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NATIONAL ADVISORY ('OMMITTEX FOR AERONAUTICS

Bureau of Aeronautics, Department of the Navy

'IND-TUNNEL INVESTIGATION AT LOW SPEED OF THE YAWING
STABILITY DERIVATIVES OF A 1/9-SCALE POWERED MCDEL
OF THE CONVAIR XFY-1 VERTICALLY RISING AIRPLANE
TED NO. NACA DE 373

By M. J. Queijo, W. D. Wolhart, and H. S. Fletcher
SUMMARY

An experimental investigation has been conducted in the Langley
stability tunnel at low speed tc determine the yawing stability der!va-
tive; of a 1/9-scale powered model of the Convair XFY-1 vertically rising
airplane. Effects of thrust coefficient were investigated fo. the complete
model and for certain components of the model. Effects of control deflec-
tions and of propeller blade angle were investigated for the complete
model. Most of the tests were male through an angle-of-attack range frca
about -4° to 29°, and the thrust coefficient range was from O to 0.7.

In order to expedite distribution of these data, no analysis of the
data has been prepared for this.

INTRODUCTTION

Various investigaticns have shown tnat the dynamic stability char-
acteristics of high-speed aircraft are critically dependent on certain
mass and aerodynamic parameters and, hence, that relisble estimates of
the dynamic stability of such aircraft can be made only if these param-
eters are determined accurately. The purpose of *!2 .resent investigation
was to determiae the yawing stability derivatives of a powered model of
*he Convalir X.1-1 vertically rising airplane from a series of low-speed
tests in the Langley stability tunnel. These tests were made at the
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request of the Buresu of Aeronautics Lo aid in the development of the
XFY-1 airplane. The results of a previous investigation to determine
the static longitudinal ard lateral stability derlvatives of the same
model are given in reference 1.

SIMBOLS AlD COEFFICIENTS

The data presented herein are in the form of standard NACA coef-
ficients of fcrces and moments which sr= referred tc the system of
stebility axes (fig. 1) vith the origin at the projection on the plane
of symustry of the lli-percent point of the wing meun aerodynamic chord.
This system of axes is defined as an orthogonal system having the origin
at the assumed center of gravity and in vhich the Z-axie is in the plane
of symmetry and perpendicular to the relative wind, the X-axis is in the
plane of symmetry and perpendicular to the Z-axis, and the Y-axis is
perperlicular to the plane of symmetry. Positive directions of forces,
moments, amn displacements are shown in figure 1.

b theoretical wing span, 2.86 ft
d local propeller hlade cherd, ft
h maximm blade thickness at local chord, ft

D propeller diameter, ft

q aynamic pressure, %ov"’, 1b/sq £t

radial distance from propellier hub center line, ft
r yaving angular velocity, radians per second

R propeller radius, 0.889 ft

S area of theoretical wing, 4.27 sq £t

v free-stream veloclity, ft/sec

a wing angle of attack, deg

B sideslip angle, rad

(BO)F front propeller blade angle measured at 0.75 I, deyg

7 angle of climb, deg
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NACA RM SL53DO1 CONFIDENTIAL b)
Be elevator deflection, positive trailing edge up, deg
br rudder deflection, positive trailing edge to right, deg
L] angle cf yaw, deg
0 local blade angle, deg
¢ angle of roll, deg
P mass density of air, slugs/cu ft
L 1ift, 1b
X longitudinal force, 1b
Y side force, 1bd
T thrust, 1b (T = ¥, e1lers on - Xpropellers offs for complete
model at a = uo)
N vawing mament. ft-1b
1 rolling moment, ft-1b
Cr 1ift coetficient, L/qS
Cy side-force coefficient, Y/qS
Te' thrust coefficient, T/qS
Cn yaving-mament coefficient, N/gSb
’33 yawing velocity paramver
o) rolling-moment coefficient, 1/qSb
oC
oV
OV
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oC.
Cu, = T_\l:

2v
Abbreviations:
W ving
T upper tatl
™ lower tail
F fuselage
P propeller
Subscripts:
F front
L left
R right

MODEL AND APPARATUS

The model used in this investigation was a 1/9-scale powered model
of the Convair XFY-1 vertically rising airplsne. Pertinent geometric
characteristics of the model are giver in figure 2. Tae wing was built
around a core made from 1/2-inch-tbick duralumin sheet and was built up
to the proper contour witbh laminated mahogany. The fuselage and fins
were constructed of laminated mahogany. All control swfaces were made
of solid duralumii. The wing and fins bad modified NACA 63-009 airfoil
contours paralle) to the model thrust iine.

The propeller blades, for which the geometric character!stics are
given in figure 3, werc constructed of heat-treated duralumin and were
driven by a 50-horsepower water-cooled motor. The motor was equipped
with a dual-rotating gear box. Power for the model motor .mas supplied
by a 75-1"11 wat. motor-generator set, which 18 part of the egiipment of
the Langley .tability tunnel. Propeller speeds were measured by reans
of a Stroboconn unit in conJjunciion with an alternator driven directly
by the model rotor.
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A two-strut support system was used to attach the model to a
2ix-component balance system. Photographs of the model mounted on the
struts are given as figure 4. All tests were made in the Langley sta-
bility tunnel in which yawirg flow i1s simulated by curving the air
strean about a stationary model (ref. 2).

