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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

AERODYNAMIC CHARACTERISTICS OF A WING WITH 

QUARTER -CHORD LINE SWEPT BACK 600 , ASPECT RATIO 2, TAPER 

RATIO 0.6, AND NACA 65A006 AIRFOIL SECTION 

TRANSONIC-BUMP METHOD 

By Boyd C. Myers, II and Thomas J. King, Jr. 

SUMMARY 

As part of a transonic r esearch program, a series of wing-body 
combinations is being investigated in the Langley high-speed 7 - by 
10-foot tunnel over a Mach number range of about 0 . 60 to 1.20, utilizing 
the t ransonic-bump test technique. 

This paper presents the r esults of the investigation of a wing
alone and a wing-fuselage configuration employing a wing with quarter
chord line swept back 600 , aspect ratio 2, taper ratio 0.6, and an 
NACA 65A006 airfoil section. The r esults are presented as lift, drag, 
pitching-moment, and bending -moment coefficients for both configurations. 
In addition, effective downwash angles and point dynamic pressures for 
a range of tail heights at a probable tail length are presented for the 
two configurations investigated. Only a brief analysis was made in 
order to facilitate the publishing of the data. 

INTRODUCTION 

A series of wing-fuselage combinations is being investigated in 
the Langley high-speed 7- by 10-foot tunnel to study the effects of wing 
geometry on ·longitudinal stability characteristics at transonic speeds. 
In the r esearch program utilizing the transonic-bump technique, a Mach 
number range of about 0.60 to 1.20 is investigated. 

This paper presents the results of the investigation of the wing
alone and wing -fuselage configurations employing a wing with the 
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~uarter-chord line swept back 600
, a spect ratio 2 , t aper ratio 0 .6, 

and an NACA 65A006 airfoil s ection parallel to the free str eam . The 
r esults of a 600 sweptback wing of aspec t ratio 4, which was part of 
the present transonic program, are presented in r efer ence 1. 

MODEL AND APPARATUS 

The wing of the semispan model had 600 of sweepback r eferred to 
the ~uarter-chord line, aspect ratio 2, taper ratio 0 . 6, and an 
NACA 65A006 airfoil section (reference 2) parallel to the free str eam. 
The wing was made of beryllium copper and t he fuselage of brass. A 
two-view drawing of the model is presented in figure 1 and ordinates 
of the fuselage of actual fineness ratio 10 (achieved by cutting off 
the r ear portion of a streamline body of fineness ratio 12 ) are given 
in table I. 

The model was mounted on an electrical strain-gage balance encl osed 
in the bump and the lift, drag, pitching moment, and bending moment 
about the model plane of symmetry wer e measured with calibrated 
potentiometer s . 

Effective downwash angles wer e determined f or a range of tail 
heights by measuring the floating angles of five free-floating tails 
with calibrated slide -wire potentiometers. Details of the floating tails 
are given in figures 2 and 3, while a view of the model mounted on the 
bump showing three of the floating tails is given in figure 4. The 
tails used in this investigation are the same as those used in r efer ence 1 . 

A total-pre ssure rake was used to det ermine the dynamic-pressure 
ratios for a range of tail heights along a line which contained the 
25 -percent mean-aerodynamic-chord point of the free -floating tails. 
The total-pressure t ubes wer e spaced 1/8 inch apart near the chord line 
extended and 1/4 inch apart elsewher e . 

COEFFICIENTS AND SYMBOLS 

lift coefficient (Twice semi span lif~) 
~S 

drag coefficient (Twice semispan drag) 
~S 

pitching-moment coeffici ent r ef erred to 0 .25c 

(
Twic e semispan pitching moment\ 

~Sc ") 
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CJ.wake 
CJ. 

bending-moment coefficient about root chord line 

(at plane of synnnetry) (Root be~~g moment~ . 

CJ. 2 2 ) 

effective dynamic pressure over span of model, pounds 

per sCJ.uar e foot (PV2/2) 
twice wing area of semispan model, 0.125 sCJ.uare foot 

mean aerodynamic chord of wing, 0 . 255 foot; based on 

l b/2 
r elationship g c2dy (using the theoretical 

S 0 

local wing chord, parallel to plane of symmetry 

mean aerodynamic chord of tail 

twice span of semispan model, 0.50 foot 

spanwise distance f r om plane of symmetry 

lateral center of pressure 

air denSity, slugs per cubic foot 

free-stream velocity, feet per second 

effective Mach number over span of model 

local Mach number 

average local Mach number, chordwise 

Reynolds number of wing based on c 

angle of attack, degrees 

effective downwash angle, degrees 

tip) 

ratio of point dynamic pressure, along a line containing 
the CJ.uarter-chord points of the mean aerodynamic chords 
of the free-floating tails, to the local free-stream 
dynamic pressure 
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Subs cripts : 

