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By Robert H. Neely
SUMMARY

Tests were made 1in the NACA 19-foot pressure tunnel
_to determine the aerodynamic characteristice of two
tapered wings having NACA 230-peries airfoll sections,
congtant-chord center sections, and straight trailing
edgens. The wing spans, the areas, and the root chords of
the two wings were equal; the span of the center gection
of one wing was equal to the root chord and the gpan of
the other was twice the root chord. Lift, drag, and
pltching-moment cheracteristics of the wings with partiasl-
spen and full-gpan gplit flaps are given for a test
Reynolds number of 4,600,000.

The maximum l1lift coefficlents of the wing with the
square center section were greater, for all arrangements
tegted, than those of the wing with the rectangular center
soction; also, with flaps noutral the drag coefficients
were pmaller for lift coefficlents greater than 0.l. The
aerodynamlc-center positions of the plain wings were found
to be 0.451 of the mean .chord from the leading edge for
the wing with the square centor section and 0.442 of the
mean chord from the leading edge for the wing with the
rectangular center section.

INTRODUCTION

- The nonlinear distribution of area and of section
aerodynamic centers along the span of & wing is of utmost
importance in airplane design because of its influence on
the location of the wing aerodynamic center. Previous
research reported in reference 1l provides data for wings
with eithor a nonlinear distribution of area or & nonlin-
ear digtridution of amerodynamic centers. The present




tests were made at the request of the Bureau of Aeronau-
tics, Navy Department, to provide data on conventional
wings with both variables and were limited to wings with
congtant-chord center gections and sgtraight trailing
edges. The effect of center-gsection span wag determined.

Complete 1ift, dreg, and pitching-moment cheracter-
igtics were determined for each wing through a range of
Reynolds number of 2,500,000 to 4,500,000. The charac-
teristics with partial-span and full-span simple split
flaps were determined. 1In'addition, a study of the stall
characterigtics was made.

MODELS

Wlngs

The mcdels used in these tests were provided by the
Bureau of Aeronautics according to NACA specifications and
are designated wing III and wing VI. The wings are con-
structed of laminated mahogany to NACA 230-geries airfoll
sections and differ only 1ln center-section span and sweep—-
back. (See figs. 1 and 2.) The center gection of wing III
has a span equal to the root chord and that of wing VI has
a span twice the root chord. The spans, root chords, areas,
and aspect ratlos of the two wings are equal., The airfoil
gsoections. used were the NACA 23015 for the center gection
and the NACA 23009 for the comgtruction tip. In the con-
struction of the wlngs, streight-line elements were used
betyeen corresvonding points of the root and the construc-
tion-tip sections in such a manmner that the upper surface
at the maximum ordinate is in a horizontal plane. Wo geo~

.metric twist 1ls present.

The principal characteristics of the two wings are:

Wing III VWing VI
Aspect ratio 7 7
Center-gection span 1.27 s/bv 2.54 s/bv
Root chord 1.27 s/v 1.27 s/v
Tip chord .635 8/1 .442 §/v
Taper ratio (outer pamels only) 2.0 2.86
Sweepback, A , degrees 9.44 ' 15.53

The ratio s/b. which 18 equal to the mean chord of the
wing, is the ratio of the wing area to the wing svan.



Flaps

The flaeps were simple gplit flaps constructed of
thin metal sheot and had a chord 20 percent of the wing
chord. The degired deflectlions were obtained by ingert-
ing triangular wooden blocks between the wing lower sur-
fece and the flap. The spansg of the partilal-~span and
full-gpan flaps were 63 percent and 90 percent of the
over-all wing span, resvectively.

TESTS

The tegts were conducted in tho NACA l1l9-foot pres—
sure tunnel at an absolute prossurc of 35 pounds per
squaro inch with the model mounted on the standard wing
supports. (See fig. 3.)

Couwplote 11ft, drag, and piltching-moment character-
1stics were deteruined for the wings with no flaga; with
tie partial-span flaps at deflectioas of 15°, 30°, 45°,
and 60°; and with the full-gpan flaps at 60°. The tests
were made at test Reynolds numbers of approxiuately
2,800,000, 3,600,000, and 4,600,000,

A study of the stalling characteristics wag made by
observing tke behavior of wool tuftsg attached to the
upper gurface of the wing. Thege tufts were fasgtened to
the surface at the 20-, 30-, 40~, 50-, 80-, 70-, BO=-, and
90~percent-chord points in parallel rows spaced avproxi-
mately 7 inches apart along the span. The progression of
the stall was recorded by sketching the stalled portions
of the wing et varlous angles of attack. The oDservatilons
were made At a Reynolds number of 4,600,000 for the plain
wings and for the wings wilth the prrtimsl~gpan flaps de-
flected 60°.

