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NATIOTIAL AD 171SORY CObVITTEE FOR AERONAUTICS

TECHNICAL MEN.`OPj-NDUM N0. 1176

TEST REPO-:T ON THREE- AIDTD SIX--COMIDONEPT MEASUREMENTS ON A

SER?ES OF TAPERED WINGS OF SMALL ASPECT RATIO

jartial Report: Triangular Wing)

By Lange/Wacice

The investigations of the reports UIM 1023/1 to 4 on wings of
small aspect ratio are cont:1.nued. The present roport deals with the
results of the three- and six-component measurements and the flow
pictures of the triangular wing series with the aspect ratio
A = 3 to A = 1.

Rolling moment : xe--axis = line of i nte. sect ion of the vertical
plane of synm-etry of the body and the horizontal
plane of the wind tunnel (positive toward flow
direction).

r
Pitching moment: ye-,axis = lateral a::is (along the wing)(positive

leftward seen in flow directioll.
2

Yawing moment:	 ze-axis = normal axis (to wind direct ion) (posit ive
downwash).

Ali moments viei!ed in direction of their positive axes of
rotation are positive for clo a:kwse rotation.

The coefficients of the forces Lnd moment,. s are:

A	 lift (kg)

W	 drag (kg)

Q	 lateral force (kg)

L	 rolling moment (m'rg)

"Prtifbelicht `aber 3- and 6-Komponentenmessungen an
der Zuspitzungsreihe von FlUgoln kleinor Strock ,,;.ng (Toilbericht:
Dreiecl;.fliigel)." Zentrale Dix w ssenscha tlicres Lericht wesen Uber
Luftfahrtforschung des Generalluftzeu meisters (Z'Z), Derlin AdlerUhof,
Unter.suchungen and 1.4itteilungen Nr. 1023/5, Sept. 27, 1943.
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M	 pitching moment (mkg)

N	 yawing moment (mk)

A
ca 	 ---- -	 lift coefficienta	 q x F

W
cw = ---	 drag coefficient

q x F

c q	 —Q 
F	

J_atera? -force coefficient
q

cL = -	 L - b -	 rolling-moment coefficient
gxb'x2

hi
cM = -- -- ---	 pi.tchin,?--moment coefficient

q xFx Lm

cN = — N---	 yawing-moment coefficient
g x F x 2

Angles

a = angle of attack angle between wing-fixed longitudinal axis
and xe•ax--s at rotation about the ye-axis

p - angle of yaw	 angle between wind.-fixe(t long-itudinal axis
and xe- ti._i.s rotation about the zc axi-s

These angles viewed in direction of the positive axes of
rotationz are positive for clockwise rotation_.

Reference quantities;

F	 w-ng area (m2)

b	 wing span (m)

Zm = b	 mean chord (reference chord (m))

a
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n = P .1'	 dynamic pressure (kg/m2)
2

Model dimensions:

i Wing FD	 I	 Wing ED I	 ink; DD I	 Wing CD
!
JA	 3 IA=2 rl =	 - I	 =1

' F = o .75 m2 r = C .75 rr2 _ = 0 75

M - - -- I F - 
0 .75  m2	

i

b =1.500m j b =1.225m	 ±b =1m b-=o. 866 m

^Zm= 
b 

= 0.5 m ^ 	 U1 =•b = 0.6125 m^ Z .^ -	 = 0 .'75 m j Z m - F = 0. 8,66 m	
f

MST=

The results are consolidated in table A of this report, from
which the curves and tables relatin;? to the different wings can be
taken.

In ;eneral, it was found that on the wings with aspect
ratio A = 3 the flow conaitions are radically different from those
on wings of great aspect ratio. According to the measurements the
lower 14 r_it lies at aspect ratio A = 3, which undovbtcdly still belongs
to the wings for which Frand.tl's air foil theory is applicable.

(a) Three -c m^onent mea.-prements . - The results are represented
in the charts 1, 7, 13, and 119 as ca = f (a), ca = f (cw) .
and ca = f(cM). The effectiveness c Q ' decreases, as expected, with

decreasing aspect ratio and increasing sweepuac':. For the wings

with li = 4 and A = 1, c a ' starts to increase from ca = 0.4 on.
J

This is due to the fact that in the rear part of the wind; toward the
tips a strong lateral flow is developed (see flow photographs)
which results in lift-increasing low pressures.

The neutral point for all tirngs lies bofore the selected moment
reference point, which lies 3/ !qm ahead of the trailing edge . While

dcM
for wing FD. A=- 3 the	 is constaait over the entire ca range,

ac,
e.

the wings !`` 2 exhibit a marked backward displacement of the neutral
point. The ca -value at which this backward shift begins, decreases
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with decreasing as pect ratio and increasing sweepback. The cause of
thu stabilization is likewise attributable to thu cited lateral flow
at tho rear part of the wing. Thu ca 	increases with decreasing

max
aspect ratio and increasing sweepback, with ac^x being almost

constant. The wing FD .iii = 3 falls, cutsidn tri p clapsificatior_.

