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NACA RM L50A18 CONFIDENTTAL

NATIONAL AIVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

AERODYNAMIC CHARACTERISTICS OF A WING WITH
UNSWEPT QUARTER-CHORD LINE, ASPECT RATIO 2, TAPER

RATIO 0.78, AND NACA 65A004 ATRFOIi SECTION

TRANSONIC -BUMP METHOD

By Edward C. Polhemus and George S. Campbell
SUMMARY

The aerodynamic characteristics of a low-aspect-ratio wing have been
investigated in the Langley high-speed T7- by 10-foot tumnnel over a Mach
number range of 0.60 to 1.17 by use of the transonic-bump technique. The
results include 1lift, drag, pitching-moment, and root bending moment for
a wing having an unswept 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-1ift 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 1ift were probably caused by a loss
in leading-edge suction.

INTRODUCTION

A series of wing and wing-fuselage combinations 13 being investigated
in the Langley high-speed T7- by 10-foot tunnel to study the effects of
wing geometry on longitudinal stability characteristics at transonic
gpeeds. By utilizing the transonic-bump technique a Mach number range
of about 0.60 to 1.18 is obtained.
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2 CONFIDENTIAL NACA RM L50A18

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 65A004 airfoil section
parallel to the free stream.

MODEL AND APPARATUS

The semispan wing model of the present tests had an unswepit quurter-
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 4 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 1it, drag, pitching-moment, and root bending
moment were measured with potentiometers.

COEFFICIENTS AND SYMBOLS

Cy, 11ft coefficient (Twice panel 1ift/qS)
Cp drag coefficient (Twice panel drag/qS)
Cn pitching-moment coefficient referred to 0.25c

(Twice panel pitching moment/qSc)

Cp bending-moment coefficient about root chord line
(Root bending moment/qg g)

A drag coefficlent due to 1lift (cD - Cp)

q effective dynamic pressure over span of model (pVe/e)
p alr density

\') free-stream veloclty

S twice wing area of semispan model, 1l1.11 square inches

CONFICENTIAL
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Subscripts:
M

1

mean aerodynamic chord of wing using theoretical tip

b/2 5
(5" =)

local wing chord

spanwise distance from wing root

twice span of model

aspect ratio of wing (bz/S)

distance along airfoil chord, percent chorad
airfoil ordinate, percent chorad

effective thh number over span of model
average chordwise local Mach number
Reynolds mumber of wing based on ¢

angle of attack, degrees

C
lateral center of pressure, percent semispan (}OOEE)

L

at a constant Mach number
local value

at zero 1lift

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 modcl
in the high-velocity flow field generated over the curved surface of a
bump lccated on the tunnel floor. (Sec reference 1.)
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4 CONFILENTIAL NACA REM L50A18

Typical contours of the local Mach number in the region of the mrodel
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

2 b/2
vt [V o
0

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 about 1/16 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 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 leakage (fig. 3). Tests of other bump models showed
that the end-plate tares were practically invariant with angle of attack.
Hence, the tares obtalned 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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NACA RM L50A18 . CONFIDENTIAL 5
RESULTS AND DISCUSSION

The force and moment data are presented in figure 6. The summary
of aerodynsmic characteristics throughout the test Mach number range 1s
shown in figure 7. Unless otherwise noted, the discussion 1is based on
this summary. The slopes through zero 1ift have been averaged over a
1lift-coefficient range of +0.1l.

Lift and Drag Characteristics

The lift-curve slope increased gradually with Mach number from a
value of 0.045 at a Mach number of 0.60 to the value of 0.055 at a Mach
mumber 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 shown (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 §%ﬁ§<%é) glven in reference 3.

The lateral center of pressure was located at 42 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 nurber 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

1ift is approximately twice the theoretical value for full leading-edge
suction (reference 2). In fact, the parameter ACp/C;2 approaches the

theoretical value for zero leading-cdge suction 1 T « The
7.3(&—-5
i b~

expression for zero leading-edge suction results from the fact that with
no leading-cdge 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 1lift.

