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NATTONAL ADVISORY COMMITTEE FCR AERONAUTICS

BESEARCH MEMORANDUM
for the
Bureau of Aeronautics, Navy Department
WIND-TUNNEL INVESTIGATION OF A 1/5-SCALE
MODEL OF THE RYAN XF2R AIRFLANE

By Park Y. Wong

SUMMARY

Wind—tunnel tests on a 1/5-scale model of the Ryan XF2R airplane
were conducted to determine the aerodynamic characteristics of the
air intake for the front power plant, a Genersl Electric TG—100 gas
turbine, and to determine the stability and control characteristics
of the airplane. The results indicated low-dynamic-—-pressure recov—
ery for the air intake to the TG-L00 gas turbine with the standard
propeller in operation. Propeller cuffs were designed and tested
for the purpose of improving the dynamic—pressure recovery. Data
obtained with the cuffs installed and the gap between the spinner
and the cuff sealed indicated a substantial gain in dynamic pressure
recovery over that obtained with the standard propeller and with the
cuffed propeller unsealed.

Stabiliity and control tests were conducted with the sealed
cuffs installed on the propeller. The data from these tests indi-
cated the following unsatisfactory characteristics for the air-
plane:

1. Marginal static longitudinal stability

2. Inadequate directional stability and control

3. Rudder—pedal-Fforce reversal in the climb condition

4, Negative dihedral effect in the power—on approach and
wave—off conditions
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2 CONFIDENTTAL NACA FM No., ATE26

INTRODUCTION

At the request of the Bureau of Aeronautics, Navy Department,
tests were conducted on a l/5~scale model of the Ryan XF2R airplane
in the Ames Aeronautical Laboratory 7— by 10-foot wind tunnel No, 2.
The XF2R airplane was designed primarily for the development of the
cowl for the front power-plant installation, a General Electric
TG—100 gas turbine. The turbine and the resultant cowl design were
intended for incorporation in a later airplane. Therefore, the
primary purpose of these tests was to determine the aerodynamic
characteristics of the air-intake system for the TG -100 gas turbine.
These tests included measurements of the dynamic pressure recovery
in the ducting system, the cowl pressure distribution, and the
velocity distribution at the simulated entrance to the TG--100
turbine.

Since relatively few XF2R airplanes were to be constructed,
stability and control tests were considered to be of secondary
importance. Only a limited investigation was made of the
longitudinal-, directional—, and lateral-stability and —control
characteristics of the model to reveal any unsafe or undesirable
handling characteristics that might be present in the airplane.
Some comparisons were made of the predicted characteristics of
the XF2R and the FR-1 to facilitate a comparative analysis based
on the known handling qualities of the FR~1 airplane.

DESCRIPTION OF MODEL AND APPARATUS

The RYAN XF2R airplane, a single~place, low-wing, carrier-
based, fighter-type aircraft with a fully retractable tricycle
landing gear, differs from the FR-1 airplane only in the front
power plant. The Wright R-1820 reciprocating engine of the
FR~-1 is replaced by a General Electric TG-100 gas turbine
accompanied by a resultant modification in cowl and propeller
design. The rear power plant, however, remains a Generel Electric
I-16 jet motor located aft of the cockpit, supplied by air from
leading-edge wing ducts and exhausting out the rear of the fuselage.
A three-view drawing of the airplane is presented in figure 1.

The basic physical characteristics of the airplane and the config—
uration notation used in these tests may be found in appendixes A
and B, Photographs of the model mounted in the tunnel in various
configurations are presented in figures 2 to L, inclusive.
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A 110-horsepower electric motor was utilized to drive the
four-blade model propeller (Aeroproducts H20--156-28) used in these
tests. Photographs of the model propeller with and without the
cuffs installed are presented in figures 5 to 7. Presented in
figure 8 are the geomctric characteristics of the propeller and of
the propeller cuffs developed. Ordinates for the blade cuffs are
presented in table I, The aerodynamic characteristics of the
propeller with and without cuffs, as determined on the 1/5~scale i
model, are presented in figure 9 for maximum power oubput (1800
bhp) of the TG—100 unit.
L4
The quantity of air flow through the cowl entrance was

controlled by an air pump located outside the test chamber and

was determined by means of an ASME standard S5-inch—diameter orifice—
metor located in the air pipe. A pressure rake containing U4 total
pressure tubes and 4 static pressure tubes was located in the model
at the position corresponding te the entrance to the TG—-100 gas
turbine. The pressures were measured by an averaging manometer
from which the average pressure loss in the cowl ducting was deter-
mined. Similarly, air flow through the oil-cooler duct on the
underside of the cowl was measured with a pressure rakc consisting
of nine total pressurc and three static prossure tubes. The rate

of air flow through the oil-cooler duct, however, was adjusted by
varying the oxit area at the rear of the fusclage. The relative
location of thc rakes may be seen on figure 10, which is a sketch

of the model showing the various pressure—tube locations and the
numbering system employed in identifying these tubes. A detail
drawing of the tube locations in the cowl reke is given in figurc 11.
Photographs of the model showing the pressure orifice locations are
presentod in figures 12, 13, and 1k,

