.196] .0260] .O47
-5.44 .0324| .03L ~5.34 -5.28]-.2k2| .0335] .08
.53 .0079| -.00% .52 53| .01} .0115| -.005
1.07 .0083| -.008 1.06 1,05} .o46| .0122} -.011
2.15 o102| -.015 2.12 2.11| .095| .0k6| -.023
3.2h Lotz -.021 3.20 3.16( .1b1| .0188{ -.03%
b.32 .020k| -. L.27 h.22| .186{ .o24k{ -.0uk
5.h1 .0295| -.033| 5.32 5.27{ .231f .0316{ -.055
6.51 .0b15) -.038! 6.39 6.32| .275| .okoe] -.066
8.67 .on3| -.oko 8.52 8.h2| .362| .0621| -.086
10.85 .1079| -.059]
13.00 .1548§ -.056|

1Data presented at Mach number of 1.90 for Reynolds number per foot of 2.57 million.
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TABLE ITI.- AERODYNAMIC CHARACTERISTICS OF THE LOW-WING-BODY COMBINATIONS
(a) Reynolds number per foot, 2,57 million

Unsvept-wing podel
M a ¢ { % Can X a % ¢ | & N e cL Cp Cn 3 a cL Cp Cn [} a cL Cp | Ca
} Lo.o1 L1, -2.23 1.08
0,61 .01! 1'.& 23 %
2.21 -3.32 2.69
2.84 -3.86 3.23
3.4 -k ko E'g
k. -
5.-5:2 . 5.35
6.85 1. 6.42
28 2. --35 B
.58 2. -.82 B
.12 g -;.ﬁ .
.;n &, -e.sg .
.93 3. -3.1 B
.3.52 é. - .
k.71 -’;Sé .
.29 -3 .
-.a15| .58 333 B
-.03% 8 B3 .
-.056 1.15| .08 .25 .
-.080} 178 | .130} .G 003 52 .
-.120f 2.32| .180] .o138| .o015 -9 -.006
-.163 2.91 | .280| .c1Bo| .018 1.06 -.008
-.208 3.50 | .208} .0236} .016 2.12 -.016
0.7L . -.25h 5681 .u30] .ov22{ -.000 2.65 -.021
- -.350] -.88 | -.061) .0086] -.019| gg -.ggg
- -.hio} - -
- =542 1.20| -.30{-.035] .0162] ----| k2 -.033
- 022 -.58 | -.0%]| .0166| .003| 5.26 -.0k1
- .037] -.87 [ -.080} .0171] .006 6.31 -.050]
- 053] -1.14 | -.105] .0179] .0o8| 8.4 -.067
Svept-ving model
M a ¢ | o [ M a o g | X @ o | o o fm 3 o cp Cy I3 Cy
0.61; ©0.21[ 0.010{0.0085|-0.005 |[0.81} 3.81(0.268 |p.02%6 -3.86 |-.300 b.0245 [0.026 -0.157i| 1.70 0,042
.58 .o2h| .0080| -.00b k.36) .310 |.0209 -h.43 |-.3501 .0308| .022 -.175 048!
76| .ou1| .0083| -.004 6.55] .b76 |.0%91 -5.53 | -.k3g | .ob52 .001 059
1.03} .00} .0092| -.005 8.69{ .50 |.0955 003 072
2.12| .127f .0121| -.,006 10.85] .723 |.1430 W7 | L0231 0189 006 096,
2.66] .61 0148 -.007 12.92] .782 }.18% 75| .ok3} .0153 009 120
3.21 201| .0181} -.00% -.27{-.009 }.0083 1.02 { .063| .o160 021 .1k2!
3.75 238| .o217| -.o12 -.5h{-.026 |.0083 2.08 1 .139]| .0199 .028)| 162
