UNCLASSIFIED

AD NUMBER

ADA800922

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Operational Use; 27 SEP 1948.
O her requests shall be referred to Nati onal
Aeronautics and Space Adm nistration,

Washi ngton, DC. Pre-dates formal DoD

di stribution statenents. Treat as DoD only.

AUTHORITY

NASA TR Server website

THISPAGE ISUNCLASSIFIED




W s B FEi o
i v 3 £y e
3

.Cpr :\Io ‘/
b LN hi.‘ RM No. SASIZ3
g? o e ocTs 1948 RECH s =/
NACA i
g |
“ YR ATION

RESEARCH MEMORANDUM
for the

b

Air Materiel Command, U, S. Air Force
AN INVESTIGATION OF THE MCDONNELL XP-85 AIRPLANE
IN THE AMES 40— BY 80~FOOT WIND TUNNEL,—
FORCE AND MOMENT TESTS
By Lymn W. Hunton and Harry A. Jemes

Ames Aeronautical Laboratory
Moffett Field, Calif,

B P n- -—-'- | N A b I‘I_-"h r:; | “_
g E {.d& y W .)t ' \k ,ﬁ\ﬂ{— ’ ), | I\L_,.-J--l-"\-'; "-...--1_.'.-.."--..' -

s me '-.S SFY
Nationa DL'
the Espionag® A” USe, 500 31 and 32. 1% transmission or the
revelation of |t> cofferts in any manner to an uaj3ustn

ifd by law. Information so clas;t'g
S/ persons o theJpilkiary.and-naval Services-of
i nd employres
‘ 7, d Imate interest
therei ™™ Ana 18 STates citizens of known loyalty and
discretion who of nacessity must be informed thereof.

Bi IHG
AIVED

NATIONAL ADVISORY COMRAFTTEE ”*‘-"‘#
FOR AERONAUTICS

Gheie 0 1 ongl
WASHINGTON Ao 0 g

oG S SLING [ At ONBURRS
' d if; MW&G
55 WCCS -7395

o>, s g

;:.)._._‘ B B




NACA RM No. SASI23 ‘ CON%%DMEM l'ﬂﬂ!l ﬂQr* i “;W

-‘I-Ja-‘J\r" - 'J“‘.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

for the
Air Materlel Command, U. S. Air Force
AN INVESTIGATION OF THE MCDONNELL XP-35 AIRPLANE
IN THE AMES 4O~ BY 80-FOOT WIND TUNNEL.-
FORCE AND MOMENT TESTS

By Lynn W. Hunton and Harry A. James

SUMMARY

Wind-tunnel tests of the McDonnell XP-35 airplane were con—
ducted to determine its longitudinal, lateral, and directional
stability and the characteristics of the aileron, the ruddervator,
the leading-edge droop nose flap, and the stall control vanes, The
directional stability of the airplane with numerous skyhook modifi-
cations and with a ventral fin was also investigated.

The results of the tests showed that the effectiveness of the
droop nose flaps and the stall control vanes was negligible with
regard to either the maximum 1ift or longitudinal stability of the
airplane. Contrary to any previous small-scals results, extension
of the skvhook caused a T5-percent reduction 1n the directional
gtability of the airplane for both low and high values of 1ift coef-
ficient. The simplest solution to the problem short of a major
redesign of the skyhook appears to be the adoption of a ventral fin.

INTRODUCTION |

The McDonnell XP-85 airplane is a jJet—propelled parasite fighter
designed to operate from a mother ship for air-to-air take—off and
landing. Due to the rather unique problems involved in such a design,
the Lir Materiel Command requested an investigation of the aero—
dynamic characteristics of the XP-85 airplane in the Ames LO-— by
80-foot wind tunnel to facilitate the final phases of the airplans
design and to insure the success of the initial air-to-air test|:"

flight. A .m“nu NNN.'H
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2 CONFIDENTTAL NACA RM No, SA8I23

This full-scale investigation included both force and pressure—
distribution measurements. Reported herein are the results of only
the force tests. These include the longitudinal, lateral, and direc-—
tional stability characteristics of the airplane and in addition
control-effectivensess data for the aileron and the unorthodox Vee—
type tail. Also summarized herein are the results of a rather
extensive investigation of the large destabilizing effect of the
extended skyhook on the directional stability of the airplane. With
the exception of this skyhook stability problem, no analysis or dis—
cussion of the data is presented in this report. -

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coeffi-
cients of forces referred to the wind axes and of moments referred
to the stability axes as shown in figure 1. The axes originate at a
center of gravity located at the 25 percent mean aerodynamic chord
and 1.5 inches above the fuselage thrust axis. All angle—of-—attack
measurements refer to the fuselage thrust axis. The coefficients
and symbols are defined as follows:

1lif
CL 1ift coefficient (_1_t_>
gqS
drag
Cp dreg coefficient (*Es_
Cy gide~force coefficient (iﬁi.g’fﬁﬁ)
qQ
Cm pitching-moment coefficient <:pit°hig§ moment)
aST
t
Cn yawing-moment coefficient ( yawing momen >
qSb
C1 rolling-moment coefficient < Todling mmnent)
qSb
Cn control-surface hinge—moment coefficient <:hin8822§?ent)
an directional stability parameter; rate of change of yawing-
moment coefficient with angle of yaw Cn