TESTS AND TEST METHODS

The air-flow tests, which included measurements of dynamic—
pressure recovery, pressure distribution, and velocity distribution,
were conducted with the model having the flaps and gear retracted,
tail off, and with the exit pipe for the cowl air installed on the
under side of the fuselage. (See fig. 2 for a photograph of the
model in this configuration.) To simulate flight conditions, various
inlet-velocity ratios at the cowl cntrance were obtained by the
adjustment of the air—pump output and the tunnel airspeed. DPresented
in figure 15 is the predicted variation of cowl inlet-wvelocity ratio
with free—stream velocity as furnished by the Ryan Aeronautical
Company for the XF2R airplans. The variation of 1ift cocfficient

CONFIDENTTAL
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with geometric angle of attack? as measured for the model in this
series of tests is presented in figure 16.

For all stability and control tests, the TG~100 gas turbine
Jet—-exhaust outlets on both sides of the fuselage were plugged and
faired. Tuft studies indicated this advisable, since air bleeding
through the cowl and out the side exhaust channels had an adverse
effect on the air flow over the wing. Accordingly, to provide air
flow through the cowl, the cowl air was allowed to discharge from
a 3-inch-diameter hole on the underside of the fuselage.

(See fig. 17.) This did not produce an appreciable flow disturbance.
The air from the olil cooler and wing ducts was exhausted out the
rear of the fuselage. For the stability and control tests, the oil-
cooler inlet~velocity ratio was about 0.9 and the cowl inlet—velocity
ratio was about 0.7.

Propeller calibrations were made at 0° angle of attack, and no
corrections were applied to the thrust coefficients for differences
in model attitude or configuration. Presented in figures 18 and 19
are the variations of thrust coefficient with 1ift coefficient and
airplane velocity for various power conditions as furnished by the
Ryan Aeronautical Company.

Constant power polars were obtained by testing +the model throughout
the angle-of-attack range at various values of Tc and crogs-plotting
the results for the power condition desired. Full-scalo flight
conditions matched in directional-stability and—control tests are
listed in table II.

SYMBOLS, COEFFICIENTS, AND CORRECTIONS

All results are presented as standard NACA coefficients and are
corrected for tares, tunnel-wall interference (refbrence 1) and
stream inclination, All coefficients are referred to the wind axis
with the exception of the rolling and pitching-moment coefficients
C;" and GCy', which are given about the stability axis. The
coefficlents used are defined as follows:

oL 1ift coefficient llf€>

Cp drag coefficient K\draé)

lUncorrectod for tunnel-wall effects and stream inclination.

CONFIDENTTIAL
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Cy lateral force coefficient (l tera;;l;. force
aq;

Cpy pitching-moment coefficient <p;;b_9_lgg‘g,gg@gn_t_>

gqse
Cm’ pitching-moment coefficient about the stability axis
pitching moment
gSc
i N\
Cp yawing-moment coefficient Jawing moment
qSh
Cy!t rolling-moment coefficient about the stability axis
/rolling moment
K gSb
l A -
Cn elevator hinge-moment coefficient / elevator h}—nge moment
& AN gbeCo2
/ 3 :
Chr rudder hinge-moment coefficient | md’der hl_rigg moment)
qbrCy
. /v
J propeller advance ratio l\;ﬁ
; AN
T,  thrust coefficiont ! ZEUSt
\pV2D2
Cip thrust coefficient l/ .13_1.1_.1‘1_1§_E>
\ pn®D*
/ power
C ower coefficient [ =—m—m
b P \_pn®D> >
1 %E— dynamic—pressure—recovery coefficient
o)
P pressurc coefficient / Lp
\ do
where
4o free—~gtream dynamic pressure (%pv2), pounds per sguare foot
S wing area, square feet
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wing mean aerodynamic chord, feet

wing span, fest

clevator span, foet

elevator root-mean-square chord aft of hinge line, feet
rudder span, feet

rudder root-mean-squarce chord aft of hinge line, feet
mass density of air, slugs per cubic foot

airspeod, feet per sccond

propellcr diameter, foet

propellor-blade width, foet

propeller~blade thickness, feet

propeller speecd, revolutions per second

pressure differcential between the frec—stream static and the
local static pressurcs, pounds per squarc foot

