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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

AERODYNAMIC CHARACTERISTICS OF A WING WITH 

UNSWEFT QUARTER-CHORD LINE, ASPECT RATIO 2, TAPER 

RATIO 0.78, AND NACA 65A004 AIRFOIL SECTION 

TRANSONIC-BUMP METHOD 

By Edward C. Polhamus and George S. Campbell 

SUMMARY 

The aerodynamic characteristics of a low-aspect-ratio wing have been 
investigated in the Langley high-speed 7- by 10-foot tunnel over a Mach 
number range of O.60 to 1.17 by use of the transonic-bump technique. The 
results Include lift, drag, pitching-moment, and root bending moment for 
a wing having an unawept quarter-chord line, aspect ratio 2, taper 
ratio 0.78, and an NACA 65A004 airfoil section. 

The variations of aerodynamic characteristics with Mach number in 
the low-lift range were relatively small except for a sudden 9-percent 
mean aerodynamic chord rearward movement of the aerodynamic center near a 
Mach number of unity. 

Theoretical values of lift-curve slope and lateral center of pressure 
have been shown to be in good agreement with experimental results for sub- 
sonic Mach numbers. A comparison of the drag data with theory indicated 
that the high values of drag due to lift were probably caused by a loss 
in leading-edge suction. 

INTRODUCTION 

A series of wing and 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 
3peeds. By utilizing the transonic-bump technique a Mach number range 
of about 0.60 to 1.18 is obtained. 
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1 
This paper presents the results of an investigation of force and 

moment characteristics for a wing with an unswept quarter-chord line, 
aspect ratio 2, taper ratio 0.78, and an NACA 65AOO^ airfoil section 
parallel to the free stream. 

MODEL AND APPARATUS 

The semispan wing model of the present tests had an unswept quarter- 
chord line, an aspect ratio of 2, a taper ratio of 0.78, and an 
NACA 65A004 airfoil section parallel to the free stream. A two-view 
drawing of the wing, which was made of beryllium copper, is presented in 
figure 1; airfoil ordinates are given in table I. The wing was obtained 
by modifying an unswept wing having an aspect ratio of k  and a taper 
ratio of 0.6 that was previously tested as part of the transonic research 
program. Pictorial views of the model mounted on the bump are presented 
in figures 2 and 3- 

The model was mounted on an electrical strain-gage balance enclosed 
within the bump. The lilt, drag, pitching-moment, and root bending 
moment were measured with potentiometers. 

COEFFICIENTS AND SYMBOLS 

AC, 

q 

p 

v 

s 

lift coefficient (Twice panel lift/qS) 

drag coefficient (Twice panel drag/qS) 

pitching-moment coefficient referred to 0.25c 

(Twice panel pitching moment/qSc") 

bending-moment coefficient about root chord line 

[Root bending moment/q j 

drag coefficient due to lift fop - CQ ) 

effective dynamic pressure over span of model (pV 12} 

air density 

free-stream velocity 

twice wing area of semispan model, 11.11 square inches 
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c        mean aerodynamic chord of wing using theoretical tip 

(if -) 
c local wing chord 

y spanwise distance from wing root 

b twice span of model 

A aspect ratio of wing (b2/s) 

X distance along airfoil chord, percent chord 

Y airfoil ordinate, percent chord 

M effective Mach number over span of model 

Ma average chordwise local Mach number 

R Reynolds number of wing based on c 

a angle of attack, degrees 

ycp lateral center of pressure, percent semispan [100—j 

Subscripts: 

M at a constant Mach number 

I local value 

o at zero lift 

TESTS 

The tests were conducted in the Langley high-speed 7- by 10-foot 
tunnel utilizing an adaptation of the NACA wing-flow technique for 
obtaining transonic speeds. The method used involves mounting a model 
in the high-velocity flow field generated over the curved stirface of a 
bump located on the tunnel floor.  (See reference 1.) 
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Typical contours of the local Mach number in the region of the model 
location on the bump, obtained from surveys with no model in position, 
are shown in figure 4. The spanwise Mach number gradient for the model 
tested increases from 0.02 at low Mach numbers to 0.04 at the higher 
speeds. The chordwise Mach number gradient is generally less than 0.02. 
No attempt has been made to evaluate the effect of these spanwise and 
chordwise variations of Mach number. The dash lines shown near the wing 
root represent a local Mach number 5 percent below the maximum value and 
indicate the extent of the bump boundary Layer. The effective Mach 
number was obtained from contour charts similar to those presented in 
figure 4 from the relationship 

M . • r/2 

sjo 
cMa dy 

The variation of test Reynolds number with Mach number is shown in 
figure 5- 

Force and moment data were obtained for the model configuration 
tested through a Mach number range of 0.60 to 1.17 and an angle-of-attack 
range of -2° to 10°. 