RESULTS AND DISCUSSION
Coefficients
The datae pregented herein ere glvea 1ln standard non~-
dimenglonal-coafficient form corrected for the effect of

model gupport tares and interference, alr flow misaline-
ment, and for Jet-boundary effects.
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The coefficients and symbols used herein are defined-
follows:

1ift coefficient (L/qs)
drag coofficlent (D/q§)

pltching-moment coefflclent about quarter-chord point
of root section (M/asc)

ro
1ift

drag

pitchling momant

dynamic pressure of undigturbed air streem (1/2 pvE)
wing area (32.14 sg ft)

mernn -wigg chord (§/b = 2.14 £t)
wing svctlon chord

wing span (15 ft)

mass denslty of air
free~stream velocity

flap deflection meagured between lower gurface of wing
and flap '

angle of attack of root chord corrected for Jet-
boundary interference

test Reynolds number beged on mean wing chord (pVEYu)

coafficient of wiscosity

Precisgion

The experimental results as determined from repeat
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testes are believed to be accurate within the following
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Lift end 8talling Characterlgticse

Complete force-test data for a Reynolds number of
4,600,000 are presented in figures 4 And 5. Comparison
of the 1i1ft curves reveals that wing III has a higher
angle of stall than wing VI. for All conditions; and the
raxinum l1ft cooefficlents, consequently, are greater. The
variatiorz of maximum 11ft coefficlents with Reynolds num-
ber is shown in flgure 6. No conslstent varimtlion is in-
dicated by these results, probably because of ths unsteady
manner in which the wings stallod.

The stall dlagrams for the varlous conditions are
sho7n in figures 7 to 10. The progression of the gtall of
wing III with no flaps 1s falrly rapid eslthough not sudden.
With the partial-span flap, tho stall of wing III 1s very
suddon, covering most of the right wing. The stall of
wing VI with flaps off stAarted at both wing tips mnd moved
inward gradually. The gtall of wing VI with flape was
gimilar.

It 1s evident that the maximum 1i1ft coefficlents of
the two wings could be materislly increased, especially
for wing VI, by using washout toward the tips to prevent
errly stalling.

Drag Characteristilcs

A comparison of ths drg coefficlents of the two
¥ings with flaeps off 1s shown in figure ll. Increasing
the span of the center gectlon increaged the drag coeffi-
clents to some extent for 1lift coeffliclents greater than
O.1l¢ The mazimum varlation was =2bout 0.0015.




Pitching~-Homent Characteristics

The effect of the nonlinear distribution of area and
aerodynamic conters on the pitchirg-moment curve is shown
in figure 12. The pitching-moment curves of the two models
tested Are given, together with the moment curve of a wing
wlth no swveepback of the quarter-chord points. For the
wing with no sweepback, it is agsumed that the pitching-
moment coefficients about the quarter~chord point are con-
stant., It is seon that swegpback gives the pitching-moment
curves A consliderable nezative slope, which iadicates a
rearvard movement of the merodynamic centers. The slope
of the-pitching--moment curve for wing III is greater negna-
tively than that for wing VI. This s~me reguit is noted
for the wing wilth partial-span and full-spen flaps.

The positions of the wing Aerodynamic centers, measg-
ured from the leading edge of the root section, were de-
termined both from experimental data and from calculatiang.
A comparison of theso regults s given in the following
table:

Position of merodynamic center
back of leading edge
Wing (8/v)
Exnerimental Calculated
111 0.451 0.460
VI . 442 . 442

The serodynamic—-center positions were computed from
the experimental data by the method outlined in reference
l. An average glope of the pitckhing-moment curve was used.
The calculated aerodynamic~center positions were deter-
mined by the method of reference 2.

The aerodynamic~center position for comparable wings

with no sweepback is apprcximately 0.318 /b from the
leadiags edge.