local dynamic pressure as determined by the individuwal rake
tube readings, pounds per square foot

total head loss, pounds per square foot

In addition to the coefficients defined, the following symbols

are utilized in the presentation of results:

o

Oy

anglc of attack of ths fuselage reference line correccted for
stream inclination and tunnel-wall effects, degroes

uncorrected angle of attack of the fuselage reference line,
degrees

angle of yaw measured from the plane of symmetry, degrees

propeller-blade angle, degrees

elevator deflection, degrees
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Op ruadder deflection, degrees

iy tail incidence, degrees

Moment coefficients are presented about a center of gravity
located at 18.3 percent of the mean aerodynamic chord aft of the
wing leading edge and 2.06 percent of the mean aerodynamic chord
above the fuselage reference line. This is the predicted center—
of-gravity location for the airplane with wheels up and a normal
gross weight of 10,450 pounds. Various center-of-gravity locations
with corresponding weights of the airplane are listed in table III.

RESULTS AND DISCUSSION
Air-Flow Tegts

Dynamic-pressure recovery.— The results of the dynamic-—pressure—
recovery tests are presented In figures 20 to 29, inclusive.
Figure 20 presents data obtained with the propeller removed at
several values of cowl inlet-velocity ratio with varying angle of
attack. The oil-cooler inlet—velocity ratio for these tests was
approximately 0.9. Variation of oil-cooler inlet-velocity ratio
on the pressure recovery at the entrance to the TG—~100 unit was
found to be negligible. These data indicate that for the airplane
at speeds above 150 miles per hour (au less than 4°) the effect of
angle of attack on the dynamic pressure recovery will be small. For
speeds below 150 miles “per hour to the stall (ay greater than 4°),
the pressure recovery drops off 10 to 20 percent of the free—stream
dynamic pressure. It is also noted from these data that the peak—
pressure recovery of about 82 percent occurs at a cowl—inlet—
velocity ratio between 0.7 and 0.8; whereas Th-percent recovery is
obtained at 0.4, the inlet-velocity ratio for high-speed flight.

Presented in figure 21 is the variation of dynamic-pressure-
recovery coefficient with cowl—inlet-velocity ratio for the propeller
operating under conditions simulating high-speed flight. With the
standard propeller, an additional 12— to 30-percent loss in dynamic
pressure is obtained over that measured with the propeller removed.
Since the dynamic-pressure recovery for high-speed flight
(Vi/vo = 0.4) with the standard propeller is only 58 percent of the
free-stream dynamic pressure, the predicted high-speed performance
of the airplane will be impaired considorably. Consequently blade
cuffs were designed for the propsller to improve the dynamic-—
pressure—recovery characteristics in the cowl. Data for two

CONFIDENTIAL



8 CONFIDENTIAL NACA RM No. ATE26

conditions of the cuffed blades are also presented in figure 21.
With the cuffs installed, but with a small gap between the spinner
and the base of the cuff to allow clearance for blade-angle changes,
a considerable gain 1s experienced over results obtained with the
standard propeller., Additional gain is obtained with the cuffs
installed and the gap sealed making the dynamic-pressure recovery -
greater with the propeller on than with the propeller off. However,
the peak—recovery-pressure coefficient of 0.82 occurs at an iniet—
velocity ratio of 0.7, and at the high-speed inlet-wveloclty ratio
(0.4) the dynamic—pressure-recovery coefficient is only 0.76.

To determine the effect of propeller parameters on the pressure
recovery in the cowl in the high-speed flight range, measurements
were taken for propeller-blade angles of 500, 55°, and 60° at a
constant thrust coefficient T, and for various thrust coefficients
at a constant blade angle. These results, summarized in figures 22
and 23, indicate that the effect of these parameters in the high-
speed-flight range is ninor.

Various flight conditions were investigated throughout the covwl
inlet velocity and angle-of-attack range. Dynamic—pressure—recovery
data for the following flight conditions are presented in the figures
indicated.

: : P Cowl- |
Condition 'Airplene | Propeller 'Thrust ' inlet— | Angle | Figure
velocity | blade coeffi— 'velocity ' of ' number

(mph) angle clent, i ratio, attack!

| ~ (deg)  Tg 1 Vi/Vo | (deg)

‘ o 1 T ; @
High speed ; L45 ; 55 1 0.01 POk E - 1.5 21, 24
Climb P25 b5 10,07 ¢ 0.7 . 1.0/ 25, 26
Teke—off | ™ 3% 100 . 2.0 | 1.0} 27, 28

| : b : - 10.0 |

For each condition investigated, a considerable gain in dynamic—
pressure recovery is obtained with the propeller cuffs installed and
sealed.