Lb) . Sixxcomnonen-t ,.me.asurement^. - Lift, drag, and pitching mcment
referred to yawed flow, vary very little. Only at great angles of
attack a slight decroasc is to be noted. The noutra.l point travels
slightly backward. For lataral force, rolling and yawing moment
with respect to aspect ratio and sweepback, no particular systemi-
zation texas to be found. A substantial effect on the .lateral force
and the rolling mcmont is certainly exerted by the provicusly
mentioned lift-increasing lateral flew. Tho yawing; moment is largely
dependent upon the body drag of the wing leading edge end increasec
considerably with the sweepback.

FURTEER REPORTS OF THE SERIES

\	 UN lNo .
Trapezoidal wind ^^ _ ^) 	 1023/1

Trapezoidal wing with fuselage 1023/2
Elliptical wing 16 = 2 + 1	 10231/3
Elliptical wing with fuselage 1023/4
Triangular wing with fuselage 10236

The entire test data with regards to the theory of a wing with
snail aspect ratio is being readied bj Voepcl.

Translated by J. Vc.nier
National Advisory Committee
for Aeronautics



NACA TM No. 1176

	

	
5

TARLE A

SURVEY OF `1M THREE5  - IM SIX -COATONENT NZASURE ITTS

ON THE SEP,Z S 0-0 U Ph-TaD -v, IYG (TRIANGULAR WING)

Symbol E- -- _	 Ang3'.e __]Chart of
ao	 , (3° curves Table

I Three-component i Variable 0 1 1
t measurement	 I

FD	 I Six-component 0.39 Variable 2 2
A = 3	 <^ measurei lent

Do---- 6.63 ---do--- 3 2
Do----	 ( 13-56 	! -- -do--- 4 3
Do----- 23.51 ----do--- 5 3
Do----	 I 25 .89 ---do--- 6 4

Three -component Variable 0 I	 7 I	 5
I measurement I I i

ED	 1 Six-component 0.40	 1 Variable	 i 8 6
A = 2 <I measurement	 (

I	 Do 8.63	 I
_-

-do ___ 9 6

Dc----

I

,	 16.86 ---do---- I	 10 7
Do---- `	 24.o6 ----do---- (	 11 7

1	 Do----- 35 55 ---do--- 1	 12 8

rThree-component i Variable I	 0 13 9
measurementi

DD	 Six-component^! 0 Variable 14 !	 20
i	 __	 measurement

3	 Do---- 10.6; -do---I 15 10

Do---- 19.c^

_-

--do --- 15 11

Do---- I	 29.&j !	 -do--- 17 11
1 -	 Do---- 36.76

_
I	 --3o--- 18 I	 12

Three-ccmponent Variable 0
I

19 i	 13

`measurement

CD	 I Six -component 0 I Variable 20 14
A = 1	 measurement (

Do---- 13.03 ---do--- 21 I	 14
Do --- - 22 .;£5 ---do--- 22 15

Do---- 31 .67 ---do--- 23 i	 15
L	 Do---- `	 34.89f I---do--- 24 16



25

26

2.7

28

symbol
0	 0

Chart of j

curves I Table

I
Comparative curves of the four wings

ca = f (a); ca = f (cw ) Variable 0	 j
I

ca = f ( cl4 ) Variable ^	 0

ci end. cq = f	 (^3 J i	 aca = 0.3 Variable

C
L

and cq - f	 (p)
I

aca = 0.9 Variable	 I

6
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TABLE A - Concluded

SURVEY OF 'ME THEE- AND SIX-COMPOM NT I^T =, IYIENTS ON TEE

SERIES OF TAPERED WINS (TRIANGM-AR WING) - Concluded

1.
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FDA = 3

Figure 3. - Suspension of the wing in wind tunnel.

Figure 4. Suspension of the wing in wind tunnel.
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Figure 5.- DDA = 4/3.

Circular rod for arrangement 	 Figure 6. - CDA = 1.
of the frontal suspension points.
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Flow photographs on the triangular wing - DD,A = 4/3 of the taper
series.

a=0°	 0c =5°	 0C=7°

a=9°	 0^^ 10°	 a=11°

or = 12°
	 oa= 130	 a = 1^t°
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Flow photographs on the triangular wing - DD,A = 4/3 of the taper
series.

cX=15°	 a=16°	 a=18°

a = 20°
	

a - 25°
	

a= 30°

a = 350 	 a = ito0
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Flow photographs on the triangular wing - CD,A = 1 of the taper series.

a -0°
	

a=5
	

OC=7°

a = 9°
	

OC = 10°
	

a=11°

a= 12°	 a = 13°	 of =1*0
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Flow photographs on the triangular wing - CD,A = 1 of the taper series.