4.29( .276] .o261} -.013 -.84]-.053 | .0087 2.61 | .178| .0227 +036|
5.37 355 .0373} -.019 -1.114-.070 {.0092 3.14 1 .217] .0263 L0434 1.90
6.55 431§ .0513] -.023 -2.22{-.149 |.0130 3.67 | .258 ] .0%06 050
8.65 565 .08701 -.022 -2.771-.189 | .0154 34.19 ] .2974 .0352 085 -
10.77 1277] -.019 -3.32{-.230 |.0190 5.25 | .38 ] .ok72 .080 .
12.88| .769] .1759{ -.023 -3.874-.273 | .02 6.31 { k72| o624 .109 -
16.96] .835| .2237] -.029 -hs2l-.313 |loz82 8.4k | .658] .103% 138 -.028
17.92| .852| .2823] -.059 -5.471-.398 | .0kog -.29 | -.029] .0150 163 -.032
-.261 -.010} .0081| -.006 -6.56 }-.475 {.0565 -.51 |-.0b8 ] .0152 176 -.037
-.54| -.028| .0083} -.005 -8.75{-.585 {.0925 -.78 [-.0671 .0155 -.0h7
-.81| -.045| .0085| -.005 -10.84 |-.708 |.1372 -1.05 |-.085 | .o160 . . -.005 -.056
1.09| -.064] . -.00k -12.98 |-.777 | .1824 -2.11 |-.163] .0158 . . -.008 -.07h
-2.72| -.167| .02k2] -.002 . -2.64 [-.2021 .o227 1.00] .0k51 .0149} -.011 -.091
-3.27| -.205| .o17%| o 0.91| .23{ .022 |.0087 -3.69 t-.283 | .0305 2.06] .099| .0175] -.022 -.106
-3.81| -.243| .0208] .002 50§ .032 {.0081 -k.22 |-.3231 0354 2.58] .126| .0197}| -.028 -.120
-k.35] -.283| .0 005 78] .0% {.0088 -5.27 |-.4081{ .0b78 3.10f .152] .0 -.03h 004
-5.43( -.361| .0371| 020 1.07| .072 | .00¢ -6.32 {-.491| .0628 3.62| .178| .0251} -.039 006
-6.51| - .0 .013 2.18] .258 |.0139 -8.4k {-.658 ] .1015 Loy 204| .0285} -.045 009
-8.65] -.562| 0861 .oll 2.7%| .205 {.0171 3-17 257] 03691 -.057 .01
.1253 009 3.29] .2L8 |.0212 a7 | 021 6.21 G| .0471] -.068 .022
1708{ .01l 3.85) . 0262 81038 8.29] .13 .o729| -.090 027
2205 .016 5.52| .436 | .ou68 1.01 | .053 10.37 S511{ .1048] -.111 032
2929 019 6.63| .526 |.0659 2.07 | .11k 12,44 05| 143 { -.130 037
0120 -.003 -.28|-.01% {.0082 2.59 | 147 14.52] .1880| -.146, .ok2
-.56|-.034 | .0084 3.1 278 -.23| -.021| .01k2{ .00k 092
0.81| 49| .027| .0080) -.003 -.85(-.055 | .0087 3.63 } .20 -.4gl -.0351 o243} .006 .062
77] .ou6| .0086| -.003 -1.13(-.077 | .0092 k6| .2k -.76] -.0k8| 0145} .009 1083
1.05[ .065] . ~.00b -2,25|-.164 | .0133 5.20 | .304 -1.03} -.062{ .ox49| .o12 .10k
2.16| .1¥2| .0135( -.008 -2.80[-.207 | .0161 6.25 | .367 -2.08] -.117| .0179i .02k 123