Figure 29 presents a summary of the dynamic—pressure~recovery
data for maximum TG-100 power utilizing information presented in
figures 9, 15, and 16. These data indicate that at 1450 miles per hour
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an additional 15-percent loss in dynamic—pressure recovery is
incurred with the installation of the standard propeller over that
obtained with propeller removed. The addition of the propeller cuffs
with the gaps unsealed regains 11 percent of the dynamic—pressure
recovery and sealing the gaps regains another 6 percent. This gives
a dynamic—pressure recovery of 75 percent which is 2 percent better
than that obtained with propeller removed.

It is doubtful that any further gain could be obtained utiliz—
ing the pumping action of the cuffs at the high-speed blade angles.
However, the peak recovery pressure (as shown in fig. 22) occurs
at an inlet-velocity ratio of approximately 0.7 and the high-speed
inlet—velocity ratio for the exigting cowl is 0.4, Since it is more
important to have a high pressure recovery for high-speed flight,
better pressure~recovery characteristics throughout the high-speed
flight range may be obtained by increasing the cowl velocity ratio
at a given airplane velocity. It is believed that by reducing the
cowl—entrance area, thus increasing the inlet-wvelocity ratios, an
increase in dynamic—pressure recovery may be obtained for the high—
speed Tlight condition with the cuffed propeller sealed. ZEstimated
values for a 40-percent reduction of entrance area, not considering
any change in internal ducting efficiency, are shown in figure 29
for the propeller with sealed cuffs.

It should be pointed out that the cuff developed for these tests
has a high thickness ratio at the spinner surface (h/b! = 0.32) which
1g the minimum possible because of the propeller—shank thickness. TIn
high~speed flight, greater pressure losses than those indicated by
the data are expected because the flow Mach number at the cuff will
exceed the critical value for the cuff sections. Therefore, a
propeller design with thinner root sections should be considered.

Cowl pressure distribution.-— The pressure—-distribution data are
presented in the form of pressure coefficient versus distance® in
inches from the cowl leading edge. The term "pressure coefficient"
1s defined as Ap/qo where Ap 1is the pressure differential between
the free—stream static pressure and the local static pressure, and
do 1s the free-stream dynamic pressure. The pressure coefficient

3 .
This distance is measured normal to the plane of the cowl leading
edge with distances toward the tail considered positive and those
toward the nose considered negative,
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is negative when the local static pressurc is less than the froc—
gtream static pressure.

In tho presentation of the data, the cowl is divided into six
scctions as follows (fig. 10):

1. Upper center line, tubes 54 to 57 and 123 to 135.

2. Lower center line, tubes 86 to 101.

3, Spinncr fairing, upper, tubes 65 to Th.

L., Spinncr fairing, lower, tubcs 58 to &k,

He 0Oil-cooler fillict, tubes 102 to 122.

6, 0il coolor, upper center line, tubes 49 to 53 and 75 to 85.

The flagged symbols, as uscd in the presentation of results, indicate
the pregsure coefficicnts of the internal surfaces.

Preogsure—-distribution data for thoe model in various configu—
rations and power conditions are prosented in figures 30 to 35,
inclusive. Figure 30 prescnts the effect of cowl inlet-wvelocity
ratio on the pressurec distribution over the various scctions of the
covl with the propeller removed at -1.5% angle of attack., All
external pressurc distributions appear to be satizfactory with tho
oxception of a prossurc peak over the oll—cooler fillet leading edgs.
This is duc to a flat spot (fig. 13) at thc lcading cdge of tho
Juncture of the oll-cooler duct and the cowl. INo attompt was made
to alloviato this prossure peak as the model is not an cxact dupli-
cate of the prototype airplanc at this point. The high negative
prossure coafficionts occurring on the interior of the ducts at
high inlet-velocity ratios are not detrimental to flow over the
extornal surfaces. Figure 31 prosonts the effect of the variation
of oil-cooler inlet~vclocity ratioc with propeller off, a cowl inlet
velocity of 0.4, and —1.5° angle of attack.

The offect of various propeller modifications (figs. 5, 6, and
7) is presonted in figure 32 for the model in the high-spoed
condition (B = 55°, Tc = 0.01, Vi/Vo = 0.4, and «, = ~1.5°).
Thesc data indicate that the effect on the external surfaces is
small, while, for the intornal surfaces, the installation of the
gealod cuffs increases the pressure cocfficient positively, result-
ing in a favorable reduction in intermal recovery losses.