CONCLUSIONS

Froﬁ the results of the tests reported herein, the
following counclusions are drawsn:




1~-332

7

l. The maximum lift coefficlents of wing III were
greater than those of wing VI for all conditlions teated,

" bessuge of the luter stalling.

2. The effect of increasing the gpan of the center
sootion while keeping the wing span, the root chord, and
the area congtant and the tralling edge strailght 1is to
ghift the aerodynamic center toward the leading edge.

3. The horizontal positions of the aerodynamic cen-
teres as determined by experiment and by calculation from
goction characteristics are in close agreement.

4. Increaging the gpan of the ceanter gection in~
creaged the drag coefficlients for 1ift coefficlents
greater than 0.1. The maximum variation in drag coeffi~
clent was approximately 0.0015.

Langley Memorial Aerconautical Laboratory,
National Advisory Committee for Aeronautics,
Langloy Yield, Va.

REFERENCES

l. Anderson, Raymond ¥.: The Experimental and Calculated
Characteristics of 32 Tapered Wings. BRep. No. 6237,
NACA, 1938. .

2. Jacobs, Fastman X., and Rhode, BR. V.: Airfoll Sectlon
Characteristics as Applied to the Prediction of Air
Forces and Their Distributidn on Wings. Rep. No.
631, NACA, 1938.




1352

A
‘< N . 90b >
=1
_ l< » 53D T g .
S N D A
. .535%
1.278 —+
272
!

Plan view

Froat viaew

Sectlon i-A
Figure 1l.- ¥Wing III.

P

YOTR

=
*3



<« A
«%0b
+53b
________ } ,
1.278
b
]
\"2
c—— 2,5¢8
P <ld j>l
Plan view

s - 0%

VK

Tront view

Saction A-A

Flgure 2.~ Ting VI.

2 *IE



Figure 3.-

Wing

VI mounted in the 19-foot pressure tunnel.

=332

*3tg



Q26 — — T = - Zag
%35 - Z — 4 1T 26
- o \ JZ N / N
2 o B g : :
=~ - : k& -

B e s .

= . g

e o VA i Y &P/ o

& e V\;F LB © 1 £ é‘% / )5/’8' /6

N WAV PIAPY

G- VP EIAS TR (N/ZOAP 4

N ¥ LR ¥ Vidvavana L2

S EAE /1[5y deg PARY L Daw/cra L]

= ; o O  Flnrn wirn : 4 ]

S AT sy L AT AT A “

S 8 / fid o j% Partial-span flap |14 fl/ [Pl . )oar P

Q v 4 . . i

e dninawa’ 80 Fuirsaon i Fidaave °

< . b /1~=sp0n 1100 :

3o (R-3600,000) P L] P P
Z_li’jé 72%& E(r' )i ﬁ‘mlounw‘ -
'.'2 (0] i - ? : '.2

J‘ t [
WO 0408 IE T I6T IR0 P48 A6 L.Z’O‘TAM ENENEN 4J— P 1216~ 20247
Drag coefficient,Cp Pf—o- /T 2 TE T 4 7:;5 -i C—7 Angle af attack,cc deg m
1IChInNg-rorment coefficien L0
Froure 4-Aerodynamic charocter/stics of wxngl?] wiih C.cOc sp/rt f/a/,gj /7=4,600,000. N



RS

&8 28&
Z
Szo =
% 24 24
%ZZ N VVK o J{?A 2 d &
N zo Y .."°>(\ X ° 20
a \
18 FIR AT ’ b ¥l 18
O A A > ; / A A
/1.6 XA o P ( /6
. ﬂe/‘ ol / %ff,/ . // ﬂ;d ’ o\
} \}ﬁ //" 4 i o p, :
Q" N I [ hod] 414 Y~
=, ¥ AR AN VARZVY: WY o 12
g A A ks /il as L s Ar
R 1 0 Flain wir ' AL : 0
A ERY.V PO T ILIPT] PP 0
U s )’/) [ ; 54% Rartial-span fao % f fZ;z 4 4 /’7/ / e 5
S A > &0 # VT P
< q gl 4 1/ v B0 full-span flap ’5/ If(/g[ . WiArEAVi
N o4 7 f 14 ; jﬁé 77 /J F , A
C o+ g/{ 17 g 2
Ol | 6 - &
= ; Z f 2
a7 7Y S s - R ) o R's R R s M s, o . 48 12 /160 24*
Drag coefficient, C D SO T T T =6 —7 Arngle of attack,cc, deg n
Pitching-morment cceff/cxenf Crm P
Frgure S-Aerodynarmic choracteristics of wing I with O20c¢ solit f/apj =4, 600060 3
g