M 

o 
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tail height r e lative to wing chor d plane extended, 
per cent semispanj pos itive for tail posit i onB above 
chor d plane extended 

at constant Mach number 

at zer o lift 

TESTS AND CORRECTIONS 

The tests wer e conducted i n the Langley high- speed 7- by 10 -foot 
tunnel by use of an adaptation of the NACA wing -flow technique for 
obta ining t r ansonic speeds . The method used involved the mounting of 
a model in the high -velocity flow fi eld gener ated over the curved 
surfac e of a bump located on the tunne l floor. (See r ef er ence 3. ) 

Typical contour s of local Mach number s in the r egion of the model 
l ocation on the bump, obtained f r om surveys with no model in position, 
are shown in figure 5 . Ther e is a Mach number gr adient which r esulted 
in a differ ence of about 0 .03 over the span of the model at t he l owest 
and highes t Mach number s with a maximum differ ence of about 0.05 
present at a Mach number of about 1 .0. The chordwise Mach number 
diff er ence var i ed f r om about 0 .01 to 0.02. No attempt has been made 
to evaluate the effects of these spanwise and chordwise var iations in 
Mach number. The l ong -dash l i nes shown near the wing r oot r epr esent 
a local Mach number 5 per cent bel ow the maximum value and indicate the 
extent of the bump boundar y l ayer. The eff ect ive t est Mach number 
was obtained f r om contour char ts similar to those pr esented in figure 5 
from the r el ationshi p 

I
b/2 

M = ~ 0 cMa dy 

The var iation of mean t est Reynolds number with Mach number is 
shown in f i gure 6 . The boundar i es in the figure indicate the range 
in Reynolds number caused by var iations in test conditions during the 
course of the investigation. 

For ce and moment data, effective downwash angles, and the ratio 
of dynami c pressure at 25 per cent of the mean a er odynamic chords of 
the f r ee -f l oating tails to f r ee - str eam dynamic pr essure wer e obtained 
for the model configurations t ested through a Mach number range of 0 .70 
to 1 .18 and an angle -of -attack r ange of _20 to 100 . 

CONFIDENTIAL 
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The end-plate tares on drag were obtained through the test Mach 
number range at zero angle of attack by testing the model configurations 
without end plates. For these tests a gap of about 1/16 inch was 
maintained between the wing root and the bump surface, and a sponge
wiper seal was fastened to the wing butt beneath the surface of the bump 
to prevent l eakage . (See fig. 7.) The drag end-plate tares were 
assumed to be invariant with angle of attack and the tares obtained at 
zero angle of attack wer e applied to all drag data. J et-boundary 
corrections have not been evaluated inasmuch as the b01h~dary conditions 
to be satisfied are not rigorously defined. However, inasmuch as the 
effective -flow field is large compared with the span and chord of the 
model, these corrections are believed to be small. Considerations of 
the r esults of static loading of the wing of r eference 1 indicate that 
the deflection of the present wing under load would be negligible. 

From measurements of tail floating angles without a model 
installed, it was determined that a tail spacing of 2 inches relative 
to the wing chord plane would produce negligible interference effects 
of r eflected shock waves on the tail floating angles. Downwash angles 
for the wing-alone configuration were therefore obtained simultaneously 
for the middle, highest, and lowest tail positions in one series of 
tests and for the two intermediate positions in succeeding runs. 
(See fig. 3.) For the wing-fuselage tests, the effective downwash 
angles at the chord plane extended were determined by mounting a free 
floating tail 'on the center line and at the surface of the fuselage; 
thus this tail was placed at a slightly different spanwise position 
than the other tails. The downwash angles presented are increments 
from the tail floating angles without a model in position. It should 
be noted that the floating angles measured are actually a measure of 
the angle of zero pitching moment about the tail-pivot axis rather than 
the angle of zero lift. It has been estimated that, for the tail 
arrangement used, a 20 spanwise downwash gradient over the tail will 
result in an error of about 0.20 in the r esultant floating angle. 

Total-pressure r eadings were obtained at constant angles of attack 
through the Mach number range without an end plate on the model to 
eliminat e end-plate wakes and with the gap around the model sealed to 
minimize any leakage effects . The pressures have been corrected for 
bow-wave loss and the static-pressure values used in computing dynamic
pressure r atios were obtained without a model in pOSition. 
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RESULTS AND DISCUSSION 

A tabl e of the figures pr esenting the r esults follows : 

Figure 

Wing-al one for ce data . . . . . . . . 8 
Wing -f usel age force data . . . . . . . 9 
Effective downwash angles (wing a l one) 10 
Effecti ve downwash angles (wing fuselage ) 11 
Downwash gr a di ents . . ... . ... 12 
Dynamic -pr essure s urveys . . . . . . . 13 
Summar y of aer odynamic char a cter istics 14 

Unless ot herwise 4oted , the discussion is based on the summar y 
curves pr esented i n f i gure 14 . The slopes have been aver aged at CL 0 
over a lift - coeff i cient r ange of to .l . 