\ ov
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NACA RM No. SA8I23 CONFIDENTTAL 3

Qyy geometric angle of attack in the wind tunnel of fuselege
thrust axis, degrees
e angle of attack, corrected for wind—tunnel-wall effects, of
fuselage thrust axis, degrees
o control-surface deflection, degrees
g angle of yaw, degrees
b wing span measured perpendicular to plane of symmetry, 21.13 feet
= //l?/a cedy
C wing mean aerodynamic chord ( = I stloreRecl
_L = C udy
N
M first moment of area aft of control-surface hinge line about

hinge line (Ma=0.928 £13, My =1.010 £°, My, =0.218 £t°)

q free—stream dynamic pressure, pounds per square foot
R Reynolds number

S wing area (100 sq ft)

v free—stream velocity, feet per second

Subscripts:

a aileron

r ruddervator

u upper

1 lower

ATRPLANE AND EQUIFPMENT

A three~view drawing of the XP-85 airplane giving pertinent
dimensions is presented in figure 2. The rather unconventional pro—
portions of this parasite fighter design were dictated by space limi-—
tations of the forward bomb bay of a B-36 airplane from which this
fighter is designed to operate. Except for the installation of strut-
support mounting pads on the wing, the only modification to the

CONFIDENTIAL



L CONFIDENTIAL NACA RM No. SA8123

airplane made for these tunnel tests was the removel of the turbojet
engine and the installation of & straight circular duct of constant
cross section through the fuselage.

The wing had a modified NACA 651—010 airfoil section parallel
to the plane of symmetry, an angle of sweepback of 34° at the quarter—
chord line, an aspect ratio of 4.5, and & tip to-root-—<hord ratio of
0.33. 1In addition, the wing was characterized by 4° of cathedral and
a uniform twist giving 59 of washout at the tips. The incidence of
the root chord of the wing with reference to the thrust line was 2°.

The wing was equipped with a 0.15-chord nose flap and stall
control vanes but had no form of trailing-edge flaps. The nose flap
shown in figure 2 had a maximum down-travel of 30° and extended over
the outboard 42 percent of the wing span. The stall control vanes
were not an integral part of the airplane but were installed during
a portion of this tunnel investigation. They extended aft from the
leading edge of the wing at the 55-percent, 65-percent, or 75-percent
semispan stations. Details of the vanes are given in figure 3 and
in the figures presenting data from this phase of the investigation.

The internal-sealed balance—type ailerons on the airplane were
hinged about the 0.80 chord line. The balance area, accounting for
one—-half the seal area and for cutouts, was 37.5 percent of the
aileron area aft of the hinge line. The right aileron only was
tested and had a maximum travel of about +12°.

Due to space limitations of the B-~36 airplane bomb bay, an
unorthodox five-unit tail design was resorted to for this airplane
rather than a more conventional type which would have entailed a
folding operation. As shown in figure 2, the design incorporates
four movable control surfaces which operate on a Vee-tail principle.
The ruddervator surfaces diametrically opposite were linked together.
Thus there resulted two independent sets of surfaces which in turn
vere rigged in the standard Vee-tail-type fashion for longitudinal
and directional control. For the majority of these tests only one
set of surfaces (upper right! and lower left loocking forward) was
used. All ruddervator surfaces were 30-percent-chord unsealed plain-—
type flaps with a shielded-horn balance.

Deflection of the movable surfeces was controlled remotely with
a linear actuator drive installed in the cockpit and linked to the

Henceforth in this report the upper-right and lower-left ruddervator
combination will be referred to simply as the right ruddervator,
while the upper-left and lower-right surface combination will be
referred to as the left ruddervator.

CONFIDENTIAL
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control stick for either alileron action or combined rudder and
elevator action (single set of ruddervators moved) and pure elevator
action (both sets of ruddervators moved). For pure rudder action
(both sets of ruddervators moved) the actuator was linked to the
rudder pedal., Remote indication of the deflection angle of the
surfaces was provided by autosyn transmitters installed in the
linkage system near each of the three control surfaces. Surface
hinge moments were determined using electrical resistance—~type strain
gages. The aileron was equipped with a bending—type gage, while the
upper and lower ruddervators were each equipped with torsion—type
gages. All control surfaces when not undergoing test were clamped in
a neutral position,

Other apperatus on the airplane included a retractable trapeze
hook (fig. 4), which throughout this report will be referrcd to as
the skyhook in accordance with the nomenclature established by the
manufacturer, and a dive brake (fig. 5(b)) located on the underside
of the fuselage.

The installation of the airplane in the tunnel test section is
shown 1n the photographs of figure 5. The support system used for
the tests consisted of the regular two main support struts and pitch
links which attached to the wing forward of the main strut attachment
points.

TESTS

Force tests were made with the alrplane in pitch and in yaw to
determine the longitudinal, lateral, and directional stability
characteristics of the airplane in the clean condition, and with
various combinations of the stall control vanes, the droop nose flap,
the skyhook, and the dive brake. Tests were also made with the
center vertical tail fin removed. Tests to determine the effective—
ness and hinge—moment characteristics of the right aileron and the
right ruddervator were conducted with the airplene at several
angles of attack and angles of yaw. The investigation of the rudder—
vator also included tests wherein both sets of ruddervators were
moved simultaneously, first to give pure elevator action, then to
give pure rudder action in order to determine the extent of effects
of interaction of this Vee—-type tail arrangement, The effects on
the airplane directional stability of the skyhook and modifications
thereto and of a ventral fin were determined., Throughout the entire
investigation of the airplane the fuselage duct was left open.