2.71| .183| .0164{ -.010 -3.36]-.252 | .0190 8.33 | .u86 -2.60{ -.143{ .0201| .030 k2
3.26} .224{ .0201] -.013 -6.59{-.521 | .0627 lo.b1 | .601 -3.11{ -.160| .0229| .036. .162
13
Triangular-ving model
3 a cL cp Cn M o« log ¢ | e M « oL cp Cn f| M 3 oL Sp [ [ a
B o 0.81| -4.29}-0.258{0.0231] 0.031§ 0.91f-4.34 §-.293] o247 . .40]-10.3b]-0.52k|0.1030] 0.139jf1.70] hH.11
. -003 6.5} -.393] .o -0u5 -6.51 | -.4u0} .0b95 1 . Jb1f -.612] .1ko5) (161 6.18
3 .010 8.57 88| . -14.48] -.70k| .1858| .185 8.25
. 017 -10.72] -7 |-.026[ L0107 | .003 48] 032} .0128] -.020 10.31
. -02h -12.86 -1.01 f-.058} .0133{ .01 1.0 0135| -.007 12.38
. 034 -14.63 -2.07 [-.126} .0159 | .029 2.06{ .120{ .0167| -.032 1.5
. .0ko -17.05 -3.11 | -.196] .0209 i .OMB 3.10] .178] .c219| -.0k7
- o7 -bg) k.16 |-.269) .0269 | .067 has| 235 -.062fl1.90]  u7) . .
. .055 1.07 -6.25 [-.398] .0505 100 6.22| 3 0490 | -.089 9t . . N
. 061 2.16 -8.33 |- 0817 | 138 12,44 Gh1f .1480| -.161 -2.05] - . .
- -067 3.26) -10.hh |-.6741 1266 | .175 1k.51] 724 .1927| -.177 «3.07] - . R
. 0N b.35) 12.52 [-.769] .1699 | .1BL 20.37] 1082( -.139 " 10| -, 2361 .
. -.006 6.53 .h8 | .035) .on5 | -.003 6.16| -0 . X
. -.m xg.gg .02 .olo oﬁs -.gfz -B.22 B .
. - . 2.07 | .161f L0161 | -.0%0{1.70| -.%6 -10.. . .
3.18 -.02k 12.95 3.12 | .210] .0218 | -.057 -.99 _120,’;'. ] et .
k.25 -.030 15.08] ka7 § .281) .o30% }-.075 -2.0k ~1b. X . 129
6.37 -.0h1 17.17 6.26 | k18] .0530 |-.110 -3.08, -16.4 saul :
8.49 -.0h3 8.36 | .5% -.148 ety J7as] o e I
10.62 =058 0.91] .51 10.46 | .696) .1319 {-.175 -6.18 AT] B 006
12,74 -.062 1,051 -8.23 B AN . .
14,84 -.069 2.16 10.29 sion| -
16.93 -.078 3.2 =46 |-.o18) .on8 | ook -12.35 3.08f 129/ - .
17.97 .08k h.35 .00 {-.0h9] o129 | 011 -16.51 Byl . K .ol
6.5 .05 |-.105] .0160 | .026 26,47 6.17] . . .
0.8 -.53 ° -oh -3.00 {-.163] .0206 | .ob1 Y g.23| & =44
-1.08 .03 -1.03] -b.20 |-.219] .0276 | .055 1.00 1w0.29| . : Tosk
-2.12 .01h .15 -6.21 {-.333| -ou66 2.05 12.35) . : .
-3.21 .023 -3.23; -8.27 {-.k27} .0706 111 3.08 PURAT ST B .
16,481 . . .
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TABLE III.- AERODYNAMIC CHARACTERISTICS OF THE LOW-WING-BODY
COMBINATIONS - Concluded
(b) Reynolds numbers per foot, 4.00 million