Pitching-Moment Characteristics

Near zero 1ift coefficient, the aerodynamic center was at the
quarter-chord at a Mach number of 0.60. The aerodynamic center gradually

COXFIDENTIAL




6 CONFIDENTIAL NACA RM L50A18

shifted forward to 20 percent of the mean aerodynamic chord at high

subsonic speeds. Between a Mach number of 0.98 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 1ifts, 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-1lift range were relatively small except for a sudden 9-percent
mean aserodynamic chord rearward movement of the aerodynamic center near a
Mach number of 1.0. '

2. Available theory satisfactorily predicted lift-curve slope and
laterel 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 Aeronsutics
Langley Air Force Base, Va.
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TABLE I
NACA 65A004 AIRFOIL ORDINATES
[Percent chorcﬂ
X Y
0 0
05 0311
'75 0378
1.25 481
2.5 .656
5.0 BTT
7.5 1.062
10 1.216
15 1.463
20 1,649
25 1.790
30 1.894
35 1.962
Lo 149996
45 1.996
50 1.952
55 1.867 ,
60 1.742
€5 1.584
T0 1.400
5 1.193
80 .966
85 .728
90 490
95 .29
100 .009
Leading-edge radius = 0,102
Trailing-edge radius = 0,010
R
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o r2063"“
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0.25 Chord line -———] 1
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N

Bump surface Reference center line

. center line of balonce normal
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_ —_—
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W
0] | 2
All dimensions in inches LLLLL E—
CONFIDENTIAL Scale, inches

Figure l.- Genersl arrangement of model with unswept quarter chord, aspect
ratio 2, taper ratio 0.78, and NACA 65A004 airfoil.
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NACA RM L50A18 CONFIDENTIAL 9

Figure 2.~ Pictorial vievw of wing model and end plate mounted on the bump.
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NACA RM L50A18 CONFIDENTIAL 11

Figure 3.- Pictorial view showing sponge-wiper seal installation on the
model. a = 0°.

CONFIDENTIAL TNNAGA
L-62922




13

*UOT3800T TSpOW JO UOTFSI UF dunq OFUOSUBIF JIIAO BINOJUOD JIQUNT YOBH TBOTIAL -4 oIty

‘U ‘duing uo uoyoIS VILN3QIINOD v} ‘dunq
#l

=]

8 8l 9l

B,

|

z _
| 01—

\
\

|

nO-—II.ll.lll

& & |
ILEe

I

- —20°1

p—=T""%

b1
1
Qe

e

_——

b 16

ga= o

ANV

RETETERVRNE

Jeool
YO O~DD

AVARIN
VLRI

8

AMWAANN P

i

8

_—

TAWAN R -

=
=

Iy +—1]

\

s80UNdIY} JekD|- Liopunog [OUION —— —— ———

e
e

I

T

RIRARAY

NACA RM L50A18

B

-y

1A

| 0l 8 0 8l__ : 9l ¥l
] [ o =TT 4_—
] L
L L
| LT * ] 1
T N e -
- — | QN- I.l.llll.l..
w = =
e e ’ A e
— i c8" g e
| 8" | B
e S w’ 9 L
TIVILN3QIINOD 6.0




. *TTOFIT® 4OOVSO VOYN Pue ‘gl°0 OT3eax Jadsy ‘g o13ux 209dew
pPIoOYD Jajxemb qdamsun YITA TOPOW B JOJ JSQUNU YOBK YITA J9QUME SPTOUAIY 36833 JO UOTABIIBA -°C AIMBTI

W ‘ Jaquinu yoow
. .

i | J
AVIAN3AIINOD

NACA RM L50A18

Y ‘Joquinu spjoukay

\L\

viLN3QI4NOD
JrianNaaNgd




"
-

NACA RM L50A18

o 09°
a1
o 28
v L3
w 08°
9 z6*
o 66"
o L6°
¢ 00'1
@ 20°1
a 901
ZILT
4.1

Ty ‘eroyzeos 17

*TTOJITS #00VC9 VOVM PWe ‘gl0 ofjex
Jadey ‘g oryex 3oades ‘paoyo Jajaenb 3damsun WITA Topom w J0F 8OT3BTIIOVINYD OTWRULPOIIY -°Q JINITJ

AVILNIALINCGD

9° 12 2 0 2-
P11
[ o~
0
e I
= ¥0° O
L | oo 0
£ Ty | 50" 0
< N O m
[¢]
% 0 &
et 0 B
A7 A 0 W
. 0 <
7 \\L‘q@. 0 Q
=74 [ y w)
A 0
3 =
77
4/
)

o 0
a 1L
© 28°
v L8
R 06°
Q 26°
o 66’
o 18°
¢ 00'1
v 201
4 90°1T
v It
4,11

AVILN3QIINOD

Ty “ueronzeos 111

w.