All tests, except where noted otherwise, were made at a dynamic
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6 CONFIDENTIAL NACA RM No. SA8I23

pressure of 60 pounds per square foot which corresponds to an air—
speed of about 155 miles per hour at standard sea—level conditions
and to a Reynolds number of 7.4 X 10® based on the mean serodynamic
chord of 5.15 feet.

CORRECTIONS

No support—strut tares have been applied to the data, since mno
tare measurements existed for the support-strut configuration used
in these tests. As an approximate indication of the order of magni-
tude of the tares a test was made at the test dynamic pressure of
60 pounds per square foot with the airplane removed from the tunnel
and with the main struts, pitch links, and stramnds of control wires
and pressure tubing supported in position by small rectanguler flat
plates set at zero incidence to the air stream to simulate the
support attachment configuration as existed on the lower surface of
the wing. This method obviously neglects all the mutual interference
effects between the support strut and wing. Results of this test
indicated tares based on the dimensions of this relatively small
airplane of the order of 0.011, 0.031, and -0.024, all at zero 1lift,
for &C s &p , and AC , respectively. All these tares, if

tare Dtare

are
applied to the data presented herein, would be subtracted aigebra—
ically.

Corrections for air-—stream inclination and tunnel-wall effects
have been applied to the data. Since investigations of tumnel-wall
corrections for swept wings have indicated that boundary corrections
are determined primarily by spans and areas of models and are not
greatly affected by sweep, the following standard corrections for
unswept wings have been applied to the angle of attack, drag coef-
ficient, and pitching-moment coefficient data:

Lo = 0.242 Cy
M 2
D = 0.00k Cy
&0, = 0.0065 Cp,

Corrections have also been applied to the ruddervator (both
upper and lower) deflection angles. Since the autosyn indicator
transmitters were installed on bell cranks near each of the rudder—
vator control surfaces, a correction was necessary to account for
strain in the linkage system between the surface and the transmitter.
For the aileron the transmitter was connected directly to an extension

CONFIDENTIAL
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of the hinge pin,thus necessitating no deflection correction.

PRECISION OF THE DATA

Due to the relatively small size of this airplane, some diffi-
culty was encountered in attaining the normal accuracy of results
expected in an investigation of this kind. A major portion of the
scatter and minor inconsistencies in the data, especially pitching
moments, as may be found by cross—checks of the data is believed to
be the result of the relatively small forces involved. For purposes
of an approximate indication of the accuracy with which the various
aerodynamic coefficients could be measured based on the least count
of the force scales, on the dimensions of the airplane, and on a test
dynamic pressure of 60 pounds per square foot, the following coeffi-
cients were computed:

Cy, = 0,002
Cp = 0.0003
Cy = 0.0003
Cp = 0.01

Cp = 0.0003
Cy = 0.001

RESULTS AND DISCUSSION
General Characteristics

The results of this investigation of the XP-85 airplane are
presented in figures 6 through 65 as outlined in table I. Included
in these results of tests with the airplane in various configura~—
tions are the general longitudinal characteristics in figures 6 to
8, the longitudinal, lateral, and directional stability characteris—
tics in figures 9 to 24, the characteristics of the aileron and tab
in figures 25 to 33, and the characteristics of the ruddervators and
tab in figures 34 to 65. It should be noted throughout these results
that the configuration as noted in each figure title is complete
(i.e., the various changes indicated are in each case based on the
clean airplane), and that for the ruddervator—effectiveness data,
except the lower ruddervator hinge-moment coefficient data, all

CONFIDENTIAL
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deflection angles refer to the angle of the upper ruddervator surface,
The deflection angle of the lower ruddervator, which deviated slightly
from that of the upper surface due to strain in the control rigging,
is indicated by the data of lower ruddervator hinge-moment coefficient
versus surface deflection. In thig data the hinge-moment coefficient
for the lower ruddervator 1s plotted against the true deflection of
the lower ruddervator. The amount of deviation in deflection between
the upper and lower surface may be seen by & comparison of the corre—
sponding hinge~moment-coefficient test points for the upper and lower
surface.

Throughout the results of both the yaw tests of the airplane and
the aileron and ruddervator control-—effectiveness tests made at
various fixed angles of attack, it may be noted that the data shown
for an angle of attack of 12° are somewhat erratic and irregular.
Such results are attributed to an asymmetric stall of the wing which
is clearly shown in figure 9 by the rolling-moment—coefficient versus
lift-coefficient data obtained over the stall. For the airrlane at
zero angle of yaw these rolling-moment data indicate a definite roll-
off on the left wing at a lift coefficient corresponding to 11° angle
of attack as compared with approximately 15° angle of attack for
maximum 1ift. Therefore, it is probable that all the data presented
herein for the airplane at a fixed angle of attack of 12° were
obtained with the left wing partially stalled.

