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RESEARCH MEMORANDUM 

LOW-SPEED PITCHING DERIVATIVES OF LOW-ASPECT--RATIO WINGS 

OF TRIANGULAR Mn) MODIFIED TRIANGULAR PLAN FORMS 

By Alex Goodman and Byron M. Jaquet 

A low-speed investigation was made in the 6- by 6-foot curved-flow 
test section of the Langley stability tunnel to determine the effects of 
change in profile and aspect ratio on the pitching derivatives of trian-
gular wings. The effects of aspect ratio on the pitching derivatives of 
a series of modified triangular wings, obtained by cutting various 
portions from the tips of a basic triangle, also were determined. 

The results of the investigation indicated that the values of the 

damping-in-pitch parameter C m

q
obtained for the triangular and modified 

triangular wings were about one-fifth to one-tenth as large as the value 
that might be expected for a typical airplane, having a conventional wing 
and horizontal-tail arrangement, but were nearly the same as the values 
of Cmq for unswept wings. It should be realized, however, that values 

of the nondimenional parameter Cmq are not necessarily indicative of 

the actual damping in pitch. Of the three profiles investigated (flat 
plate, 12-percent-thick biconvex, and NACA 0012), the results obtained 
for the NACA 0012 section showed the smallest variation of the damping-
in-pitch parameter and the lift due to pitching over the greater part 
of the lift-coefficient range. The flat-plate profile had the largest 
values of the damping-in-pitch parameter and the lift due to pitching. 

Comparison of the experimental values of the damping-in-pitch 
parameter and the lift due to pitching at zero lift coefficient, obtained 
for the triangular and modified triangular wings, with untapered swept-
wing theory indicated very good agreement when experimental values of 
the lift-curve slope and the static margin (/) were used.-in the 
theoretical relations. The low-aspect-ratio triangular-wing theory 
seemed to be applicable only up to aspect ratios of 0.5. For higher 
aspect ratios, the theoretical values diverged rapidly from the experi-
mental results.
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INTRODUCTION 

A systematic program has been initiated in the Langley stability 
tunnel in order to determine, experimentally, the static and rotary. 
stability derivatives of various wings and complete airplane configu- 
rations. The rolling—flow and curved—flow equipment (references 1 
and 2) Is being used to determine the rotary derivatives. 

As part of this systematic program, a series of triangular—wing 
models is being investigated. The static and rolling characteristics 
of several triangular and modified triangular wings are reported in 
reference 3. 

The present investigation was made in order to determine the 
pitching derivatives of the triangular wings and modified triangular 
wings of reference 3. 

This investigation deals with the effects of profile for one 
triangular plan form, the effect of aspect ratio of triangular wings 
for one profile, and the effect of variation of asp&ct ratio of a 
modified triangular plan form, which is obtained by cutting portions 
from the tips of a basic triangular wing. 

The experimental values of the pitching derivatives for these wings 
are compared with available theory. 

SYMBOLS 

The data presented herein are in the form of standard NACA symbols 
and coefficients of forces and moments which are referred to the stability 
system of axes with the origin at the quarter—chord point of the mean 
aerodynamic chord. Positive forces, moments, and angular displacements 
are shown in figure 1 The coefficients and symbols used herein are 
defined as follows: 

CL	 lift coefficient 

( "T-t—p5  

CD	 drag coefficient / Drag \ 
(\ PV 2S

.'
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CM.	 pitching—moment coefficient (Pitching moment 
!pv2s 

CIL=L 

CL = L 
q

2V 

C	 =
Dq

2V 

2V 

A	 aspect ratio () 

b	 wing span 

S	 wing area 

c	 local chord parallel to plane of symmetry 

mean aerodynamic chord	
f / 

c2dY) 

C r	 root chord

( 
X	 taper ratio I Tip chord

\Poot chord 

x	 longitudinal distance rearward from apex of triangle to quarter—
chord point of any chordwise station 

x'	 longitudinal distance rearward from apex of triangle to quarter—

chord point of mean aerodynamic chord 	
j2 

c  d)
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longitudinal distance rearward from airplane center of gravity 
to aerodynamic center 

R	 Reynolds number 

P	 density of air 

V	 free—stream velocity 

A	 angle of sweepback of leading edge 

Ac/It	 angle of sweepback of quarter—chord line 

a0	 section lift—curve slope 

qc	 pitching—velocity parameter 
2V 

q	 angular velocity in pitch 

APPARATUS, MODELS, AND TESTS 

The present investigation was conducted in the 6- by 6—foot curved—
flow test section of the Langley stability tunnel in which pitching flow 
is simulated by mounting the model rigidly on a supportstrut and 
curving the air stream. A discussion of this procedure is given in 
reference 2. 