A cut out in the bump surface to allow changes in angle of attack 
during test runs necessitated use of an end plate to prevent leakage 
(fig. 2). Allowance for end-plate clearance exposed abou+ l/l6 inch of 
the wing butt to the air stream. Since the exposed portion of the butt 
was well within the boundary layer (fig. 4), the effect on forces and 
moments is assumed small. 

The end-plate tares on drag were obtained through the test Mach 
number range at zero angle of autack by testing the model configuration 
without an end plate. For this test, the same gap of about l/l6 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 leakage (fig. 3)- Tests of other bump models showed 
that the end-plate tares were practically invariant with angle of attack. 
Hence, the tares obtained at zero angle of attack were applied to all 
drag data. Jet-boundary corrections have not been evaluated since the 
boundary conditions to be satisfied are not rigorouely 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. 
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RESULTS AND DISCUSSION 

The force and moment data are presented in figure 6. The summary 
of aerodynamic characteristics throughout the test Mach number range is 
shown in figure 7» Unless otherwise noted, the discussion is based on 
this summary. The slopes through zero lift have been averaged over a 
lift-coefficient range of ±0.1. 

Lift and Drag Characteristics 

The lift-curve slope increased gradually with Mach number from a 
value of 0.0^5 at a Mach number of 0.60 to the value of 0.055 at a Mach 
number of about 1.0. Values of theoretical lift-curve slope, as given 
in reference 2, using the Weissinger method and the three-dimensional 
Prandtl-Glauert transformation are Bhown (fig. 7) to be in good agreement 
with experimental results throughout the subsonic range tested. The 
value of theoretical lift-curve slope was calculated at sonic speed from 

the value of vfzr^)    ßiven in reference 3. 

The lateral center of pressure was located at k2 percent of the 
semispan at a Mach number of 0.60. This value is essentially in 
agreement with the theoretical value obtained from reference 2. The 
lateral shift in loading with Mach number is observed to be small 
throughout the Mach nuirher range of the present tests. 

It is seen from figure 7 that the drag rise with Mach number is 
relatively small. However, the results indicate that the drag due to 
lift is approximately twice the theoretical value for full leading-edge 
suction (reference 2). In fact, the parameter tC-QjCj^    approaches the 

theoretical value for zero leading-edge suction / rCTT~\* ^ne 

expression for zero leading-edge suction results from the fact that with 
no leading-edge suction, the resultant force is normal to the chord line 
rather than the relative wind. Experimental lift-curve slope was used 
to compute the drag-due-to-lift parameter for zero leading-edge suction. 
The results indicate that this thin wing, having a relatively sharp 
leading edge, develops very little leading-edge suction, causing high 
drag due to lift. 

Pitching-Moment Characteristics 

Near zero lift coefficient, the aerodynamic center was at the 
quarter-chord at a Mach number of 0.60. The aerodynamic center gradually 
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shifted forward to 20 percent of the mean aerodynamic chord at high 
subsonic speeds. Between a Mach number of O.98 and 1.03, the aerodynamic 
center moved rearward to the 29-percent point and remained nearly 
constant at the higher Mach numbers tested. It is noted from figure 6 
that the aerodynamic center moved rearward at higher lifts, particularly 
at the higher Mach numbers. 

CONCLUSIONS 

The results of an investigation of a thin, unswept wing of low 
aspect ratio indicate the following: 

1. The variations of the aerodynamic characteristics with Mach number 
in the low-lift range were relatively small except for a sudden 9-percent 
mean aerodynamic chord rearward movement of the aerodynamic center near a 
Mach number of 1.0. 

2. Available theory satisfactorily predicted lift-curve slope and 
lateral center of pressure throughout the subsonic Mach number range. 