Lift and Dr ag Char acter istics 

The lift - curve slope a t zer o' l ift of the wing -alone configuration 
had very l ittle var iati on t hroughout t he Mach number r ange but incr eased 
f rom a val ue of 0 .040 at M = 0 . 70 to a maximum value of about 0 . 046 
near M = 1 .03 . Thi s va l ue of 0 .040 at M = 0.70 compar ed with a 
theor e tical value of about 0 .036 estimated for this Mach number by the 
method of r efer ence 4 . The additi on of the fuselage incr eased the 
lift -curve s l ope about 8 per cent t hroughout the t est Mach number r ange . 
The nonlinearity of the l ift curve s (figs . 8 and 9) is congruous with 
the eff ect of aspect r atio and sweepback encounter ed on s imilar 
plan forms at low speeds and at higher Reynolds numbers (r efer ence 5 ) . 

The drag r ise at zer o lift occurred at a Mach number of about 1 .03 
for both the wing-alone and wing -fusel age configurations . The zer o lift 
drag val ue at M = 0 .70 of 0 .004 r emained constant up to M = 1 .00 
and incr eased gradual ly ther eafter to a value of 0 .010 at the highes t 
test Mach number. The a ddition of the fuselage increased the total 
drag coefficient by an i ncrement of about 0 .007 throughout the 
subsonic Mach number r ange . This incr ement incr eased to a value of 
of 0 .018 at M = 1 .18 . The var iation of drag coefficient with Mach 
number for both configurations is notably similar to that of the wing 
of r efer ence 1 a l though the absol ute values ar e somewhat lower for the 
pr esent wing . 

The later a l cent er of pr essure for the wing alone (CL = ±O.l) was 
located at 43 per cent of the s emispan a t a Mach number of 0 . 70 . This 
value compar es with a theor etical value of 44 .5 per cent semi span 
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estimated by use of r efer ence 4. It should be noted that for the 
wing-alone configuration, Ycp r emains practically constant with Mach 
number except for an inboard shift of about 3 percent semispan in the 
Mach number range from M = 0.95 to M = 1.10. The addition of the 
fuselage moved the lateral center of pressure inboard about 5 percent 
semispan up to M = 1.07. Above this Mach number the effect of the 
fuselage was somewhat greater and resulted in about a 10-percent 
inboard movement of the lateral center of pressure at M = 1.18. 

Pitching-Moment Characteristics 

Near zero lift the aerodynamic-center location for the wing-alone 
configuration was at 25 percent of the mean aero~ic chord 

(
dCm) _ 0 up to M - 0 85 This value compared with an aerodynamic-
dCL M - - . . 

center location of about 23 percent mean aerodynamic chord estimated 

7 

for M = 0 by the method of reference 4. The addition of the fuselage 
moved the aerodynamic center rearward about 4 percent mean aerodynamic 
chord up to M = 1.05. Above this Mach number the stabilizing influence 
of the fuselage is r educed and becomes zero at M = 1.18. The stabi 
lizing influence of the fuselage on a wing of 600 sweep has been 
previously noted experimentally for this Mach number range (reference 1). 

Unlike the results of the wing of r efer ence 1, it is noted that 
for both wing and wing-fuselage configurations (figs. 8 and 9) there 
is no evidence of unstable pitching-moment trends at the highest lift 
coefficients obtained for all test Mach numbers. These pitching-moment 
trends are very similar to those obtained at low speeds for an almost 
identical plan-form configuration (reference 5). 

Downwash and Dynamic-Pressure Surveys in Region of the Tail Plane 

The downwash gradient dE /da near zero lift for the wing alone 
(fig. 14) had little variation with Mach number for constant tail 
heights of 0 percent and ±30 percent semispan. 

The addition of the fuselage increased the downwash gradient OE/oa 
(fig. 12) for all tail heights up to a Mach number of 0.98 with the 
greatest effect occurring at zero tail-height position. It should be 
noted that the effective dowrrwash angles are determined over a slightly 
more outboard spanwise r egion for the fuselage-tail configuration 
(ht = 0) than for the wing-alone middle tail (see figs. 2 and 3). 
Above M = 0.98 the dowrrwash gradient was about the same as the wing
alone gradients. At M = 1.15, however, dE/da for the wing fuselage 
was about 25 percent less than the wing alone for all tail heights . 
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The r esults of the point-dynarnic-pressure surveys made along a 
line perpendicular t o the chord plane extended (at ~ = 0) and containing 
t he 25-percent mean-aer odynamic -chord point of the free-floating tails 
are presented in figure 13 . Ther e was little change in the wake charac
ter ist ics for all test angles of attack for the wing-alone configuration 
thr oughout the Mach number range . 