M a cL cp Co H I cL Cp Cn M a CL <p Ca e | oL [

b.61 | -0.30}-0.022 p.co86|-0.007 [ 0.T2 0.81 | -1.24]-0.093 jo.009%{-0.016 § 0.9 | -3.78 |-0.346 lo.0270{-0.023 1.20; 2.91 [0.231 10,0291 -0.032
-.59] -.ok1 | .0086] -.008 1.8 -.129( on12] -.019 -5.04 | -.k86] .ou84| .003 3. .
-.88] -.058| 0088} -.010 -2.50( -.175] .0137| -.022 .30{ .021| .0092| ~.00k N

-1.18} -.078} .0093] -.011 -3.00 6] o] .0095] -.00 b
<178 | - 11k} .0105] -.006 -3.59 .92] .063] .0097{ .001 5.
2.n{ -.as2] .o127} -.017 -4.80 1.22] .088} .o102{ .005
-2.87] -.190| .015%] -. -6.00 1.84| .139} .0123f .10}/ 1.0
-3.44] -.229] L0191 -.023 -7.20 2.46{ .194] .0154| .015
“h.57f -.308| .0281] -.028 .29 3.08{ .253] .0196| .020
-5.71) -.387 .0407] -.030 59 3.73] .328{ .c272y .012 -1.18
8y ] -.k69| .0519] -.025 1.19] .o77{ .0100| .00k 3.99| .u69| .obgo| -.013 -2.28
-9.07( -.615| .1009{ -.007 1.78} .120{ .om8| .o07 2.8k
23} .o | .00 | -.005 2.36| .163| .o1s2{ .ouif1.20 | -.36| -.0453 .0170( .002 -3.39
57 .o34| .0095| -.003 2.96| .enif .o178 .04 -.65] -.068] .o175| .005
861 .053] . -.002 3.%61 2% 019 -9k -.090] .0179| .007
1.15] .070} .0100{ 0 L7 1| .okl L0256 -1.23| -.116] .0l .010
1.72] .lo7{ .o112| .00k 83| .057{ .0095{ .00L -2.37{ -.203{ .0248] .020
3.h2| 222 .0198| 012 5.99 .0514] .ob3 -2.95] -.251( .0295] .027
b, 303 .0290| .019 7.20| .576| 0734} .03% -3.53{ -. .0352| .033
5.69] .382| .ohm1( .021 k.10 -.306] .ob2T| .039
6.83 k67| (0578 019 0.91 -.35{ -.033f .0086| -.012 -4.681 -.392| .ou88| .0k5
9.08] .625| .1021| .003 -.661 - 0085| -.01% -5.83[ -.uBu} . 057
1.19 707] .1483| -.033 -.98} -.082] .0088{ -.007 .23} .o10] .0173} -.005
2.85{ .184| .016%| .009 -1.281 -.105] .0093} -.019 .81 .039] .0277| -.009
2.28} .kb| .0135] .006[ 0.81 -1.88| -.151} .0109| -.025 .88| .063| .o183| -.012
_ -2.51 -.213| .owb1| -.031 1.17| .085| .0191 -.onk
0.71{ -.31{-.025( .0087]| -.007 -3.13{ -.272| .0189| -.032 2.33| .179{ .02bs| -.025
Swept-wing model

M a g, cp Cn M a % cp Cn M a M a cL cp Co [

0.61 [ 0.22 | 0.011 [0.0089 |-0.005]{0.61 | -3.38 [-0.24k4 p.0220 | 0.001 j0.91 | O 1.20 | -0.31 {0,028 b.0150 | 0 1.k0{-4.30
i o251 .0085| -.00k 1 . -5.37
77| .ok2|.0090 | -.00% |(0.81 .22| .013.0088| ~.005 2.