¢-

2t

0

2

AR
AN

N

A A RR R 2 4

-

<

©

o)
-

(el e oo oo No e No el e Mol

8ap ¢ © ‘soeye Jo o13uy




17

NACA RM L50A18

Vi ‘asqumu YyoeN

*TT03ITB 00VG9 VOVN Pue ‘gL*0 ofiex xadey
¢z oraea 3oedse ‘pIoyo Jajaend 3damsun Y3 TM [SPOW B JIOF 807368 1I9708IBYD OTWEUAp

R O & AR e SR
= B N'l
R
T_M VOVN 4 I
0 w
m T /.\.\\\\!\l. O
¥
7t
s
2o 0
| uoyons 37 ==u_.r.l__l/
| ) G t T 1
{ ! [E2%] o e e
m ,w T i 1 ] _ ¢
= =
A P A e
uoydns 37 017 —/ 4
....... |0d1}8109Y |
{ojuawiiadx 3

IVIZNIQIINQD

N[ Tye)

W ‘Isqumu ydew

(Toe)

IVIANIAIINGD

oJew Jo Arewumg -°*) 3IMITJ

] MRSl ¢ e SR A R P
- 0
b 3t
0
v dp
\\\
ke 80°
i
_A\u ob no>
09
Yo .ﬂ.o-
e Q)
ﬁ (7o)
80" R
i
o)

NACA-Langley - 3-8-50 - 300




TVLINZITINOD

0G6T UdTel
BTVOST WH VOVN

Treqdme) ‘g 98x09) pue stmweyrod ‘) prespd Ag

“POULSH

dung-oTUOSURS], ‘UOFRI3E TFOIITY HOOVCO VOVWM pue
‘gL*0 oryey ode] ‘2 opjey 3oadey ‘eur] proy)-IagaEnd
qdemsup Y3Ta BuTM ® JO BOTISTINLOBIBYD OTweuLporay

“¥OVN RHHMMWWHVV
*g a8x0sp ‘TTeqdure)
pue ) prespg ‘smmeyrog
TVIINAIIANOD
TVILNKITINOD TVLINIIIANOD
0G6T UaTel 0G6T UdTel
gTVOST W VOVN gTVOST WY VIVN

TTeqdws) *g 28109) puw snmweyrod ) preapm Ag

*POUISH

dumg-oTuosuel], *uUOT3I3E TIOJITV HOOVG9 VOVN pus
‘gL*0 orgey Jade], ‘g oryey 3oadsy ‘aurT pIoy)-IegTend
jdemsuf Y3TA FuTM B JO SOT3STI30BIVY) OTWRULPOISY

i v

——e e

— N

2713838 - TeuTpn3rSuoy ‘£31TTqe3s
TVLINSITANOD

TT3qdmwe) °S 98108) pue sTueq[od ") PIEAPT Ag

“POUISH

dung-oTUOSUBL], *UO0T3098 TFOIITY HOOVSY VOWN pue
‘gl*0 oryey xade] ‘z opywy goadsy ‘ourT proyd-IagaEnd
qdeasun q3Ta SuiM ® JO SO738TI230BIRY) OTWeuLpolsy

9'e'e’1

sSutM

233Tdmo) - 830933 I qUNN YOBH
TVLINAIIINOD




gTVOGT W VOVN

TYLINITIINOD

*L1o9yy STQETTEA® UZTA uw.nm&aou\ axe 3JTT
03 anp Bmap pue ‘arnseaad Jo I3juad TBIRT ‘odoTs
aAIMO-3JTT JO sanTss Tejuswiiadxy -LT°T 03 0970 WoIJ
Jo aBuel Jagqunu YIBK B JIIAO PIUFB]qO SIaA BITIST
-19308JI8Y> JUaWOW-BUTPUaq-3001 pue ‘quamow-JuTysqid
‘Beap “3JTT " TTOFIT® HOOVGO VOWN Pum ‘gL°0 OT3el
Jadey ‘2 opges jo2dsw ‘sujl pIoyo-Iajrenb jdamsun uw
Fuiawy Buis v Jo poyjsw dumq-ojuosuwi) 3y} £q uopjed
-J389AUT UB JC 83TNSaX ay3 sjulsaxd xaded sTyg