0( = >5 °
	

ac ; 16 °
	 asi80

a = 20°
	 a=25°	 OC = 30 °

of = 35 0
	

OC = y0°
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T.T̂ ', 'fit+,' -COI TOTEINT 1 E'ASTMEIIMETTTS OF A SER=+ S OF TAPERED WUTGS

(TriangLilar Wing)
TAI BIX TTO. 1 TO CHART 1

I'D 1! = 3

o	 if
C^

i	 C47 +	

C

-5.65 -0.2830 0-0195 '	 -o .0285

.02	 j -.0152 .0068 ,	 .0002

'	 5.69	 I .2561 .0157 i	 .0311

11.37	 ! .5115 .0534 i	 .o647
I

17.11 .72;'5 I

I	
.1529 i	 .0980

22.92	 I .8843 1	 .3200 .1102
i

25.82 .9152 .4o8:1
I
i	 .106+	 j

`	 28.92
f	 I

.8830 4	 .4689 .0881
i

32.02 .8042 ;	 .4921 ',	 .0730

35 . 07 •7587 •5090 j	 .0733	 1

41.20 .6525 !	 .5246
I
'	 .0391

.02 -.0156 .Oo68 .000



-c

CQ
x

x

o CQ f ^a
x Ca f (^N
o Ca f (cM

--_- -- - -- - —
—_

_
x

--

10 1.0 20 30 aC °	 ^{0

125 0.25 0.5 0,^5 CW 1,0

1

-

0.1 0.2 0,3 Cry	 0, ^

-05

C^

0

Chart 1.- 3-component measurement of a series of
Table 1. - tapered wings - triangular wings.

c.^
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SlY -CCMPOPTFT7T PTA SURLN^NTS OF A SERIFS  OF TAPERED WINGS

(Triangular Wing)

TABLE NO. 2 TO CHARTS 2,3

FD1, =3c
CL = 0.39

--- -ao '- --- 
o
a

-c --;-- -- 
c
w - 

c
L

1

-^- - rz^	 - I --
I

---c

N 	
1

-4 0.008 -0.0033 0.0073 0.0012 1	 0.0028 0.0012
-2 007 ;	 -.0027 .0068 ooM !	 oo-)i	 ! 0004	 !
o .007 -.0013 1	 .001-, I7

I	
.0006 '	 .0027 0	 I

i	
2 .OGB 0 0068 0012 .0024	 I -.0010

.008	 1 .0013- .0071 I	 .0013 .0024	 i - .001 3
1	 6 .007 .0027 .O0'73 .0007 I	 .0027 -.0014

to	 I .007 .004o I	 .0083 0007 !	 .007 -.0018
j	 15	 I .006 .co6c I	 .o095 0009 !	 .0004	 I-.0018 i
I	 20 .00'0 .0080 '	 .0109 I	 .0009 .0024 -0018,

 I

a. = 6.630

 c g 1	 W	 C L 1	 01 M i

-4 I o . 304 ;	 -0. 00027 1 0 .0200 ;-o .0054 1 0.0373 0.0027
-2 !	 304 0013 I	 .0198 ';	 -.0050 1	 .0376 .0010
0 305 0 0198 -.0006 !	 0369 .0001
2 I	 •305 I	 0013 ;	 0201 ;	 .0037 !	 .0369 1	 -.00l5
4 I	 .304 'I	 .0027 .0201 i	 .0076 1	 .0363 I'	 -.0023
6 I	 302 (	 .0027 .02.03 .0125 I	 0362

1	
- .0031

10 i	 .294 .0033 .0206
i

^	 0207 .0358 I	 -.0050
15 I	 .281 .0046 0213 I	 0300 .035?_ -.0069
20 264

i
0060 021.8

I
.0394 .0331 i	 -.0080
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^,	 Cg

CM 
CW	

^L

CN

o Ca
o ^9	 o.r	 o,5 005
o c,y
X Cw

CYV

1 71

10	 10	 20 0

D -1 = 3
a=0.39 0

Chart 2.- 6-component measurement of a series of
Table 2. - tapered wings - triangular wings.
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CQ	 cg
^w	

N

0.2	 1.0 0,1 Q

o Cq
® Cq	 0 1	 0.5 a 05

x Cw

o CM
^N
C^

ro	 —020

FD -A 3
0

Chart 3.- 6-component measurement of a series of
Table 2.- tapered wings - triangular wings.
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SIX-CONU-IONENIT lvlEASLMMENTS OF A SERIES OF TAPERED WINGS,

(Triap3ular Wing)