Nose Flaps

In the course of the investigation of the maximum 1ift charac—
teristics of the airplane, it was found that the droop nose flap
deflected 30° was relatively ineffective as an auxiliary 1lift device
(fig. 7). Therefore, in an attempt to uncover the cause of the
ineffectiveness of this device, brief additional tests were made
with the gap at the outboard ends of the flap sealed and with the
deflection angle reduced from 30° to 15°. These results are also
shown in figure 7. Although a reduction of the nose flap angle of
deflection to 15° did show a slight improvement in the maximum 1ift
coefficient, the increment in CLmax of only 0.05 for this nose flap
would not seem to warrant its use as an auxiliary 1ift device on this
wing.

Stall Control Vanes

Results of preliminary small-scale tests of the airplane (refer—
ence 1) indicated that the use of stall control vanes significantly
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improved the longitudinal stability characteristics. Therefore, one
of the purposes of this full-scale investigation of the ailrplane was
to verify the small-scale results and to establish the optimum stall
control vane configuration., In figures 8(a) and (b), data are
presented for the airplane with various stall control vanes with the
droop nose flap both retracted and extended to its normal down-posi-
tion of 300. From the results it may be seen that the effect of the
vanes on the maximum 1lift or longitudinal stability characteristics
of the clean airplane is negligible. With the droop nose extended,
the vanes reduced the tendency toward neutral stability in pitch
caused by the droop nose near stall. Since no one vane configura—
tion appeared particularly advantageous by comparison with the
others, the midposition vane Pz of medium height (1-1/2 in.) was
chosen to represSent an average vane to be used for the portions of
the tunnel investigation involving a stall vane,

Ruddervators

For the investigation of the effectiveness of the ruddervator
only the right set of surfaces was employed, since only by this
procedure could basic control-effectiveness data be obtained which
would be useful in the analysis of virtually any control problem
involving permutations of the rudder and elevator deflections. To
test the complete ruddervetor system would have restricted the tect
program to tests of specific conditions of control in order to avoild
unlimited combinations of rudder and elevator deflections. However,
the above procedure does involve some uncertainty regarding the
effects of interaction. For this reason a few tests of the complete
ruddervator system operated for pure elevator action and for pure
rudder action were made for purposes of comparison with predicted
results from tests of the single ruddervator set., These comparisons
can be made from the data given in figures 37 to 43 and in 61 to 65
for the single set and complete ruddervator systems, respectively.
For example, for the clean airplane at a=0° zand ¥=0° the yawing~
moment coefficient C, for 6r=8° given in figure 37 is 0.004 for
the single right ruddervator set (which value when doubled would be
the predicted C,, for the complete ruddervator), while for the

complete ruddervator system a value for C, of 0.008 from figure 62

was measured. Since other similar comparisons indicated equally good
agreement of control-effectiveness results, it was concluded that no
measurable effect of interaction existed for this Vee~type tail
arrangement.

CONFIDENTIAL
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Skyhook

The present full-scale investigation of the alrplane revealed,
contrary to any previous preliminary small-scale results, that the
skyhook when extended caused a T5—percent reduction in directional
stability C, . As may be noted by & comparison of the slopes of

the curves of  C, versus V¥ at an angle of attack of 0° shown in
figures 17 and 21 for the airplane clean and with the skyhook
extended, respectively, C is -0.0016 for the clean airplane,

while with the skyhook extended the value of C, drops to —=0.000L,
Even at the higher angles of attack the destabi£¥zing effect of the
skyhook not only continued but increased slightly. Consequently,

the general stability and control test program was rearranged in
order to provide test data of numerous skyhook modifications. The
results of the investigation which are summarized in figures 66(a)
through (e) include only the directional stability characteristice
in the form of yawing-moment coefficient plotted as a function of
angle of yaw. These tests were designed to provide the manufacturer
with not only the stability characteristics of a number of possible
modifications or alternate hook designs but also with basic data
which would be useful in an analysis of the problems involved with
the present skyhook design. Included in the investigation were

such modifications as fairings, venting of the hook, simulated doors,
gpollers, ventral fin, and various simulated skyhooks of alternate
design. Although the relative merits of these various modifications
will not be discussed, these results indicate that the reduction in
directional stability due to the skyhook 1s not associated with
either a wake or a sidewash at the tail caused by the hook, but
instead is probably the result of flow separation over both the
canopy and aft portion of the fuselage due to the spoiler action of
the operating mechanism at the base of the hook. This may be inferred
from the fact that the effectiveness of the center vertical fin
remained essentially intact with the skyhook either extended or
retracted., As for the Vee tails, it seems unlikely that a wake from
the skyhook could affect them without affecting the center fin since
the majority of the Vee—tall area lies outboard of the fin, From
the test results it would appear that the simplest solution to the
problem short of a major redesign of the skyhook would be to increase
the basic directional stability of the airplane by the adoption of a
ventral fin similar to the one investigated.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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TABIE I.-~ INDEX TO THE BASIC DATA FIGURES
General Configuration (d\ig) (;‘3“8) FNiog..
Longitudinal characteristics
Clean condition (R effect) 0 Variable 6
Droop nose flaps 0 Do. 7
Stall control vanes 0 Do. 8(a)
St:iiec;§;;01 vanes + droop 0 Do. 8(b)
Longitudinal, lateral, directionsl
stability
Clean condition .0,4,8 Veriable 9
Do. Variable 0,6,9,12 g
Droop nose flap 0,4,8 Variable 10
Do. Variable 0,6,9,12 18
Stall control vane 0,4,8 Variable i1
Do. Variable 0,6,9,12 19
Droop nose flap + stall o,4,8 Variable 12
vane
Do. Variable | 0,6,9,12 | 20
Skyhook 0,4,8 Variable 13
Do, Variable 0,6,9,18 21
Dive breke 0,4,8 Variable 14
Do. Variable | 0,6,9,12 | 22
e s | varsane | 15
Do. Varieble 0,6,9,12 23

CONFIDENTTIAL




NACA RM No. SA8I23 CONFIDENTIAL

TABIE I.— CONTINUED.