CONFIDENTIAL
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The effects of angle of attack and cowl—inlet—velocity ratio
on pressure distribution are proscnted in figurcs 33 and 3L,
respoectively, for the modcl in the high-spced condition with sealed,
cuffed propeller. These data show no undesirably high pressure
peaks. The effect of small variations of cowl inlot velocity on
extornal pressure distribution is negligibly small, while, internally,
the pressurc coefficient decreases with increasc in inlet—velocity
ratio.

Presented in figure 35 is a comparison of the pressure distri-
butions for the model in the high-speed, climb, and take-—off
conditions. Thoese data were obtained for the propcller with sealcd
cuffs.

Velocity distribution.- Velocity—distribution studies at the
simulated entrance to the TG-100 gas turbine were made for various
model configurations and flight conditions., The results for the
high—spoed, climb, and tako—off conditions for various propeller
configurations are presented in table IV in the form of local
dynamic--pressure cocfficients at the various tube locations of the
pressurc-measuring reke. The local dynamic—pressure cocfficlent
qL/qO ig defined as the ratic of the local dynamic pressure to the
free—gtream dynamic pressure. The local dynamic pressurc was
determined from the local total pressure indicated by the individual
total-pressurc tubes and the avorage static pressurc in the duct as
indicated by an average of the four static prossurc tubos.

Acrodynamic characteristicsg in pitch.— The longitudinal aero—
dynamic characteristics of the Ryan XF2R model with various configu--
rations are presented in figures 36 to 42, inclusive.

Figures 36 and 37 present the effect of powor on the character—
istics of the model with flaps deflected MOO, gear oxtended, and with
flaps and goar rotracted. Predicted variations of the stick-fixed
noutral'—-point3 location with 1ift coefficient (detormined from
figs. 36 and 37) arc prosonted in figures 38 and 39 for various power
conditions, flaps and gear deflccted and retracted. Figure 38 indi-
cates that the airplanc with flaps deflected 40° and gear extended
will be stable in the landing condition (T, = 0) and in the approach
condition with 4O-percent maximum power but will only be marginally
stable at 1ift coefficicnts above 1.0 with maximum power at the most
aft center—of-gravity location. As indicatcd in figure 39, the

sCom.putod by method of reference 2.
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airplane will be stable in the glide condition (T, = 0) with flaps
and gear retracted, but only marginally stable with maximum contin-
uous power at the most aft centsr—of-gravity location for lift
coefficients above 0.6. Above Cp, = 1.1 (fig. 38) and Cp, = 0.6
(fig. 39), an aft movement of the neutral point was noted for the
respective conditions. This rearward shift in neutral point is
rrobably due to the change in downwash associated with the slight
reduction in the lift-curve slope for these conditions. It is
possible that the reduction in lift-curve slope and hence the aft
movement of the neutral point may not occur for the airplane at
full-scale Reynolds number,

The effect of elevator deflection on the aerodynamic character—
istics is presented in figures 40 and 4l for the model in the flaps
409, gear—extended, and in the flaps— and gear-retracted conditions,
respectively. These data weres obtained with the normal horizontal
tail incidence of 1. 5 and at zero thrust coefficient. Also shown
in figure L1 is the effect of the removal of the propeller cuffs.
Presented in figure 42 is the effect of elevator deflection on the
acrodynamic characteristics of the model W1th 10laps deflected L40O°,
goar extended, horizontal-tail incidence at 6.4° , and at gero
thrust coefficient. The increase in tail incidence aprroximates
the change in angle of attack of the tail in the prescnce of the
ground. These figures indicate that the airplane should possess
adequate clevator control for the normal center—of-gravity location.
It is ostimated® that approximately 25° up-elevator deflection is
roguired for landing with tho center of gravity located at 18.3
percent M,A,C., The slovator hinge moments are not applicable in the
computation of stick forces for the airplane as the elevator balance
goal of the XF2R was not duplicated on the 1/5-scale model.

Acrodynanmic characteristice in yaw.~ The directional, lateral,
and longitudinal characteristics of the model in yaw are presented
in figures 43 to 48, inclusive. Data for the high-spcod, climb, and
glide conditions® were obtained with a propellor-blade angle of h5o
and the model with flaps and gear retracted; whereas data for the
power—off approach, the powor—on approach, and the wave—off conditions
were obtained with a propeller—blade angle of 35° and with flaps and
gear cxtonded. Two blade-angle settings were used to simplify test-
ing, as exact simulation of the variable-pitch~proneller conditions

4By method of refercnce 3
®See table IT for matched power conditions.
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through the speed range would require a different blade-angle
setting for each power condition.