T13LL NO . 3 TO CHARTS 4 1 5

F,.D A = 3:

a = 13.56

00
ca c

q
c
w

0
L

cm c
N

-4 0	 06 1201	 O.00 0.0716 -o.ol56 0.0794 0.0042
2 .611 .0020 .0 -1723 _.OiO0 -079T - 0013
0 611- i	 .0020 j	 . 07 34 -.0037 .0796 oo16
2 .611 .0020 .0739 .0031 .0796 -.0o43
4 610 . 001  .0737 .0091 .0795 _M68
6 - 603 .0727 o16 1. .0793 -.0095

10 .5QO .0)013 .0706 .02eO .0778 0150
15 . 56o .0040 . 0687 o4li _3 .0743 -.0198
20 12- 5 3 -.00 67 . 07 00 .0598 .0687

00
c a eq c 

w
c L C 

m
c 
N

-4	 i 0 , 897 i	 0.0020 0.1290 0.0062 0.1118 1 -0.001 .2
- 8c)g . 0020 - 3331 0 1117 .000"0

0 . 903 .0013 .3361 .0031	 i .1116 .0016
I9011 0013 a	 . 33 11-7 0087	 i . 1112 0043

4 896 .0013 -3324 0125 .1082 1	 .0063
8^1 0013 320 .01bg .1074 .0074

10	 i	 . 879 .0073	 i .3126 -.0226 i
-209 C

I	

.0060
15	 I	 .836 ., 0133	 i .28733 - o,-_,64 0851. - . 0042
20	 .765 .0113 .2637 -.0096 .0767 0081
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Chart 4.-  6-component measurement of a series of
Table 3. - tapered wings - triangular wings.
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Chart 5.- 6-component measurement of a series of
Table 3. - tapered.wings - triangular wings.
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S'I-X-COKPOIT-NT INMASUMUENTS OF A SERIES OF TAPERED WIITC,0

(Trianoulf-,.r Wing)

T11LE, No. 4 To CHART 6

FD A 3
a = 25.89

a I c m N

0.917 -0 .000,  0,38% 0.00193 -	 . . ---- -10 1089to
1	 -7

.00741

1915 -.00-1-3 .3925 0031 .1091 I	 -.00351

0 .9'! 6 -.0 0l :) 3936 .0025 1094 .00191

2 .9'7 0 3 29 1 011.2 i	 -1087 0065,

4 919 0	 j 3865 O-1.J J0519 .01171

i 6 . 910 00210	 f .3833 -.0194 11 	 1o43 ol561

1	 10 .910 i m47 .37()5 .0313 1	 .0958 .01989

15 ev -- 30 15 -3401 0376 1	 .0766 olo 3

20 .796 -.0033 -3100 -.0238 .0715 0014
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Chart 6.- 6-component measurement of a series of
Table 4.- tapered wings - triangular wings.
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TEREE-CO!VONEN.-T NEAS'UPDMFNTS OF A ESERIES OF TfTERED WING

(Triangular Wlns.,)

TABLE WO. 5 TO CHART 7

ED	 2

ao a c w C m

-0 . 2 375 0-01(99 0.0177	 i

0 -.01P0 .0067 0007

5-76 .1961	 i o?-41 0180

11.50 .4o62 0423 o356

17.23 .61yo loP4 o463

22.97 .8321, .2264 .0467
I

8. 72 1 -03 610	 i .4146 0506

34-58	j 1. i5co .6105 .0-27

37-56	 1 1. 16Fo .'T222 1	 A64

W-57 1.1540 8e67 j	 c680 

+3.87i qi4o 8238 o643

0 .0120 i m68 .0005

4- 1 - `5 9 1.136o
I

42.67 3 .0-80



Q

x
x

x

V 
Oe	 OZ

o Ca f (cx °^
x Ca f (Cps/)

10,5 ^a f (CM)

Oor

	

- 70	 10	 20	 30	 10	 a °

	

-025	 0.25	 D,S	 0.75	 1.0	 CW

0.1	 0,2	 03	 0	 ^M

-05

Chart 7.- 3-component measurement of a series of
Table 5. - tapered wings - triangular wings.

y

O

F—+

J
O^

W
Cn
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SIX-CONLF`OMDTT laASUIRFMENTS OF A ,`ER77S OF TP-PERED PIING

(Triang,?la.r Wing)

TABLE NO. 6 TO CHARTS 81 9

ED !1 = 2

Do

i	 ca	 (	 cq	 cw	 cT	
c 	 cN

	

-4 1-0.002	 -0.0033	 0.0067	 1 0.0023	 -0.0001J^ 0.0001 '

	

-2	 -.002	 -.0027	 006?	 I	 .0023	 0004	 .0007
	0 I -.002	 - .0001'	 1 .005P	 .0023	 0004 I	 .0001

	

2 + -.003	 000(	 C06-,	 ,	 .0024	 .0005	 -.0002

	

4	 - .002	 .0020	 .0067	 !	 0024	 .0004	 --.0002

	

6	 .003	 i	 .00 0- 7	 .0067	 I	 .0024	 .0005	 1	 .0001. 1

	