¥ Oy Fig.
General Configuration (deg) (deg) No.
longitudinal, lateral, directional
stability (cont.)
Stall vane.+ skyhook - 0,4,8 Wariabie "
center fin
Do. Variable 0,6,9,12 2k
Aileron characteristics
Clean condition ~ o
(6a=0,t6,12) 0 Variable 2,
Clean condition (&, var.) 0 0,6,12 26
Do. L D G2 27
Do. 8 0,6,12 28
Do. = 0.6, 12 29
Do. ) 0,6,12 30
Do. ~12 0,6,12 31
Clean condition
0 Variable 2
(6a=03 6tab=o:5) -
Clean condition
(8 var; Stap=0,-10) & % 33
Ruddervator characteristics
(single set)
Clean condition
Skyhook (8,.=0,+8,~16) 0 Varisble 5
Divebrake (8,=0,3,-16) 0 Do. 36
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TABLE I.~ CONTINUED,
] v (o2} Fig.
General Configuration (deg) (deg) No.
Ruddervator characteristics

(single set) (cont.)
Clean condition (&, var.) 0 0,6,12 37
Do. L 0,6,12 38
Do. 8 @,6,12 39
Do. 12 0,6,12 Lo
Do. -l 0,6,12 L1
Do. -8 0,6,12 L2
Do. +12 0,6,12 L3
Skyhook (&, var.) 0 0,6,12 L
Do. L 0,6,12 L5
Do. 8 0,6,12 L6
Do. ~h 0,6,12 L7
Dive brake (3, var.) 0 0,6,12 48
Do. L Q0,18 L9
Do. 8 0,6,12 50
Do. wall 0,6,12 51
Do. =8 0,6,12 52
Cl?g: =g°:gi:ig’)’ Verizble 0 53
Do. Do. 6 o
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TABIE I.— CONCLUDED.
General Configuration (dtg) (é:;) ﬁiﬁ.
Ruddervator charscteristics
(single set) (cont.)
Skyhook (&p=0,+8,-12) Varisble 0 55
Do. Do. 6 56
Dive brake (8,=0,18,-12) Do. 0 5
Do. Do. 6 58
* (oee0:560850,10,15) : e
Cl?g§=i?§%§gizg=o,lo,15) 9 g 59(v)
S Barbiby yye0n10) 0 Do. | 59(c)
Clean condition
(8 var.; ®¢gp=0,10) 0 0 60
Elevator characteristics
(complete ruddervator system)
Clean condition (&p var.) 0 0,;6,12 61
Rudder cheracteristics
(complete ruddervator system)
Clean condition (&, var.) 0 0,6,12 62
Do. L 0,6,12 63
Do. 8 0,6,12 3N
Do. 12 0,6,12 65
Directional stability
Modifications to skyhook Variable s 66

CONFIDENTIAL




NACA RM No, SA8I23 CONFIDENTIAL

FIGURE LEGENDS

Figure l.— Sign convention for the standard NACA coefficients, All
forces, moments, angles, and control-surface deflections are

shown as positive,
Figure 2,—~ Three—view drawing of the McDonnell XP-85 airplane.
Figure 3.— Details of the stall control vane test installations,

Figure L4,— Detail of the skyhook in the extended position on the
McDonnell XP-85 airplane.

Figure 5.— View of the installation of the McDonnell XP-85 airplane
in the Ames 40— by 80—foot wind tunnel. (a) Airplane with stall
control vanes Pa.

Figure 5.— Concluded. (b) Airplene with stall control vanes P»
and the dive brake extended,

Figure 6.— Effect of a variation in Reynolds number on the aero-—
dynamic characteristics of the airplane., Clean condition;
0
¥, 0.

Figure T.— Aerodynamic characteristics of the airplane with various
droop nose modifications., ¢, 0°,

Figure 8.— Effect of stall control vane location and height on the
aerodynemic characteristics of the airplane. ¥, 0°, (a) Droop
nogse flap retracted.

Figure 8.— Concluded. (b) Droop nose flap extended.

Figure 9.— Aerodynamic characteristics in pitch of the airplane at
various angles of yaw, Clean condition, (a) Cp, «, Cm vs CL.

Figure 9.— Concluded. (b) Cy, Cp, C1 vs CL.
Figure 10,— Aerodynamic charecteristics ir pitch of the airplane at

various angles of yaw, Droop nose flap extended, (a) Cp, «, Cm
vs Cr,.

Figure 10,— Concluded. (b) Cy, Cp, C7 vs CL.
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Figure 11l.— Aerodynamic characteristics in pitch of the airplane at
various angles of yaw. Stall control vanes Pp installed.

Figure 11.— Concluded. (b) Cy, C,, Cy vs Cr,.

Figure 12.— Aerodynamic characteristics in pitch of the airplene at
various angles of yaw. Droop nose flap extended; stall control
venes Pz installed. (a) Cp, a, Cy vs Cp.