3. Although the drag rise with Mach number was relatively small, 
the drag due to lift was high, apparently due to a loss in leading-edge 
suction. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va. 
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TABLE I 

NACA 65A004 AIRFOIL ORDDIATES 

(Percent chord] 

X Y 

0 0 
.5 .311 
.75 .378 

1.25 .1*81 
2.5 .656 
5.0 .877 
7.5 I.062 

10 1.216 
15 1.1*63 
20 1.649 
25 1-790 
30 1.89^ 
35 I.962 
1*0 It 996 
1*5 1.996 
50 1.952 
55 I.867 
60 1.7te 
65 I.58U 
70 1.1*00 
75 1.193 
80 .966 
85 .728 
90 .1*90 
95 .21*9 

100 .009 

Leading-edge r adius = 0.102 
Trailing-edge r adlua = 0.010 

JS^ft" 
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0.25 Chord line 

Clearance -i- 
16 

K   r 2.063 "1 

p—J \-—12=2.370—I 

Bump surface 

2.357 

1.130 
1 

2.652 — Reference center line 

End plate 

Center line of balance normal 
to bump surface 

All dimensions in inches 
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Scale, inches 

Figure 1.- General arrangement of model with unswept quarter chord, aspect 
ratio 2, taper ratio 0.78, and NACA 65A004 airfoil. 
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1 

Figure 2.- Pictorial view of wing model and end plate mounted on the bump. 
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Figure 3.- Pictorial view showing sponge-wiper seal installation on the 
model, a = 0°. 
CONFIDENTIAL 



r NACA RM L50A18 13 

*<0   S   1)fl»0    -    GJ       IO CO 
CD   00    o a> <7>   CA   ft      <7> 0> - 

TTT 
*$  tf> (0N(OQ)O-M  IO 

5g 
0 

Uj'dujnq Moqo 
»OUDtBip  |03I(J»A 

a 

s 
o 
0 

O 

g 
a) 

I 
g 
is 

! 

ui 'duinq snoqo 
»OUDJSp   |03!|J»A 



r ik NACA RM L50A18 1 

_s—1 g_ 

-8 \\ 8- 

b I 

CM 

CD 

X 
0> 00 (0 m 

•Ö 

i u 

v +• 

y'jaqwnu spiouAay 



RM L50A18 

tk^>aoc>a(]4<OQO 

2 t>^-t    «ONQt-iONO    t-   N   H  Q 
•-I   i-i   oooo>o»o>a5oococ-o 

15 

~    "*.    « 

O u 

a) 
S1 
+> 

O 

4» 
U 

& 09 
cd 

I o 

CQ 00 
i-l o o        ° 

ooooooo  ooooo 
a0  *jirapuj90D äniQ 

Id o 

o o L.^^-<loOa£J    A    <   O   Q o 

«       >-II-IO.OQO>0>01 oS   oo  oo  t- 8 

< 
t- 

u o 

o 
u 

ao •* o 
oooooooooooo 

3sp' o 'ipsn* JO 913UV 

• ° u o 

32 
II 

i 
o 

o 



r 
NACA RM L50A18 17 1 

o 
. co 

o 
"o 

Ld 1 
c o 
o 
3 1 
l/> 1 

UJ 

o 
1 

N 1 u. 
1 
| 

^ J _^y 

1 

J 

; 

 §5 z 

I 
<M 

5 
o 
u. 
§ o 

O 

< 
Z 
UJ 
Q 
U. 
Z o 
Ü 

1 
c D  -•* 

\ 
 o — 

\ 
\ l J \ IS 
\ \ 

\ 
r 
i 

i 
i - 

-+ 
I 
\ 1 " -' 

u 

3 

CD 

8 o CO o o 

Q 

+> CO 

NU'A-t jnnlry - 5-8-50 - 500 



•o 

01 

ff o 

1 
I 

5 

5s Q 

•5 



r 

<H   B   Crlrt 

• <n a 

•N 0) H   u   £ 

Bg5|l 

•H a O   •» <o 

+> +> p q $-j 
•H   CD   fi H -H 

pl-H 



Reproduced    by 

CCOTBflL  MB  DflCOIDtllTS  DfflCf 
WRIGHT-PATTERSON  AIR FORCE B ASE- O A Y TON.OHIO 

• ••.':* »Aisoiv» •-., v 
FROM ANY UTIOATION WHKH MAY ENSUE FROM ANY 

JNTKINQEMENT ON DOMESTIC OR FORBON PATENT WOHT5 

WHKH MATM INVOLVED. . 
mmammmmmmmmmmmmmmmmmmmmmmmmmmmmmKmmmmmmmmmmmmm'^mmmmmmmmmgf^ 