The addition of the fuselage had very little effect on the dynamic
pressure characteristics for all t es t angles of attack up to M = 1.00. 
Above this Mach number the addition of the fuselage increased the loss 
in dynamic pressure at the tail, especially at ~ = 100 , for all tail 
heights other than the tail position at the wake center line . 

I t should be noted that for both the wing-alone and wing-fuselage 
configurations at all Mach numbers the wake center line moved from the 
zer o tail-height position at ~ = 00 to about 8-percent - semispan tail
height position above the wing chord plane at ~ = 100 • 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va. 
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TABLE I. - FUSELAGE ORDINATES 

[Basic fineness ratio 12; actual fineness ratio 10 
achieved by cutting off the rear one-sixth of 
the body; c/4 located at 2/2J 

~------------ /~114-H----~ 
t------- ~l--------+-i 

1 2 --~--I 

,.---- - ~----
-----=;~;:L__--,----- - -

Ordinates 

x/2 r/2 x/2 r /2 

0 0 0 0 
.005 .00231 .4500 .04143 
.0075 .00298 .5000 .04167 
. 0125 .00428 . 5500 . 04130 
. 0250 .00722 . 6000 . 04024 
.0500 .01205 . 6500 . 03842 
. 0750 . 01613 ·7000 . 03562 
.1000 . 0197l ·7500 .03l28 
.1500 . 02593 .8000 .02526 
. 2000 .03090 .8338 .02000 
.2500 .03465 . 8500 . 01852 
. 3000 .03741 .9000 .01l25 
. 3500 .03933 .9500 .00439 
. 4000 . 04063 1.0000 0 

L. E. radius = 0 . 00052 

9 
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Clearance ~ 

0.25 Chord line 

Tabulated Wing Data 
Area (Twice semispan) 
Mean aerodynamic chord 
Aspect ratio 
Taper ratio 
Incidence 
Dihedral 
Airfoil section parallel to 

free stream 

Reference centerline 

I • 11.8 • I 

I • 7.07 • I 

1.18 Maximum diameter 

--

Centerline of balance normal 
to bump surface 

2.50 

~ 

--CO. 56 

Wing- fuselage end plate ( ~"thiCk) 

012 I..... I 
Scale, Inches 

~ 

0.125 sq ft 
0.255 ft 
2.0 
0.6 
0.0 0 

0.0 0 

NACA 65A006 

Figure 1.- Gene r al arrangement of model with 600 sweptback wing , aspec t r atio 2, t ape r r atio 0 . 6, 
and NACA 65A006 a irfoil . All dimensions are i n i nches . 
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1.18 Maximum diameter 

I • 4.53. I 

Centerline of balance normal to 
bump surface 

End plate used with 
floating tail in fuselage 

-------,'-:: = - c:: I $%2'222'42'2 '22 -(-) 

o 2 
1 •••• 01 

Scale, inches 

~ 

Figure 2 .- Detail s of wing fence and free - floating tail mounted on a model with 600 sweptback wing, 
aspect ratio 2, taper ratio 0.6, and NACA 65A006 airfoil. All dimensions are in inches . 
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Wing chord plane 

extended at CC = 0 0 

~ 

0.25 c of model 
n 

Bump SUrface~ 'iii '_ 

~ Diameter 
Pivot center 

1.0 

1.0 
1 
t 
1.0 
1 
t 
1.0 

Q25-Chord line 

Floating-tail geometry 
Area (Twice semispan) 0.0178 sq ft 
Aspect ratio 4.0 
Taper ratio 0.60 

.1 
16 

~ _=ss=sss=ssss""'w -, 

Section 8-8 

~ 
o 2 
............ 1 

Scale , inches 

Figure 3.- Details of free-floating tails used in surveys behind model with 600 sweptback wing, aspect 
ratio 2, t aper ratio 0.6, and NACA 65A006 airfoil. All dimensions are in inches. 
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~ 
_1lis.._~~~ _____ L~-._6_3154 

Figure 4.- A pictorial view of t he model wing with quarter- chord line , 
swept back 600

J aspect ratio 2J taper ratio o .6J and NACA 65AOo6 air
foil section showing free-floating tails. 
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Figure 5. - Typical Mach number contours over transonic bump i n r egion of model location. 
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Figure 7.- A pictorial view showing sponge - wiper- seal installation on 
the model wing with quarter - chord line swept back 60°, aspect ratio 2, 
taper ratio 0.6, and NACA 65A006 airfoil section . 
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