10	 -.004	 .0047	 .0087	 .0025	 .0008	 o014

	

15	 -.007	 .0073	 .0099	 (	 .0026	 .0020	 .0031'
I

	

20	 -.00 15 + .00 87 	.0112	 0015	 0012	 .00 44

ED A - = 2

c, = 8.630

0 ca

-4 0.304
2 .303
0	 I .305
2 .303
4 .303

6

1
.302

10	 i .202
15	 j .2^2
20	 I .268

c cjJ c  cN_

-0.0027 X 0.0256 j-0.0114 0.02 0 0.00181

-.0020 .0254 I	 -.0052 o268 .0015

- . 001-3 j .02 ;4 i	 00;.9 .0264 i	 - . oco4
-.0007 1	 .0253 0084 .0263 -.0016

.0007 !	 .0254 !	 0145 .0265 -.0032

.001? .0254 1	 .0217	 I .0261 I -.0034

0027
I	 0268 +	 c346 0266 .0051

.0033 0269 I	 o48O	 ; .o244 004,
0033 !	 .0278 '	 0585 021:5 0034_
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Chart 8.- 6-component measurement of a series of
Table 6. - tapered wings - triangular wings.
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U.J l.J U, I 3

Ca c9C

M LCw

CIN

02-1.0-. 0.10

0
c Cq 01— ,5 o.os
X Cw

° C/'1
CN

yo
a

3

Chart 9.- 6-component measurement of a series of
Table 6.- tapered wings - triangular wings.



40	 NACA TM N:). 1176

SIX-COI20NENT MEASURFMTTS OF A FRERTES OF TAPERED WIITG

(Triangular WLng')

TABLE NO. 'T TO CHART 10, 11

ED A = 2

a, = 16. P6°

00

-4

Ca	 c 
q

c 
w

c 
I,

c 
m

0.046()

c 
IT

0.601	 -0.00650 0.1021 -0.01 77 0.0122
-2 -605	 i	 -.0053 . 1029 0087 . 0462 0068
0 .6o6

1	 - - 
0033 ..1020 .0001) 0468 .0013

2 .607	 .0040 1011 J	 .0099 o461 -.0030
.6o li	 -.0053 I	 .0982 1	 .018c,.1 .0457 -.0067

6 1^9	 j	 0..,	 9 10 32 .02 61 -0443 .0137	 ,
10 0027 1046 .0397 Oli44 -.0179
15 .561	 -.0093 1051 0601 o437 -.0205
20 .5311 006 .08o0 .0422 -.0209

a = 24.960

0

0

Ca

0. 907

i	
c 
q

C.
w cL J_

-0-0037 i 0.046c,,

CN

-0.0020	 0.2850 0.0021
-) " .896 -- -0187	 .2850 -.or)62 . 0467
-2 .898 -.0167	 I	 2823 0046 1 .0468 .0108
0 .907 -.0027	 .2860 -.0028 .0468 .0019
2 . 1902 j	 . 0 107	 .2,930 -.0020 o459 -.0072
4 .898 1	 .03-6'T	 .28-, 0 -.0006 .0451 -.oli6
6 .892 .0207	 .21,90 1	 - .0007 o442 -.0152

-0 .860 o14,7	 .2913 . 0107 0451 -.0191
I15 . 804 .0033	 .2826

. 
0259 1	 o4 Q 2 -.0216

PO .7h-2 .280-.ol47	 7 .0430 .0452	 1 -.3024)
0 .907 1	 - - 0 027	 .2853 .002S i

.0015
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Chart 10.- 6-component measurement of a series of
Table 7. - tapered wings - triangular wings.
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Chart 11.- 6-component measurement of a series of
Table 7. - tapered wings - triangular wings.
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SIX-COMPONENT MEASUREIENTS OF A SERIES OF TAPERED WING

(Triangular Wing)

TABLE NO. 8 TO CHART 12

ED A = 2

a = 35.550

0

-4

c 
a

1.161

c

-0.0027
m

j o.o46o
N

molo0.0107	 o.6483

-2 1.159 0200	 I	 .6251 0106 o414 .0087

0 1.1 65 0133	 645^i .0059 0511 1	 0059

2 1.192 0	 j	 .6648 -.0002 o442 .0052

4 1. 1^o .0020	 .6698 -001,8 o549 .0082

b 1.161 .0027 	 .66 18 0- 038 0549 0115

10 1.121 0060	 .6438 j	 0051 o541 .0133
15 1.0-8 -.0-i-4o	 i	 .6084 . 0.x;8 o437 .0105

20 . 985 -.0427	 '1	 •.5791 -o415 04 
-
2 3 .0074

J
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Chart 12.- 6-component measurement of a series of
Table 8.- tapered wings - triangular wings.
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TREE-COMPONENT MFAS61MEIIENTS OF A SERIES OF TATERED WING

(Triangular Wing)