CONFIDENTIAL 
MMaam 



r 
16 NACA RM L50A13 

"-H-HOOOOsoJOioSaoooc-eo 

< 
P 
z 
o 

o o 

oooooooo   oooo 
a0  '^uepxjjaoo }U3uioui-2utpuee 

^•>q>oooa£J   ^   <  O  • O 

iHi-ioooo»a»»    as 
l>     N    rH   Q co   oo  e- 85 

o 
u 

a 

u 

s 

3 o 
§ 

.-J O 
oo   oooooooooo 

•0  '^uexoTjjeoo luauioai-SupioiTd 



ATI- 72 382 

nmlttee National Advisory Committee for Aeronautics, 
Langley Aeronautical Lab., Langley Air Force 
Base, Va.   (Report No. NACA<RML50A18) 

AERODYNAMIC CHARACTERISTICS OF A WING 
WITH UNSWEPT QUARTER-CHORD LINE, ASPECT 
RATIO 2, TAPER RATIO 0.78, AND NACA 65A004 
AIRFOIL SECTION - TRANSONIC BUMP METHOD 
(RESEARCH MEMORANDUM), by Edward C. 
Polhamus and George S. Campbell.  8 Mar 1950, 
17 pp. 

(Not abstracted) 

DIVISION: Aerodynamics (2) •/ .- 
SECTION:  Airfoils (6) 4>    / 
DISTRIBUTION:   U.S. Military Organizations request 

copies from ASTIA-DSC.  Others request copies 
from NACA, Washington, D.C. 

[uestcc 

SECURITY 1NFOHUATION 

kr^^ 
I.   Polhamus, Edward C. 

II.   Campbell, George S. 

«tea tMs cd has •em«' its |•«•••, n • •- 
br d-ilrc-yed la eccafflaace • "• APS 201-1.  Ara>y 
Keg. 5«M at OPNAV laac. 351*1. 

ARMED SERVICES TECHNICAL INFORMATION AGENCY 

DOCUMENT SERVICE CENTER 



UNCLASSIFIED per authority of NACA Research Abstracts No. 70 
dated 21 September 1954.   (14 Oct 54) 



ATI- 72 382 

National Advisory Committee for Aeronautics, 
Langley Aeronautical Lab., Langley Air Force 
Base, Va.   (Report No. NACA RML50A18) 

AERODYNAMIC CHARACTERISTICS OF A WING 
WITH UNSWEPT QUARTER-CHORD LINE, ASPECT 
RATIO 2, TAPER RATIO 0.78, AND NACA 65A004 
AIRFOIL SECTION - TRANSONIC BUMP METHOD 
(RESEARCH MEMORANDUM), by Edward C. 
Polhamus and George S. Campbell.  8 Mar 1950, 
17 pp. CONSTBENXIAL- 

(Not abstracted) 

•aCtniTT EIFCOM4TKK1 

iJi.ECLAS 51 n ticeSräa^iTi^^ 

1L Polhamus, Edward C. 
II.  Campbell, George S. 

7> / DIVISION:  Aerodynamics (2) 
SECTION: Airfoils (6) iff 
DISTRIBUTION:  U.S. Military Organizations" request 

copies from ASTIA-DSC.  Others request copies 
from NACA, Washington, D.C. 

\r 
Üben tOa ccsd tea oared tu pcfpo»«, It aa» 

b« drocn *d fa oec—6mac* ©iA AFB »5-1. Ara? 
Oct). SCO-1 ex OEtUV lost. 551-1. 

AffiJED SERVICES TECHNICAL inWRaATIOM AGERCY 
DOOCEOT SERVICE CUTER 

D.ECLl\SSIF:^  r~C3SC7(©EMT!!A5. 