The directional characteristices of thce model in the high—speed
condition are presented in figure 43(a). The data indicate a low
value for the directional stability of the XF2R airplane. The static
directional~stability parameter d&Cp/dy is —0.00065 as compared
with —0.00165 for the FR-1 airplane. (See reference 4.) Also shown
is the effect of propsller cuff removal, which increased an/dw
to —0.00085, yielding a net gain of —0.0002. Figure 4li{a) presents
the directional characteristics of the model in a simulated maximum
power climb. The occurrence of a rudder-pedal-force reversal® is
evident for the airplane at positive angles of yaw. The data also
indicate that the airplane does not balance with more than 18° left
rudder and 22° right rudder for the yaw range investigated.
Presented in figurc 45(a) are the directional characteristics of
the model in the simulated glide condition which appears marginally
satisfactory.

The directional characteristics of the model for the power—off
approach, the power—on approach, and the wave—off conditions are
prosented in figures 46(a), 47(a), and 43(a), respeotively. A
lightening of the pedal force beyond 30° right rudder is noticed for
the power—off approach condition. For the power-on approach, the
data indicate that the airplane will not balance with more than 170
left rudder and 33° right rudder. Figure 48(a) shows that the air—
plane will not balance beyond 8° left rudder in the wave—off
condition.

The angle of left sideslip available AB; Dbeyond the angle of
sideslip for wings level Cy = 0 = C, and the incremental yawing—
moment coefficient available AC, at the angle of sideslip for wings
level can be uged as an indication of the rudder control eoxisting
for the critical power—on approach and wave—off conditions of
figures 47 and 48. Marginal, if not inadequate, rudder control is
available for the airplane in both these flight conditions. A
comparison of the rudder control available for the XF2R airplane
and the FR—1 airplanc {obtained from reference 4) under similar

8Indicated by the variation of Cp, with ¢ at Cp = O.
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flight conditions 1s given in the following table:

Power-on Wave~—off
Rudder iy :
deflection approach condition condition
3 d
Airplane (deg) AP, ACp APy, Dcn
(deg) (deg)
- 5
XFoR 35 L1 ¢.01% 1.0} 0.004
=30 3.6 0.012 0.6 |~0.003
FR--1 -30 6.5 0.017 2.6 0.010

As indicated by the preccding data, the airplane will possess
unsatisfactory directional-stability and -control characteristics.
It is believed that the installation of a considerably larger dorsal
fin will Improve the directional characteristics of the airplane in
the various power conditions.

Lateral-stability characteristics of the model in the high-speed,
climb, and glide conditions are presented in figures 43(b), Li(Dp),
and 45(b). As indicated by these data, the airplane will possess
positive lateral stability in these conditions. For the high-speed
condition, the parameter dCz'/dJy is 0,0012 as compared to 0.001k
for the FR-1 airplane. (See reference 4.) Prosented in figures 46(b),
L7(b), and 48(b) are the lateral-stability characteristics of the
model in the power-off approach, the power—on approach, and the
wave—of'f conditions. Lateral instability is revealed for the power—
on—-approach and wave-off conditions. The following table includes a
tabulated comparison of dCz'/dW for the XFZ2R and FR-1 airplanes.

Flight condition X1/

XF2R FR-1
Powsr—off approach| 0.0013 0.0010
Power-on approach |[-0.0001 ~0.0001
Wave—of .~0.0012 -0.0011
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CONCLUSIONS

The following aerodynamic characteristics are revealed by these
tests on the 1/5-scale model of the Ryan XF2R airplane:

Air-Flow Tests

1. Poor dynamic pressure recovery (58 percent) for the cowl
duct is indicated for the model in the high-speed condition with the
standard propeller. A gain of 17 percent in pressure recovery is
realized with the installation of the propeller with sealed cuffs.

2. The peak dynamic-pressure recovery (82 percent) occurs at
an inlet-velocity ratio of approximately 0.7 for the propeller with
sealed cuffs. Since the high-speed inlet-velocity ratio is aboutb
0.k for the existing cowl, it is believed that some increase in
dynamic—pressure recovery may be obtained by increasing the inlet—
velocity ratio at a given alrplane velocity.

3. Pressure distribution over various parts of the cowl
investigated appears to be satisfactory.
Stability and Control Tests
1. Marginal stick-fixed static longitudinal stability
2. Adequate elevator control

3. Low directional stability (dCp/dy) is ~0.00065 for high—
speed condition. )

L. Rudder-pedal—force reversal in climb condition

5. Inadequate rudder control in the power—on approach and
wave—off conditions

6. Negative dihedral effect in the power—on approach and
wave-off conditions

Ames Asronautical Laboratory,

National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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APPENDIX A
Physical Characteristics of the Ryan XF2R-1 Airnlane
[411 dimensions are full scale. ]
General
Design gross weight, 1D v 4 v v v o « v v o o o « s » » o 10,450