TABLE 110. 9 TO CHART 13

DD A = 4
3

0
c —a— c M-

52 0.0121 -0.0101

0 .002 .0052 0

5- 80 -156 -0135 .0,089

11.59 I	 .325 .0398 o1l-50

-7-35 9113	 i .1030 0046

2 3.10 -711 .2243 _.0152

2 8. 89 .884	 f -36<o	 I -.0208

J.3 1 . 8' .945 .4480 -.D]-b9

34.76 I	 984	 I .5350 -.0239

37. 72 7...015 6253	 1 -.02,7

3 8 .70 1.0  3 5	 I .66j.-1 0241

39-70 1.033 .6862	 f -.0200

W-71 1.025 .7108 - -01.40



C^

y

0
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CQ

x

x

0 ca f (00
X Ca f ((w)

_ 4	 o C (t f (C,y

DDS-

- 10	 10	 20	 3 0	 4 0 	 p^

-0. 25 	 0.25	 05'	 0.75	 1.0	 Cw

- 0.1	 05	 0.1	 0.2	 0.3	 0.9	 /y

Chart 13.- 3-component measurement of a series of
Table 9. - tapered wings - triangular wings.
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SIX-COITONERTT MEASURFMENTS OF A SERIES OF TAPERED WINu

(Triangular Winn.;)

TAELE NO. 10 TO CHARTS 14, 15

DD	 A	 = ^-..

r,=00

R ca '!	 c -^	 c c. c c
L M - - - N -

-+ 0.0063 ! -0.0013 ÎI	 0,0049 -0.0001 0.001 0045
i	 -2	 { 0068 -.0010 I	 .004 3	 ( 0 l	 .0019 -0.002`--	 ^.

o	 f 0045 o '	 00,43 o I	 .0011	 i- .0003
.0037 .0013 oo 	 L: 6 0009 .0011.	 , o

4 0052 0013 .0o48 Oooi oo14 i .0043
6 oo44 j	 .0023 .0055 .006-7 .0013 oo66

1

0 .0052 OC40 .0059 .0067 i	 .0019	 j .0118
I5	 I oo56 .007 j	 0081 oo69 .0022 .0197

20
^c 5̂
^ Oy50 ;	 0119 0061 ^	 .0016 .0309	 1
^-^.__

a = 10 , 630
o

c Ic`
i	 q

cW c
L	 ;

c
M c

N	 i

--4 0.3oe 9 !	 0.0007 0.0 143 --0,0167 0.0131 -0.0020

!	 .9
- .Colo .0324 ' -.0089 .01-49 -.0011	 j

0 296 9 -.0020
!

,0334 -.0008 ol4o j	 .0003
2 {	 .3002 I	 -.0020 .0-3 .0090 01.38 .0021
4 .3010 - .0013	 j 034:; 4	 oe.r6 II	 .0130 0019
6 ,2978 '.,	 - .00l7	 '; 0350 .0260 0114 .001!2

10 .2970 -.0020 .0360 ,0397 1	 . 03 
-0
1 0096

i5 ,284 -9 i	 0025 -^^377 j	 060; Oo85 I	 .0156	 {
20 .2646 J	 .0097 .0390 (	 .072i {	 .0045 .0252	 1



CL
o Ca C'M Ca I	 c 
x 

CW	 eW
o CM	

C9

° ^g	 o

CL-

10	 /3 °	 20

DDA
Qa

Chart 14.- 6-component measurement of a series of
Table 10. - tapered wings - triangular wings.

z0



Page intentionally left blank 



r

NACA TM No. 1170'	 51

Chart 15.- 6-component measurement of a series of
Table 10.- tapered wings - triangular wings.
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SIX-COMPI ONENT MEASTJXPCNTS OF A SERIES OF TAPERED WING

(Triangular ding)

TABLE NO. 11 TO CHARTS 16, 17

DD A =
3

= 19.86°

R i	 ca _cq _c cL_ I	 cMI - cN

-4 0.59;T6 0.0107
W_

0.11; 52 - 0.0260002 I -0.001+
n-L .5982 .0030 .0145 -.0026 -.0005
0 I	 .6008 -.0073 1-463 r	 .0018 -.0020 .0050

5967 -.0_^3 .1443 .0149 -.0003 j	 0060
. 58_ ,o

I
oL o ii	 .1421 .02.70 .0019

^	
.0065

6 .598o -.02910 1455I	 . .0	 1:6 !	 --.0002 0091	 I
1c	 1 .5810 -.oj6o j	 14 o664 j	 000l .0126