TESTS

All tests of this investigation were made a® a dynamic pressure of
16 pounds per square foot, which corresponds to a Mach number of about

0.11 and a Reynolds number of 1.28 Xx 106 based on the wing meun aerodynamic

chord of 1.73 feet. Most of the tests were made with controls in the
neutral position and with the front blades set at (By)p = 25°. A few
tests vere made to determine effects of blade angle on the yaving sta-
bility derivatives. In all cascs the rear blades were set at 1° less
than the front blades. Effects of control defleciions also were
invescigated.

The yawving stability derivatives of three basic model configuratioms
were investigated, and these configurations were as follovws:

Wing with fuselage and propellers . . . ¢ « ¢« ¢« ¢« ¢« ¢« ¢« ¢« ¢« W+F4+P
Wing with fuselage, upper tail, and piopeller . . . . . . W+ F+ Ty, + P
Complete model (wing with fuselage, upper tail, lower

taii, and propeller) c ettt e s i e e e e JHWEFHT, + T+ P

The characteristics of these configurations with propellers removec also
were investigated.

The angle-of-attack range for all tests was from about -4° to 290,
Tests were made at values of rb/2V of 0, -0.0281, -0.0581, and -C.081k.

Power-on data were obtained ror several thrust coefficients from O
to 0.7. The thrust coefficienr was held constant fci any particular ces*

by helding the propeller speed constant wvhile varying the angle of attack.

The ecope of this investigat.on is indicated in table I.
CORRECTIONS

Approximate corrections for Jet-boundary effects were applied to the
angle of 1ttack by the methods of reference 3. Blockage corrections were
determined and applied by the methods of relerence 4. Strut-tare correc-
tions were determined experimentally and applied to all data.
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6 CONFIDENTIAL NACA RM SL52DO1
PRESENTATION OF RESULTS

The results of the investigation are presented in f’ wes 5 to 9.
The data, model configuration, and figure on which the data are shown
are ‘ndicated in tadle I for convenience in locating desired information.
All moment data are referred 0 the system cf stability axes with the
origin at the projection of the li-percent wing mean aerodynamic chord
on the plane of symmetry.

CONCLUDING REMARKS

An experimental investigation has been made in the Langley stability
tunnel st lov speed to determine the yawing stability derivatives of a
1/9-scale powered model of the Convair XFY-1 vertically rising airplane.
Effects of thrust coefficient were investigated for the complete model
and for certain components of the model. Effects cf control defl-.:tion
and of propeller blade angle were investigated for the complete model.
Most of the tests were made through an angle-of-attack range fram ebout

40 to 29°, and the thiust-couefficlent range was from O to 0.7.

In order to expedite distribu.ion of these data, no analysis of the
data has been prepared for this paper.

Langley Aeronauti-:al Laboratory,
National Advisory Camnittee for Aeronautics,

Langley Field, Va.
3 quei.j::

Aeronautical Researzh Scientist

W. D. Wolhait
Aeronautical Research Scientist

H. S. Flevrcher
Aeronautical Research Scilentist
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Chief of Gtability Research Divis'on
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-$,3%% TABIE I
B SWMARY OF MODEL CONFIGURATIONS TESTED,
i ‘::“i TEST VARIABLES, AND DATA PRESENTED
| Model configurstion Data presented Figure
w+r+1\;+1;+r Te' against propeller speed
(Bo)p = 25°, 35°, 50° ?
WeF CY:» Cips Cny egainst Cp 6(a)
W+F+P, (Bo)y = 25° for various thrust coefficients
WeP+ T, CYys Cips Cn, ogainst Cp 6(v)
W+ F+Ty+P, (B)y =25° for various thrust coefficients
W+ F+Ty+ Ty Cxyp» c;,,cnr against Cp 6(c)
W+ F+ T+ T+ P, (ao)r-ejdfornrim thrust coefficients
W+P+T+ Ty CYys Ci.» Cn, against Cj 7
. W+ F+T,+ T+ P, (po)"-)#tormxmthrutcodﬁeuut-
W+F+T,+ T c!r:clr:cnr sgainst Cp, 8
W+P+Ty+ T+ P, (Bo)y = 50°| for various thrust coefficients
W+F+Ty+T+P, (Po)y =250y, Cryy Cp, against a for 5(a)
fr.' =0 various control. deflections e
+ P+ T+ T+ P, (Bo)y = 25° Cy. Cy. Cn, egainst a for R
' = 0.2 various control deflectiocas
+F+Ty+ T +P, (Bo)y = 25° Oy, Ciys Cn,. egainst a for 9(e)
c' = 0.h . various control deflections
+F+ Ty + T+ P, (Po)p = 25°|cy,, Ci.s Cn,. against a for @
e' = 0.7 various control deflections 9(d)
S A
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Aliluth reference plane

Re L
L ol
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Figure 1.- System of stability axes. Arrows indicate positive direction
of for~es, moments, and displacements.
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Figure 2.- Geometric characteristics of model.
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(a) Side view of model.

Figure 4.- Photcgraphs of model used in investigation.
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(b) Rear view of model with dunmy struts used in tare tests.

Figure L.- Concluded.
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Figure 6.- Effect of thrust coefficient on the yaving stability deriva-
tives of various cruponents of a 1/9-scale powered model of the
Convair XFY-1 vertically rising airplene. (Bo)p = 25°,
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GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAW.}GS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPLICATICY OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR ('ORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE
USE NR SEL . ANY PATENTED INVENTION THAT MAY IN ANY WAY BE REV.ATED THERETO,

UNCLASSIFIED