TVLLNAITANOD

*£10sq) STQETTEA® UITA PaTedmod ars 3JTT
02 anp Jexp pue ‘amssaxd Jo Je9quad Teragel ‘adotls
aAMMO-9JTT JO san[eA TejuswpIadxy °LT°T 03 09°0 WOIJ
Jo aBuex Joqunu YO ¥ JIAC PIUTEIQO SIaM 8OT38T
-I2]08J8YD jusmom-Sufpusaq-300I pue ‘quamowm-Furysqid
‘Bexp ‘3JTT ‘TTOFIT® #OOVGO YOWN Pue ‘gl°0 o138
xadeq ‘g or13ex joedss ‘suyrl proys-Iayrenb jdamsun uw
Sutaey Bupa ® Jo poyjsm dimq-ojuosuex] ayj £q uoyjed
-J3483AUT UB JO 83TNsax 3y} sjuasaxd Jaded sTyg

—

108198qQY 398I38QY
TVLINIIIINOD TVLLNATIANOD
TVIINAITINOD

*£109y) STQETTRAR Y3TA paredmod axe 3JTT
03 anp Fesp pus ‘ammssaxd Jo Jajuao TeI}ET ‘=adors
aAImM2-9J¥T JO sanTeA Tejuawpyadxy *LT°T ©3 09°0 WoxJF
Jo afusx Jaqunu YOEH B JSAQ PIUTEBIQO SIaM €2T38T
-J24.98I%D JUIWOW-SUTpUaq-300I pue ‘quamom-Burysqtd
‘Bexp ‘37T *TTOFIT® HOOVGY VOVN pPue ‘gl 0 of3el
Iade} ‘2 or3ex joodse faulT pIoyd-aajaendb jdamsun uw
Sutaey Burm ® Jo poyjem dumq-oruosusiy a1} Aq uorged
=T389AUT U® Jo sjnsax IY3 sjuasard xaded sy

3B I38QY
TVLLNEITINOD

e e S WP - - i




T

[L - WHICH MAY_BE INVOLVED.

KON TR AL AR BOCUMENTS 0FeE

WRIGHT-PATTERSON AIR FORCE BASE-DAYTON.OHIO

© FROM ANY.LMGATION ‘WHICH MAY ENSUE FROM ANY
 INFRINGEMENT ON DOMESTIC OR FOREIGN PATENT RIGHTS



NACA RM L50A13

o 09°
o1
© 28’
vV L8
R 08°
Q 26°
o G8°
o L6*

¢ 00'T
@ 201
4901
VIt
4511

Ty “querongeos

N N

*PapNTou0) ~*g INBTL

AVILNIQIINOD
T-
0 o 09
0 oI
I* o m o 28
o g v L8
g0 %R < 06
0 W 9 26°
&0 m o g8'
0 m o L6
02 6 00T
0 & © 30'T
0 g 4 901
o~ 7T
0 .
0 4.1t
n
AVILNIQIINOD

Ty “ueroggeco 117

41

{ |

o0

<o

i

FlA

i r|f P‘i‘l?

1]

©O 0O 00000000 OO
WA fus1o1800 JU oW -3UTyotd




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. [6- amis e

(Not abstracted)

DIVISION: Aerodynamics-(2) <

SECTION: Airfoils (6) o |

DISTRIBUTION: U.S. Military Organizations request
copies from ASTIA-DSC. Others requegt copies
from NACA, Washington, D.C. ‘

SECURITY INFORMATION

1. Polhamus, Edward C.
II. Campbell, George 8.

When this card has served its purpose, Kk way
be deswroyed i accordsnce with AFR 203-1, Ammy
Reg. 380-3 e« OPNAY last. 551-1.

ARMED SERVICES TECHNICAL INFORMATION AGENCY
DOCUMENT SERVICE CENTER

It




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



AT1-72 382

National Advisory Committee for Aeronautics,

Langley Aeronautleal 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)

CONFIDENTIAL -

EC!BI"I'_Y INFCQMATION
BECLASSIFIELCSSEDENTIA,

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

DIVISION: Aerodynamics (2) . /

SECTION: Alrfoils (6) 7 /

DISTRIBUTION: U.S., Military Organizatlons request
coples from ASTIA-DSC., Others request copies
from NACA, Washington, D.C.

Uben tiis cord koo corved lis perpose, it ooy
be dectroyed in coec=dzoce oith APR 203-1, Aoy
Qeg. 3C0-3 o1 OPLIAY lost 351-L

ARMED SERVICES TECKJICAL INFORMIATION AGERCY
DOCUCENT SERVICE CENTER

D,ECL[\SSIFI‘.'D :’méc}wmnas.