1.06 | .059 -.005 .51) .02B| .0086 | -.005 2. -3.22
2.17] .130].0130§ -.007 80 0091 | -.005 3.
2.71| 1661 .0149} -.008 1.10] .06t -.006 i, 1.70
3.26 | .201 | .0181 | -.009 2.22| .1b5| .01k0| -.020 b,
3.82} .239|.0217| -.011 2.78| .186] .0170| -.002 5.
4,371 .277| .0260] -.00% 3.34 225 .01k -
5.48 | .360].0375] -.019 3.91| .27 | .0251| -.017
6.58 | .u381.0520| -.023 4,48 315 [ .0 - -
5.82| .567|.0877] -.001 5.62| .kol| .okko| -.028 -1.19
10.96 | .667{.1293] -.020 6.74| .u79 -.032 -2.33 1.0
13.09 | .15 .1760] -.023 8.92{ .588]. -.031 -2.86
15.19 | .829|.2253 [ -.031 -.30} -.021| .00861 -.005 -3.43
-.29|-.018 - -.5| -.038| .0087| -.005 -h.or
-.% | -.032 | .0088 | -.005 -.B8] -, L0091} ~-.00L k.59
-.Bu | -.0hg | 00901 -.005 -1.17{ -.077 | .0097{ -.00k -5.7h
-1.13 { ~.067 | .0098 | -.00k -2.29|'-.155 | .0132| -.001
2.231-.139 | .0131 | -.003 -2.85| -.195) 0159 | .001 jj2.20 .
78] - -.002 -3.b2| -.236 | L0293 | .003 .
3]- .00k -3.99| -.281 | .0237( .007 1.06| .06k |.0158 | -.017
010 “h.551 -323 ] . .on 2,14 | .137|.0197 | -.030
012 -5.63| -.hoh | .o813| .019 2.68] .175|.0226 | -.037
010 -6.75| -.480{ 0572 .022 3.22] .21k | .0261 | -.0b3
009 -8 -.566) .0933| .020 3.77| 257 .0305 -.05L
. . 011 4,32} .295].0352 ) -.058 .
-15.20 | -.826 | .2252( .016][0.91 241 .020] .0086 | -.007 s.o| .37k .06 | -.0T5
©<3.33 | -.209 | .0184] -.001 .53| .047 | .00881 -.007 6.49| .hoh | .0610] -.09%
Triangular-ving model
M a cL cp Cm M a cL cp Ca M o cL o Cm M « cL cp Cm M
0.61 0.81] 0.51] 0.039}0.0079]-0.008[ 0.91| -2.20]-0.141}0.0113( 0.019}f 1.20| -1.0h]-0.056}0.0124f o.0M1fl 1.koO
1.09| .o75] .0089f -.013 -3.31| -.216} .0172f .03l -2.12| -a25{ .0153] 030
2.19| .14k] o123} -.022 -b.h3| -.290| .o259} . .ok2) -3.19} ~.197] .0206] .0b8[l 1.70
3.30[ .23} .0183] -.0n1 -6.67| -.kh2] .0536] .066| -k.26] -.266| .0280] .067
u.hoy .282f .0266| -.039 .53 .ouk| L0078 -. 461 401 L0503 .10k
6.62{ .l8f .0510{ - 1.12[ .0Bs| .0083| -.016 -7.56| -.475| .066h] .122
B.17 519] .0824| -. 2.23| .160| .0131| ..028
10.92| .618) .1enf -.076 3.36] .2u3| .0203] -.ob1ff 1.%0] -.48f -.020] .o125 .oOM
-.55; -.022 0077 © 4,48 312] .0297f -.05t -1.03| -.048| .013k 011
-3.27] -.192 .0155] .023 6.72 . 0583] -.07% -2.10{ -.107| .0162
-b.38| -.263] .023kf .032 8.85| .s70| .0930f -.090 -3.17| -.166f .0211| Okl
-6.58| -.395| .ou61| .oh6 b.o3p -.2e2| L0275 055
-8.75( -.h99| .o766| .okgll 1.20 .51 .ou1f .o120f -.013 -6.35| -.331] .o459) 085
-10.92} ~.610| 1173 .066 1.06] .076| .0132| -.022 51} .035| .o129( -.010
<1.06] -.056| .0082f .oo4 2.14  .1b5| .0167| -.0ho| 1.05] .065| .orkoj -.017
-2.17| - .oto7[ .01k 3.211 .217| .0226] -.058 2 .12kt .0175| -.033
i,28] .282] .0304{ -.075 3.9! .18%f o228 -.0kB,
0.91| -.56§ -.025 .0074 o 6.3 k21l Lo5h2f -.110] Lok .238) L0297 -.
-1%.03 -1.08] -.061) 006 -.hgl -.023] L0115 .002 6.37] .3b9] .oko3l -.089
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(a) Table listing the location of control points.

Figure 3. -Geomelric characteristics of the body of the present investigation.
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Figure 8.—The variation of the aerodynamic characteristics with lift coefficient for three vertical positions of the
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Reynolds number, 4.8 million.
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