All tests were made with the models mounted on a six—component 
balance system at the quarter—chord point of the mean aerodynamic chord. 
Model dimensions and the test conditions are presented in table I. The 
models tested herein are those used for the tests given in reference 3, 
with the exception of models 5 and 6, data for which are not presented. 
herein.	 - 

The modified triangular wings (models 8, 9, and 10) were formed by 
cutting portions from the tips of a basic triangular wing (model 7) and 
adding tips of revolution.. Photographs of some of the models are 
presented as figure 2. 

Each of the models listed in table I (with the exception of 
models 1 and 10) was tested through an angle—of--attack range from 
a. = —20 through the stall at the values of q/2V given in table I.
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All tests were made at a dynamic pressure of 24.9 pounds per square 
foot. The Reynolds number of each test, based on the mean aerodynamic 
chord of the model,&is given in table I. The test Mach number was 0.13. 

CORRECTIONS 

The angle of attack and the drag coefficient were corrected for, 
the effects of the jet boundaries by, methods derived for unswept wings. 
(See reference 2.) The lift coefficient was corrected for the cross—
tunnel pressure gradient which is associated with pitching flow. 

Corrections were not applied to the data to account for blocking 
or support strut tares.

RESULTS AND DISCUSSION 

Presentation of Results 

The variation of lift coefficient with angle of attack for the 
models reported herein are presented in figure 3. The complete static 
and rolling characteristics of the models are given in reference 3. 

The pitching derivatives of the models investigated are presented 
as follows:

Figure 

Effect of profile of triangular wings ............... 
Effect of aspect ratio of triangular wings ............ 5

 Effect of aspect ratio of modified triangular wings ........6 

In figure.7 a comparison of the experimental values of the damping in 
pitch and the lift due to pitching at zero lift coefficient with the 
values given by the low—aspect—ratio triangular—wing theory of refer-
ence 4 and the untapered—swept—wing theory of reference 5 is presented. 

Lift Characteristics 

A comparison of the variation of lift coefficient with angle of 
attack as presented in figure 3 with the results given in reference 3 
indicates that at low and moderate angles of attack the slopes of the 
lift curves, presented in the present paper, are very nearly the same
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as the slope.s presented for the same wings in reference 3. However, the 
values of maximum lift coefficients obtained in. the present tests are 
as much as 11 percent lower than those of reference '3 The differences 
possibly are caused by the differences in support strut tares and also 
the fact that canopies were not used for the models of the present 
tests. (See reference 3..) 

Pitching Derivatives 

Effects of profile.- A comparison of the values of the damping-In-
pitch parameter Cmq obtained for the low-aspect-ratio triangular and 

modified triangular wings (figs. 4, 5, and 6) with values reported for 
a conventional airplane with horizontal tail (reference 6) indicates 
that the values obtined for the triangular wings are relatively shall 
(about the same as for an unswept wing). The values of C mqfor the 

conventional airplane of reference 6 are approximately 5 to 10 times 
greater than the values obtained for the present wings. It should be 
realized, however, that according to usual practice, both the coef-
ficient Cm and the nondimensional angular-velocity parameter q/2V 

are in terms of the wing mean aerodynamic chord. When comparing wings 
having the same area, but different aspect ratios, therefore, the 
derivative C	 is not necessarily indicative of the actual damping in 

pitch. 

In general, the pitching derivatives for the triangular wings show 
rather small variations over the greater part of the lift-coefficient 
range. The results presented in figure Ii for a triangular wing of 
A = 2.31 and	 = 52.20 indicate that the effects of profile are 

quite small at low afld moderate lift coefficients but become more 
important at the higher lift coefficients. Of the three profiles 
investigated, the results obtained for the wing with NACA 0012 section 
showed the smallest variation over the greater part of the lift-
coefficient range and the flat-plate profile had the largest values of 
the derivatives. 