Maximim 1ift coefficient, CLm
ax

2.6 — g
A" &
80, ez T
—m—————— (0 _ Plain wing
2.4 —— 157:
: - -- - - 30{
——en - -—- 45 > Partial-gpan flap
—_—— 50
— --- —60 Full-span flz -1
2.2 e e L
//
-~ I 4
e 7
v L N = Rl e ¢
2.0 5 —] —1 =
/
s 7
/‘L - /
1.8 Zt e
e PE
P
¥
i (a) Wing TII /| (o) Witng VI
3 / - :
Z‘/ V/r
/ /P/
l.4 va
| / |
1 2 3 4 5x10° 1 2 3 i sx10%
Test Reynolds mumber, R ™

AmOOE

Pigure B.- Variation of ¢ wita Reynolds zumber for wings III and VI,
Lnax



15

- C

tapered wing I; plan wing;
= 4,500,300. P 15

L] 2 : ? 90 :
[ T I T T om
4 ’ ! .
. ‘ 2 | I
g} % .
£2550% G 3 I // //// Y
oc=17.2°| C.=1.38
c=22.9] G=1.02
n :
s 7Y // y / .
' B 707 _ N\
Y QB2
ol \Unsfeady flow ) /u Steady i
. - nsteady floy.
cc=l8) Gel23 oc=200 C.= 118 e ey
) /
, .27 s L7 4 // ) -
£\ D 0 NV '
S P LTI T I IR T, :
unsteady flow> P Z’Jns‘readg flow — “
ocal29 ) C.=1.08 01
Cross flow 7.7 f =9/ CL' 1.30;12
;h$ dlregﬁor;n of 17 Is?LeHrgmd' ftently k20
rrows
[ Junstatted ) Someletely
Ay - ., . - ,
PN, /,// oy,
A Y )5 IS
’,”//?’,//’U '/94 000 [ /,’///,’,’/:; 3
. .
=108 C(.=0.92 Figure 7,—Stoll diagrams of RACA 230-series oc=18.1" Q=130

VOVN

L "3ty



=
l / =
Q
100 79 5 2 o 2 % 75 100 s - o >
o T . |
| | ’ e T// ‘,, .
| /{/////////,,,/. I T L ;
%> /// //;//f'//é///;///;/// 1,00, £ g /',.’// y AN
T Ly 3 97 :
=TT T 77177 4 = oy /s :
VAN Y Lzl }t -'//1,//:/7//’ e l. Y/ :
ZUnsteaay flow X . -
cc=17. C.=i86,1.62
< .
";)’,',}‘f \VTTTTTTTT R 2/ //\ / 7
ZUnJ;'éad\j flow Uns*eady fiow
cc=i8.8"1 C =202 )
L 1
T :
f L b2 o v s ~
I s '///:/’//////f;/// ////;/%//’}é ./, 4/./._',/’.‘./,’/l -
TN ) ['//;///;///// /'////////_/’///'//'./'//’_. /’/'/' // s /;/
/ N pemmmm—m e e . ) AN e V2 it AL /’// o’
£ m; "l‘ WA NIAY, G DI -/_/7/’///&_/'/ 77D //
Unsteady fiow I Unstecay Fowd . ;
oc=i57" C.=/.8¢ ¥ N Cross fiow in 77 intervitentiy oc=184,1C =151 .
N tre direction of &f/;///fj&s’rcjfed ’ |
arrows )
&
i b . Compizie’y
—+ nstaied % staled
------------- {———- ——~— e o _ oy - //(m\ N\ R
AN 7 - 1 L LN
iUnsteody flow .—1 Unsteady flew _/Unsfeadg flow
oc=ll4  C=l64 Fiqure 8.~ Siu!! diagrams of en NACA 230 series =
tapered mr-glﬂ";azefh a D2o-thord ®
partol-span” spht flag. &¢ =60,
@®

E= 4,400,000,



G=.28

///3;5
////
Lt
(LI

”
(ALY

o

’7

v,

e
/’{//"///////;//?X
L f el

oc=i81"

C;"/.22

O\

C.=i.30

| Cross fiow in [
*he dirc‘chon of
arrows

]—|
L_i unstoiled

Lynsteady flow

Wind

S antermitently
stolled

Completel
Sialffd J

100 75

L
S
7, :

N
Ve

N,
/ . , 7

xc=16.6" C.=.28 Figure 9.— Stall diegrams of cn NACA 230-series

topered wh
E=4,600,000.