Figure 12.-— Concluded. (b) Cy, C,, Cy vs Cp.

Figure 13.— Aerodynamic characteristics in pitch of the airplane at
various angles of yaw. Skyhook extended. (2) Cp, @, Cy vs Cp,.

Figure 13.-— Concluded. {B) Cy, Cn, C1 vs Ci.

Figure 1k4.— Aerodynamic characteristics in pitch of the airplane at
various angles of yaw. Dive brake extended. (a) Cp, @, Cp vs Cy,.

Figure 1k.— Concluded. (b) Cy, C,, Cy vs Cy.

Figure 15.— Aerodynamic characteristics in pitch of the airplane at
varous angles of yaw. Center vertical fin removed; stall vane
P> installed. (a) Cps @ Cp vs Cy.

Figure 15.- Concluded. (b) Cy, C,, C; vs Cp,.

Figure 16.-- Aerodynamic characteristics in pitch of the airplane at
various angles of yaw. Center vertical fin removed; stall vane
P> installed; skyhook extended. (e) Cp, a, C, vs Cy.

Figure 16.— Concluded. ({(b) Cy, Cy, C; vs Cy.

Figure 17.— Aerodynamic characteristics in yaw of the airplane at
various angles of attack. Clean condition. (a) Cy, Cys Cy vs .

Figure 17.— Concluded. {b) Cp, C, vs V.

Figure 18.— fLerodynamic characteristics in yaw of the airplene at
various angles of attack. Droop nose flap extended. (a) Cy, Cy»
C, vs y.
n
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Figure 18.— Concluded, (b) Cr,, Cpm vs V.

Flgure 19.,— Aerodynamic characteristics in yaw of the airplane at
various angles of attack. Stall control vanes Py 1installed.

(a) Cy, CL, Cn vs v.
Figure 19.— Concluded, (b) Cr,, Cm vs V.

Figure 20.— Aerodynamic characteristics in yaw of the airplane at
various angles of attack, Droop nose flap extended; stall control
vanes Pz installed. (a) Cy, C3, Cn vs V,

Figure 20,— Concluded., (b) Cp, Cp vs V .

Figure 21.— Acrodynamic characteristics in yaw of the airplane at
various angles of attack, Skyhook extended. (a) Cy, Ci, Cn vs V.

Figure 21.- Concluded. (b) Cp, Cp vs V.

Figure 22.— Aerodynamic characteristics in yaw' of the airplane at
various angles ef attack. Dive brake extended. (a) Cy, Ci1, Cn

vs V.
Figure 22.— Concluded, (b) Cr,, Cm vs V.

Figure 23.— Aerodynamic characteristics in yaw of the airplane at
various angles of attack. Center vertical fin removed; stall
control vanes P, installed. (a) Cy, Ci, Cn vs V.,

Figure 23.— Concluded, (b) C1, Cm Vs V.
Figure 24.— Aerodynamic characteristics in yaw of the airplane at

various angles of attack. Center vertical fin removed; stall
control vanes Po installed; skyhook extended. (a) Cy, Ci, Cn

vs V,

Figure 24,— Concluded. (b) Cr, Cym vs V.

Figure 25,— Effect of fixed defloctions of the right aileron on the
gerodynamic characteristics of the airplane in pitch. Clean
conditiony ¥ , 0°, (a) @ Cm, Cn vs CL.

Figure 25.~ Concluded. (b) Cy, Cy vs Cp.
a
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Figure 26.— Variation with deflection of the right aileron of the

aerodynamic characteristics of the
attack. Clean condition;y , 0°.

Figure 26.— Concluded. (b) Cp, Cp vs

Figure 27.— Voriation with deflection
aerodynamic characteristics of' the
attack. Clean condition; ¢, 4°.

Figure 27.— Concluded. (b) Cp, Cp vs
Figure 78.— Variation with deflection
aerodynamic characteristics of the
of attack.

Figure 28.- Concluded. (b) Cp, Cp vs
Figure 29.— Variation with deflection
aerodynamic characteristics of the
of attack. Clean conditiom; y,

Figure 29.—- Concluded. {(b) Cp, Cm ve
Figure 20.- Variation with deflection
aorodynamic characteristics of the
attack. Clean condition;y, -8°.
Figure 20.- Concluded. (b) Cp, Cp ve
Figure 21.— Variation with deflection

aerodynamic characteristics of tge
attack. Clean condition;y , -127.

Figure 21.~ Concluded. (b) Cp, Cp vs

Clean condition; y , 8°.

40,

airplane at several angles of

(a) €1, Chg V8 Ba.

6&0

of the right aileron of the
airplane at several angles of

(8) CZJ Cha vs 68'

B«

of the right aileron of the
airplane at several angles
(2) €4, Cp, vs By.

B

of the right aileron of the
airplane at several angles
(a) Cz, Ch& vs 63.

8.

of the right aileron of the
airplanc at several angles of
(a) €1, Cny vs Ba.

Og .

of the right aileron of the
airplane at several angles of
(a) Cl: Cha ve 53'

83 .