Overload gross weight, 1b . v v v v o o ¢ o o o o o » « o 12,563

Foel
Normal, 81 o o o o o o o o o« o o s o o o o o v 5 s s s 180
Maximum (including external tanks), #al . .+ ¢ & ¢ « o & 480

Wing Dimensions
Alrfelil section description

ROOL v v o e « o o o o o o o o o o« o - NACA 65,2-117

TID o o v o 6 o 6 o 6 o s 6 o o o & NACA 65,2-115, a = 0.5

]

Total wing area, 8¢ £4 . &+ o ¢ o ¢ o o o o s o s s 5 s & @ 275
Chord
ROOL, INy 4 4 & o o o 5 5 2 o o 6 s o 5 ¢ 5 o s o o o s 11z
TiD, 0e o % o o o o s o o o o s & 6 8 4 e o s e e s . 56

Moan acrodynamlic, If. .+ v o 4 o o v o s o ¢ o ¢« o o « o« O7.55

Span, T v o 4 o o o o o o s o o o s o o s 4 6 o s 0 4 o s 40
Incidence at x00bt, dEE =+ o o « o o o s o o s 3 s 2 s 4 & s 1
Twist, dOG o v + o & ¢ 4 o o o s o s o s s o o o 8 o s & o 0
Dihedral

Center gection, d88 « + » « o s o o 5 o o o+ s s s s s o » O
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OQuter panel, deg . « « o« o s s o 2 & o ¢ o o s a & o o o 'T%
Sweepback of leading edge, 88 » ¢« » o o« ¢ o o o o 5 o » = 0
Horizontal Tail
Airfoil section + o o o « & o « « . . o JNACA 65,2-015 (modified)
SPAN, + o ¢ o o o o o s o e o s s s s s s e e e e .. 17Ft 6 in.
BEPa, SQ F5 ¢ v 4 o e o o s 4 b e e s e s e e e e e s s s . 68,85
Aspect ratio . . ; O 5]
Taper YAt10 o v ¢ o o o o o o o 5 s s o s o o & o 2 s o o o LD
Elevators
Span (68CN), TE v v v v o 4 o 4 o s o e o o e s e e e T.85
Chord
Percent stabilizer chord, . « « + v v & s o o o a o o » & 35
ROOt—Mmean—square, £ . o o o o o o« o o o s o & o » « + 1.365
Area, 8Q F5 v v v 4 4 o 4 e w e e s e e e s e e e e e .« 20,8k
Balance
TIPS o o o o ¢ ¢ o o o o a s » s s o o o o« o Sealed internal
Chord (percent elevator chord) . « + « « « « . . 45 (approx.)
Angular displacement
Down, 88 o & o « o o 4 o o o ¢ e s o s o s » o o = 12.5
Up, d88 v o o v o o o o o o o 2 s s s s o s s o o & s 27.5

Total, ABE « o « « « « o« o o+ o o o o o » o s o ¢« o « » 40,0
Vertical Tail
Airfoil section NACA 63,2-012 (modificd)

CONFIDENTTAL
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SPAN, TH ¢ v 4 ¢ v v o o o o e e e e e e e e e e e .. 6,72
Area, B8Q TE v v v o o o o o 4 o o e e e e e e e e e ... 3185
ASPECE TEEIO + v v v v 4 v e e e e e e e e e e e e e e s . L1U5
Tapel YAEIO « v v o a o o o v v 6 o o 6 4 s e e e .o« . 2.83:1
Rudder
SPAN, TE v v v v v e e e a e e e e e e e e e e .. 508
Chord
Percent fin chord, e e e e e e e e s . . 28 tol8.3
Root-mean~square, f£ . o« « » o« o o » + o o o o « o o » 1,490
Aroa, S Tt v v & v v 4 o 4 4 e e e e e e s e e e e e 8,69
Balance
TYDS « o o o o o o s s o s a o o 5 s o s o o s o s Overhanginé
Chord (percent rudder chord) .+ + o « « o o o o o o » o 27.9
Angular displacement, deg . « o o« s « « o o o o .0 s s s » 30
Aileron
TYDE « o o o o o s o o s s s o o o « » Internal sealed balance
= W T.46
Chord (aft hinge line),percent wing chord 17
Area (aft of hinge line), 8¢ ft . + ¢ ¢ + ¢ « o « + « - . 12.8
Flayps
TYPE ¢ & o o o 2 o o o 2 o« s « « » » « WACA single-slotted flap
Chord . ¢« o v o v o v o o o o s » s o 25-~percent wing chord

Span of imner F1lap « + & + o ¢ 4 4 4 4 4 4 e . . . o b Ft6Lin.
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Span of outer flap .

Total area, sq ft ., .