15 	 ' 5535 -. 0 355 i	 1337 09/5 .0009 .011.5
20 .5159 -.0243 j	 .1333. I	 17.67 -.0011 .0107	 j

cr-291^io

R	 I ca c	 c
9	 w

c
L

cM cN

-4 0.9020 
-I

0.00 P-0	 0 .3908 -0.01.10 1 -0.0189 0.0032
-2 .9003 i	 -.0017	 !	 •3928 i	 •0030 j	 -.o186 0004
0 .9080 !	 -.00,97	 .3988 I	 .0165 -.01.64 -.0037
2 .9002 I	 -.0120	 I	 .3979 i	 .0228 -.0174 -.0091
4 I	 .9c5 i+ - .010 1 	!	 .3927 .0199 i	 -.0152 -.0134
0 i	 go 4c? ±	 -.0137	 .3883 .0178 -.0152 - .o16;

10 1	 8870 i	 - .0667	 ,	 3713 .0742 !	 - .0137 - .0072
15
20

8350
.7763

I	 -.0942	 3453
i	 - .1023	 .3178

.12'71
1596

!	 -.0065
I	 - .00 1; 8

-.00go
-.0102
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Chart 16.- 6-component measurement of a series of
Table 11. - tapered wings - triangular wings.
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c'M cQ C^
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CN DD J 1. =

0 3 IS 0.1-5 a=2989

0,2 1,0 010

o Ca

° Cg
x CW

Cry 0.1 05-0.05

¢ CN
• CL-

TT I

10 13020

- 0. 1

I.-

- 05 -005

I	 I I I 1 1- 1 T7
Chart 17.- 6-component measurement of a series of
Table 11. - tapered wings - triangular wings.
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SIX-COMPONENT MEA`TI:TNIENI'S OF A SERIES OF TA?ERED WING

(Triane la .a.r Wing)

TABLE N'0. 12 TO CHART 18

DD A _=
3

c = 36.760

^o

I	 -!EI

a

1.007 0.0027

cw

0.5893

CTJ -- I

0.0034
T

cM

-0.025 !+

-J^ --^

0.0052 1

I-2 1.024 0010 .5956 0010 -.0273 .0031
Il̂ 	 o
I

1.025 i	 -.0007 .5966 -.0054 -.0297 .0024

c^. -L .022 - .0007 .5920 - . 0099 I	 - .027'j 00_6

4

!

-1.006 -.0020

^

.5899 - .0141 -.026_s 1	 .0031

6 .0077 i	 59.6 I	
- .00!+2

i
- .0272 I	 0016

l0 978 -.0280 ;	 58;3 .0067 -.0193 -.0060
1

15 +	 .915 1	 -.0608 .5513 I	 .0359 - .0111 - .0066

20 830 -.0936 .5045 I	 .0847 -.0008 ! -.0058
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Chart 18.- 6-component measurement of a series of
Table 12. - tapered wings - triangular wings.
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THREE -COIC, ONE NT MEASUIREME DJTS OF .4 SERTIS OF TAPEREA D WIN CT

(Triangular

TABLE NO. 13 TO CHART 19

CD A	 = 1

ao c cw cm

-5.84 -0. 1258 0.0114 0.00!+7

0	 I -.0002 m64	 I -.co6c

5,P4 .1255 I	 011.5 m67

11.68 .2 .0364 .0029

1-7. 48	 i 4136 .0964

23.21	
I .6272 2077 o443

28.906 	j .8230 .3635 -.07-6
^	 I

31. 86 9o4o
'	

.4553 --0823

32 . Pi p .91-93 .4826 --- 087'

33. 83	 I •9273 1	 .5016 -.0798

34 - 83 9288 . 5195 - . 0793

35. Pl .94o8 .5482 -.0722

36.81 944o I	 .569 r- o669

37. 8P • x!392 0627

38 - 81	 I .9418 6110 -.062?

39. 80	 I 9520 1	 63 85 -.o6?4
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I
I
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^
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0

1
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Chart 19.- 3-component measurement of a series of
Table 13. - tapered wings - triangular wings.
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SIX-COI ,91ONTENT NMASUPEEN S Or A SERIES OF TAPE.;PED WING

(Tria%-ulcer 7;1in^)

TP3 LE NO. 1.4 TO CHANTS 20, 21

CD !1 := 1

a.=0°

-4

°a

0.0012

°q I	 ow f	 °I,

1	 -0.0011±

°NZ

0.0016

cN

-0.0094-0.0012 0.0053
-2 .003Q-.0002 .00-,8 0 1	 .0020 -.0040
0 I	 .0021 n .00 =,8 t	 o .0022 .0003	 I
2 .0008 . 00 13 .0060 0 .0021 oo 49
4 -.0006 .0022 .0070 -.0011' .0021 .0101
6 .0048 .004o 0076 f	 0021 .0026 .0173

10	 I 0021 .0085 .0088 1	 .00lll 0022 .0316
i	 15 I	 .0017 I	 .0187 i	 . 0 130 .0o11 I1̀ .0027 .o481
20 .0036 1	 .0367 .0203 !	 .0013_, .0022 !	 .0875