V1. Plainwing;

oc=20.!

C=1.25

6 T

LT
/ g //// 7 2y



! _— | | |
‘.57, ' V. /7
l ,,.",/' ///// //(// 74 ///////’//////
! /,’,/////{////'/ o PN
/f" I‘*//’/}/*{‘F/‘“" _______ fmm e ;{_é}_;/ ////////////////
N S AS T IRy j 7 %
SN IS OB 9 ; iz /7>
!
. [ ]
oc=i{8.0: C=/.74

[ R

T I

<671 Ci= /.97

|
!

1O £ :

f | Cross fiow in

'& the direction
Crrews

(e

L § Unstatied

Ny FRAN

Zijnsteady flow J
=157

Unsfecdtj flow

C.=1.96 Fiaure 10.- Stal! diagrams of on NACA 230 series

tapered wngZ witha
portial-spen split flap:
R=4,500,000,

N 8

wind

2

77 - term fently

of [j_/ﬂ stalled

JCompietely
stalled

Y
577745 ,///\’/’

0.20-Chord
6r= 60°

x=18.5 G=1.7%

0t *3ud



- e e

LR N L TS WY )

.08

.
o
~1
N

[ ‘ /

¥ing III Z
______ ¥ing VI Y

L)
Q
N

o
.
\

N

.03 g
2

.02 - =

-

Orar coefficlent, Cp
o
Y
\|

3.2 =~.l 0 .l o2 o3 -4 D 6 .7 .8 .9 1.0 1.1
Lift coefficient, Cr,

Flgure 11.- Camparison of irag characteristics of wirgs III ani VI; plaia wing; B = 4,60%,000,

YOVK.

IT *#18



"'.3

Lift couefficient, Cg,
2 .4 .6 «8 1.0 1.2 1.4

(el

4 %4t
- 'ﬁ"}:dg_\ -
: | P
. O ) L b —
P H H L@\_._ N 3
o : S /N
" - R P
g A N A
’ \
-g - P
]
L E : - . {)—-ﬂ—_‘" j
-
A
———— Wing III
— ——— )\ Mg VI
- NACA 230-sorisc tavered ving with
no sweopback (referunce 1)
]
(%S
%
Fi;ure 12.-~ Pitcaoing-uoment curves for viags III aad VI; plein wing; R = 4,600,000, B



Ho
s

on;

cted to the need for compliance with security regulati

an be furnished to other parties in your organization.

oE RO (3 _ : AYI(IS 85%
Neely, R. H. DIVISION: Asrodynamics (2) 2UG. AG UMBER
SECTION: Vings and Alirfoils (6)
CROSS REFERENCES: Wings = Asrodynamics (99150); Flaps, |ARR-L332
Ting - Lift ond drag characteristics | REV!
o AUTHOA(S) (37550)

AMER. TITLE i nd-tunnel tests of tvo tapered wings with straight trailing edges and with .

constant—chord csnter sections of diffsrent spans
FOOG'N. TIMLE: .

OQGINATING AGENCY: National Advisory Committee for Aeroneutics, Uashington, D. C.
TRANSLATION:

COUNIRY IENGUAGE l[onc‘u.cm.i DATE rAGEs mus. FEATURES -
U.8. BEng. Dnchss Har'l; hs, drags

ACBTTLCY
Lift, drag, and pitching moment characteristics of ths wings with partial-span and ~
full~-span split flaps aro given, Maximm 1ift coefficisnts of wing with squara center
section wsre greater for all arrangecents testod, than those of the rectangular csnter
soction ving. Increasing ths span of the csnter cection increassd the dreg coefficients
for 1ift coefficients greater than 0.1l.

ROTB: Requesto for coples of this roport must bo addrossed tos N.A.C.A.,
Uanhmgt.on, D. C, . '

1.2, KQ, AR MATEREL COMMAND 32 Vecraacat [npex WHIGHT FIELD, ONIO, USAAF / .
wo-n o

F