Figure 22.— Effect of fixed deflections of the right aileron balance
tab on the aerodynamic characgeristics of the airplanc in pitch,

Clean condition; ®,, OO;W Haon

Figure 22.— Effect of fixed deflections of the balance tab on the

effectiveness of the right aileron,

§, 070

Clean condition; oy, OO;
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Figure 3U4.,— Effect of fixed defloctions of the upper right and
lower left ruddervator on the aerodynamic characteristics of
the airplane in pitch, Clean condition;y , 0°. (a) a«, Cy, Cy

vs C1,,
Figure 34,- Concluded.(b) Cm, Cn, Chy Vs CL.

Figure 35.— Effect of fixed deflections of the upper right and
lower left ruddervator on the aerodynamic characteristics of
the airplano in pitch., Skyhook extended; ¥, 0°. (a) a, Ci, Cy

ves Cy,,
Figure 35.— Concluded. (b) Cm, Cpn, Cn, vs CL.

Figure 36,— Effect of fixed deflections of the upper right and
lower left ruddervator on the aerodynamic characteristics of
the airplane in pitch., Dive brako extonded; ¥, 0°.

{a} @, C1, Cy ve Cy.

Figure 36.— Concluded, (b) Cm, Cn, Chy Vs CL.

Figure 37.— Variation with deflection of the upper right and
lowor left ruddervator of the aerodynamic charactoristics of
the airplane at several angles of attack. Cloan condition;

¥, 0°. (a) Cn, Cpm, Ch, vs By.

Figure 37.— Concluded., (b) CL, Cy, Ci1, vs Bp.

Figure 38.— Variation with deflection of the upper right and
lower left ruddervator of the aerodynamic characteristica of
the %irplane at several angles of attack. Clean condition;
‘b', )‘“ . (ﬁ) Cn, CmJ Chr vs 61"

Figure 38.- Concluded. (b) Cy, Ci, vs By,

Figure 39.— Variation with deflection of tho upper right and
lower left ruddervator of the aerodynamic characterisgtics of
the alrplane at several angles of attack. Clean condition;

¥, 8°. (a) Cn, Cm, Cn, vs By,

Figure 29.— Concluded. (b) Cy, C1 vs By.
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Figure 40.- Variation with deflection of the upper right and lower
left ruddervator of the aerodynamic characteristics of the
airplane at several angles of attack. Clean condition; vy, 12°,
(a) Cns Cm, Chr vs Br.

Figure 40,- Concluded. (b) Cy, Ci vs Bp.

Figure 41.—- Variation with deflection of the upper right and lower left
ruddervator of the aerodynamic characteristics of the airplane
at several angles of attack. Clean condition; y, i
(a) Cn, Cm, Chr vs Sr.

Figure 41.—- Concluded. (b) Cy, C7 vs Oy,

Figure 42.— Variation with deflection of thc upper rizht and
lower left ruddervator of tho aesrodynamic characteristics of
the airplane at several angles of attack. Clean condition;
w8 (A0 Ea Cm, Chy Vs Op.

Figuro 42.— Concluded. (b) Cy, C1 vs By.

Figure 43.— Variation with deflection of the upper right and lower
left ruddervator of the aerodynamic characteristics of the
airplanc at secveral angles of attack. Clean condition; vy, —-12°,
(2) Cn, Cw, Chy vs Bp.

Figurc 43.— Concluded. (b) Cy, Cy vz &y,

Figure 44.— Variation with deflection of the upper right and lower
left ruddervator of the aerodynamic characterisgtics of the 5
airplane at several angles of attack. Skyhook extended; ¥, O,

(a) Cn, Cm, Chr vs By.
Figure 44,—- Concluded. (b) Cr, Cy, Ci vs Byp.

Figure 45.— Variation with deflection of the upper right and lower
lef't ruddervator of the aerodynamic characteristics of the
airplane at several angles of attack. Skyhook extended;y , 4°,
(a) Cn, Cm, Chy vs Byp.

Figure 45.— Concluded. (b) Cy, Cy vs By,
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Figure 46,— Variation with deflection of the upper right and lower
left ruddervator of the aerodynamic characteristicg of the
alrplane at scveral angles of attack. Skyhook extended; Vo 8°,
(a) Cn, Cm, Chr vs Op.

Figure 46.— Concluded. (b) Cy, C1 vs By,

Figure 47.— Variation with deflection of the upper right and lower
left ruddervator of tho aerodynamic characteristics of the
airplane at several angles of attack. Skyhook extended; ¥, —4°,
(8) Cns Cm, Chr vs Br.

Figuro 47.- Concluded. (b) Cy, C1 vs Bp.

Figure 48,— Variation with deflection of the upper right and lower
left ruddervetor of the aerodynesmic charactoristics of the
airplanc at several angles of attack. Dive brake extended; ¢, 0°,

(a) Cn; Cm; Chr vs 5r-
Figure 48.- Concluded. (b) C1, Cy, C1 vs By,

Filgure 49,— Variation with deflection of the upper right and lower
left ruddervator of the aerodynamic characteristics of the
airplane at several angleg of attack., Dive brzke extended; y, 4%,

(a) Cn, Cm, Cny ve By.

Figure 49,— Concluded. (b) Cy, Cy vs dp.

Figure 50,— Variation with deflection of the upper right and lowor
left ruddervator of the aerodynamic characteristics of tho
airplane at several angles of attack. Dive brake extended; ¥, 8°,
(2) Cn, Cm, Cny vs &r.

Figure 50.— Concluded. (b) Cy, Ci vs Bp.