13.03o

R°	 Ca cq ___ .,w 1	
°L cm °N

{	 4	 o. 3o64 0.0055 0.0,04 -0 .03.82 -0.0004 0168m168
-2	 .3010 I	 .0002 0467 - . oo62 {	 .003.7 1 - -.0056 
0	 .2986 --.0027 .0467 .001.2 m)6 {	 .0013
2	 .3010 -.0057 0490 .01,10 0004 {	 .009
4	 .3026 -.0072 .0510 .0237 .0001. .03.75
6	 .2987 {	 -.0053 I	 .0501 j	 .0341 -.0004 .0234

to	 i	 2go6 i	 0015 0506 .0539 -.0027 .0379
15	 .2735 1	 0160 !I	 0589 O'752_ .CO'j7 I	 .06!+4
20	 12506 ,+ 0286 -;o440	 { .10 +7

= 
.0143 .089L
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Chart 20.- 6-component measurement of a series of
Table 14.- tapered wings - triangular wings.
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Chart 21.- 6-component measurement of a series of
Table 14. - tapered wings - triangular wings.
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SIX-COMT-.O -KENT MEASIMrMiMS OF A SERIES OF TAIPERED WDIT,

(Triangular IvTing)

TAILE KO. 15 TO CHARTS 22, 23

CD A = 1

a = 22.380

o 1 Ca

-

L
cm c

0.592 0.0042 o .18+6 -0.021.5 0 .0368 -0.0118
i	 -2 .6o4 f	 .0011-2 19,0 3 oio4 .0307 -.0073

0 1	 .5c)5 -.0027 00 5 0370 -.0011
2 1	 .591

- -0
037 .1654 0179 .0369 oo42

4 .589 - .0398 1.P67	 j -0505 .0300 oi62
6 I	 578 0 93 •1797 -0701- .01-)1?8 -03o4

'

0 -.0352 loC8 70 2-',, 5 o46o
15 .521 .0300 . 1615 .144o `4.0284- o655
2 0 .481 1 - 5599 .17 r -,01 .0305 .0829

"7

m N

0.976 0.0082 i	 o . ) '. 3 85 1 -0.0291 1 0.0907 --0.00'- 3
-2 .880 .005-) .4399 - 0072 .0 887 -.00611.
0 i	 .890 -0073 .4436 -0138 0935 -.0020
2 .89,5 .0050 .4485 .0242 -iO31 .0055
4 .8101 -.0405 . 4455	 I .0652 0981 .00 -'4
6 .876 0666 .4-368	 f .1050 01-27 .007810 0e98 I	 .3()21,z 1`36 1 o6,1,4 .034615 . -^4611 , .12-	 34 -35il -9168 j - 0 572 .0524

20 -700 -.1387 .3314 .2512 0-)'To o61.9
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Chart 22.- 6-component measurement of a series of
Table 15. - tapered wings - triangular wings.
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Chart 23.- 6-component measurement of a series of
Table 15. - tapered wings - triangular wings.
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SIX-CONTONFNT MEASURFIENTS OF A SERIES OF TAFERED WING-

(Triangular Wing)

TABLE NO . i 6 TO CHLRT 24

CD A = 1

a = 34. Sao

NO	
I

ca c	 i	
c tir	 I L cM cN

- 0 --4 0 0 -0.00 +5	 5180
I

j	 -0.0210 -0.0087 0.0066

2 c175 .00^+	 +	 5-60
I

-.O1`1 -.0053 I	 o064

1	 0 .9220 I	 -.0007	 5186 I	 -.0031
I

-.003 -.0041

2 .9268 .0130	 !	 .5243 .02'T9 -.0105 .0026

4 .y,,00 !	 -.0092I	 .5399, .0632; I	 -.0217 i	 .0092

6 .9414 -.0560	
i	 5337

.1.0Ji.4 f	 -.0229 .0166

I
10 .8360 .0918	 .4577 }	 .1454 .0053 .0298

15 .7908 --.15.,8	 I	 .429 ,-,, I	 -(i	 .2! 1 ^	 .004- .0288 I

20 .6675 -.1827	 .3899 I	 .2393 .0023 j	 .0399
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CC = 34.890
Chart 24.-	 6-component measurement of a series of
'T'ahle 1 Fi -	 tanarPri wi n s - triangular win Sg	 g•
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ca = f (a) A = 3	 v—v
A = 2	 0-0
A = 4/3	 ^--♦
1l = 1 ^

Ca =f (Cw) /1 = 3	 +—+

A = 2	 x-x

-T-1	 A = 4/3 n—o
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1, J
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Chart 25.- ca = f (a) and ca = f (cw ) - curves of a series of

triangular wings.
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Chart 26.- ca = f (CM) - curves of a series of triangular wings.
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Chart 27.- cL and cq - curves of a series of triangular wings.
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x
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Chart 28.- c L and cq - curves of a series of triangular wings.
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