A comparison between available theory (references ii- and 5) and the 
experimental results for CL and C	 at CL = 0 is given inmq 
table II. The theories considered will be explained in some detail in 
the following section; however, only the theory of reference 5 is in a 
form suitable for predicting effects of changes in profile through use 
of experimental values of the lift-curve slope and the static margin 
(/). Using experimental values in the theory of reference 5 results 
in a good prediction of the trend of CL q and Cmq as affected by 

profile. (See table II.)
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Effects of aspect ratio.— In figure 7 the experimental variations 
with aspect ratio of Ci,, and C	 obtained for the triangular and


modified triangular wings at CL' = 0 are compared with values obtained 

from the methods based on the theory of low—aspect—ratio triangular 
wings (reference 4)-and the untapered swept—wing theory of reference 5. 

According to the triangular—wing theory of reference It-, the 
variation of Cj	 and Cmq with aspect ratio can be expressed as 

CL' =+itA q.	 2 

Cm =-j tA -
	

-	
(2) 

where the aerodynamic—center location Is considered to be at the 2i —root—  

chord point. The present triangular wings were mounted at the i —root-

chord point (quarter—chord point of mean aerodynamic chord) and, there-
fore, the value of	 In equations (i) and (2) is 1/4. Applicability

of equations (i and (2) decreases with increasing aspect ratios, and 
an aspect ratio of 0.7 was estimated as the upper limit of utility in 
reference ii-. The comparison made in figure 7(a) of the experimental 
values of CL. and C	 with values given by equations (1) and (2)mq 
verifies the aforementioned statement. It can be seen that if the 
experimental data are extrapolated to lower aspect ratios, reasonably 
good agreement with theory might be expected at an aspect ratio of 
about 0.5. 

The untapere& swept—wing theory of reference 5 presents the 
variation of CL q and C	 as

mq

	

CLq = (+ 2 )C	 -	 '	 (3) 

=	 [(_)2	
1	 1 A3a0 cos A/it- 

2	 - a
0 cos A ! -	 tan2AC/


A + 6 cos Ac/4
(14) 

(1)
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where the aerodynamic 'center is assumed to be at the quarter—chord point 
of the mean aerodynamic chord. 

Charts, based. on equations (3) and. (14), with theoretical values 
of	 and CL, are presented in reference 5. The use of the chart 

values of C	 and CT ci yields results which are somewhat smaller
mq

than the experimental values (fig. 7) but indicates the trend for both 
the triangular and modified triangular wings. When experimental values 
of Ci,, and /6, as given in reference 3, are inserted in equations 

(3) and ( ii. ), very good agreement with experiment is obtained for the 
triangular wings, and fair agreement is obtained for the modified 
triangular wings. (See fig. i'.) 

CONCLUSIONS 

An investigation conducted in the 6— by 6—foot curved—flow test 
section of the Langley stability tunnel in order to determine the effects 
of a number of geometric variables on the low—speed pitching derivatives 
of triangular and modified triangular wings (obtained by cutting portions 
from the tips of a basic triangle) indicates the following conclusions: 

1. For the triangular and modified triangular wings investigated, 
values of the damping—in—pitch parameter C 	 were about one—fifth to

MCI 

one—tenth as large as the value that might be expected for a typical 
airplane, having a conventional wing and horizontal—tail arrangement, 
but were nearly the same as the values of C 	 for unswept wings. It

mq 
should be realized, however, that values of the nondimensional param-
eter Cmq are not necessarily indicative of the actual damping in 

pitch.

2. For triangular wings of the same plan form, both the damping-
in—pitch parameter and the lift due to pitching showed the smallest 
variation over the greater part of the lift—coefficient range when the 
NACA 0012 airfoil was used than when either a flat plate or a 12—percent-
thick biconvex airfoil was used. The flat—plate profile had the largest 
values of the damping—in—pitch parameter and the lift due to pitching. 

3. Comparison of the experimental values of the damping—in—pitch 
parameter and the lift due to pitching at zero lift coefficient, 
obtained for the triangular and modified triangular wings, with untapered 
swept—wing theory Indicated very good agreement when experimental values 
of the lift—curve slope and the static margin (i/v) were used in the
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theoretical relations. The low—aspect—ratio triangular—wing theory 
seemed, to be applicable only up to aspect ratios of 0.5. For higher 
aspect ratios, the theoretical values diverged rapidly from the 
experimental results. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va. 
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Figure 1.- Systemof stability axes. Positive forces, moments, angles,

and velocities are indicated.
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•	 Angle of attack, W, deg 

Figure 3.- Effect of profile and aspect ratio of triangular wings and 
aspect ratio of modified triangular wings on variation of CL 
with a. 
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Figure )4_ Effect of profile of a triangular wing of aspect ratio 2.31

on the variation of Cmq CD q and. CLq with CL . 1c/14- = 52.20.
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