Figure 51.— Variation with deflection of tho upper right and lower
left ruddervator of the aesrodynzmic characteristics of the
airplene at several anglos of attack. Divo brake cxtended; ¥, —4°,

(2) Cns Cm, Chr vs Sr.

Figure S51.— Concluded, (b) Cy, Cy vs &p.
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Pigure 52.— Varistion with deflection of the upper right and
lower left ruddervator of the aerodynamic characteristics of
the airplane at several angles of attack. Dive brake extended;

¥, 8. (a) Cp, Cpy Cp_ Vs By
Figure 52.— Concluded. (b) Cy, C; vs 5.

Figure 53.- Effect of fixed deflections of the upper right and
lower left ruddervator on the aerodynamic characteristics of
the airplane in yaw. Clean condition; ay, 0°. (a) Cn, Cm, Chy
vs V.

Figure 53.— Concluded. (b) Cys Cy Vs V.

Figure 5hk.— Effect of fixed deflections of the upper right and
lower left ruddervator on the aerodynamic characteristics of
the airplane in yaw. Clean condition; ay, 6°. (a) Cpn, Cm, Chy, vs ¥.

Figure 54.~ Concluded. (b) Cy, C; vs ¥.

Figure 55.— Effect of fixed deflections of the upper right and
lower left ruddervator on the aerodynamic characteristics of
the airplane in yaw. Skyhook extended; a,, 0°. (a)Cpn, Cm, Chy vs V.

Figure 55.— Concluded. (b} Cy, C; vs y-

Figure 56.- Effect of fixed deflections of the upper right and
lower left ruddervator on the aerodynamic characteristics of
the airplane in yaw. Skyhook extended; a,, 6% seiln) C,s C
Chr vs 11!.

m’

Figure 56.— Concluded. (b) Cy, C; vs y.

Figure 57.— Effect of fixed deflections of the upper right and
lower left ruddervator on the aerodynamic characteristics of
the airplane in yaw. Dive brake extended; a«,, 0°. (a) C,, Cp,
Chr vs \l].

Figure 57.— Concluded. (b) Cy, C; vs y.

Figure 58.— Effect of fixed deflections of the upper right and
lower left ruddervator on the aerodynamic characteristics of
the airplanc in yaw, Dive brake extended; Qs 6. (a) Cn, Cm»

Chr \ER'E
Figure 58.- Concluded. {b) Cy, C; vs ¥.
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Figure 59.— Effect of fixed deflections of the upper right ruddervator
balance tab on the aerodynamic characteristics of the airplane in
pitch, Clean condition; ¥, 0°, (a) &r, 0°.

Figure 59.— Continued. (b) By, -16°,

Figure 59.— Concluded. (c) &, 8°.

Figure 60,— Varistion with defloction of the upper right and lower
left ruddervator of the aerodynamic characteristics of the
airplane with various fixed deflections of the uppor right
ruddervator balance tab. Clean condition; ay, sy O .

Figure 61.— Variation of the aerodynamic characteristics of the
airplanc at several angles of attack with defleoction of the
complete ruddervator system operated for pure elevetor action.
Clean configuration; y, 0°.

Figure 62.— Variation of the acrodynamic characteristics of the
airplane at several angles of attack with deflection of the
complete ruddervator system operated for pure rudder action,
Clean configuration; y, 0°. (a) Cn, Cm, Ch, vs .

Figuro 62,- Concluded. (b) Cy, Cy vs By,

Figure 63.— Variation of the acrodynamic characteristics of the
airplane at several angles of attack with deflection of the
complete ruddervator system operated for pure rudder action,
Clean configuration; y, 4°. (a) Cn, Cm, Chy vs Or.

Figurc 63,.— Concluded. (b) Cy, C3 vs bp.

Figure 64,— Variation of the aerodynamic characteristics of the
airplane at several angles of attack with deflection of the
complete ruddervator system operated for pure rudder ection,
Clean configuration; ¢, 8°. (a) Cn, Cm, Chy Vs Sr.

Figure 64,— Concluded. (b) Cy, Cy vs Bp.

Figure 65.— Variation of the aserodynamic characteristics of tho
airplane at several angles of attack with defloction of the
complete ruddervator systom operated for pure rudder action.
Clean configuration; ¥, 12°. (a) Cn, Cm, Ch, vs Op.
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Figure 65.~ Concluded. (b) Cy, Cy vs dy.

Figure 66.— Sumary of the directional stability characteristics of
the airplane from tests of 20 modifications made in the investi—
gation of the skyhook directional stability problem.

(2) Modifications 1 to &4,

Figure 66.— Continued. (b) Modifications 5 to 8.

Figure 66.— Continued. (o) Modifications 9 to 12.

Figure 66.— Continued. (d) Modifications 13 to 16,

Figure 66,~ Concluded. (e) Modifications 17 to 20,
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Figure [- Sign convention for the standard NACA
coefficients. All forces, moments , angles, and
conirol surface deflectlons are shown as positive.
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A-12701

(a) Alrplane with stall control vanes (Ps).
Figure 5.— View of the installation of the McDonnell XP-85 airplane in
the Ames 40— by 80—foot wind tunnel.
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(b) Airplane with stall control vanes (P») and the dive brake extended.

Figure 5.— Concluded. CONFIDENTIAL

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
AMES ALRONAUTICAL LABORATORY, MOFFETT FIELD, CALIF
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