Travel, deg . . . . .
Landing gear

TYDES ¢« ¢ ¢ o v o o o

Ground angle of thrust line,

Power plant
Forward engine ., . . .
Gear ratio . . . . .

Rear engine . . . . .

Propeller
Type o« ¢ ¢ v ¢ & o o &
Hb .. .. .. ...
Blade . . . . . . ..
Number of blades . .
Diameter . . . . . .
n/b at 0.75R . . .

Activity factor . . .

9

.

®

CONFIDENTTAL 19

b £t 8% in.

) ¢ @ e @ s ® & o o B B O

30.25
Lo

e & o 2 @ ®* e

1

degZ ¢ 4 e s s e s e s s e s

. . General Electric TG~100 gas turbine

0.0881

- s o s . ° 13 ® e s 9 e & e » »

. General Electric I-16 (centrifugal
compressor type J.P.M.)

Aeroproducts

s o s & e ° s o @ a o & o

A5Lo-X

+ @ ° e B e o * e o e & o o 3

H-20-156-28M

o a > » e . e o - e o o

. Four

3 & & o ® e & s e e s o . s » s 9

10 £t 8 in,

* o . L * e s o s o s

. . 0.0712

L] © s @ . * s @ » e e s 4 -

137.4

.« o o = ¢« @ e« 9 c e ° L
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APPENDIX B
CONFIGURATION KEY

1/5-SCALE MODEL OF THE RYAN XF2R AIRPLANE

W Wing (with duct entrances)
B Bare fuselage
K Cockpit enclogure

Xy Wing fillets

Xt Tail fillets
H Horizontal tail with internal--sealed-balance elevators
v Vertical tail

fp Dorsal fin

FO 0° flap deflection

F4©  L0° flap deflection

S | Standard configuration = WBK{HVX{fpF°
G Tricycle landing gear down

Ex  Exit pipe{TG-100 unit)

P Standard propeller

Pl Propeller + cuffs (unsealed)

» Propeller + cuffs (sealed)
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TABLE I.- PROPELLER-BLADE CUFF ORDINATES,
RYAN XF2R AIRFLANE '

[ Redius station (r/R) = 0.1875]

Station Station
(Percent chord) (Percent chord)
0 0
2.5 4.80
5.0 6.56
10.0 9.00
20.0 12,14
30.0 14,00
40.0 14,82
50.0 15.00
60.0 1h4.0b
T70.0 12.00
80.0 8.83
90.0 4,80
95.0 2.60
100.0 0
T.E. radius = 0.5.

Cuff ordinates match blade ordinstes
at radius statiom (r/R) = 0.375.

Cuff contour formed of straight
constant percent chord lines
between radius stations 0.1875
and 0.375.
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TABLE IX.— TEST CONDITIONS FOR DIRECTIONAL CHARACTERISTICS OF
THE 1/5-SCALE MODEL OF THE RYAN XF2R AIRFLANE

9ZdLY ON WH VOVN

Full-Scale Airplane Conditions * Model Conditions
Alirspee 7 [ ' ‘ Propeller
Attitude | at S. L. ©Power |Flaps and c, T, oy c T, ) speed "L Fig. No.
(mph) | gear | (rmm) | (1v/sq ft)
' Military T
High- 450 ‘and Retracted 0.075 [0.013 | -1 0.09 0 ') 2000 0.5 L3
speed J.P.M.2 ‘ |
N .
Climb 156 _%mlitary Retracted 61 | .22 5 .73 221 45 k000 33.0 b
Glide 116 Zero Retracted :11.11 . 4] 10 1.11 0 k5 2000 0.5 ks
' . thrust !
: Flaps #0°
99.6 ! Zero and gear |1.30 0 8 1.50 o 35 2k00 28.7 13
~ thrust | extended :
-Approach 1
o Flaps b0% |
95.2 hog and gear - |1.64 Y 8 1.63 b 35 5000 25.0 b7
maximum ; extended .
Flaps 40° .
Wave—off | ok.8 Take—off | and gear 31.66 .69 8 1.2 691 3% %000 16.0 48
extonded i . ] ' .
iBssed on design gross weight of 10,450 pounds, .
2Jet~propulsion motor,
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TABLE III.-— WEIGHTS AND CORRESPONDING CENTER-OF-GRAVITY
LOCATIONS FOR THE RYAN XF2R AIRPLARE

9344V ON MY VOVN

Wheels dowmn ' Wheels up
_ ) Horizontal c. g, Vertical c.g. Horizontal c¢.g. Vexrtieal c.g.
Condition Weight 1 : 1 [
(1v) Aft of o From fuselage i ATt of | From fuselsage
station O | Percent H.R.L.Z station O!Percent H.R.L.2
(in.) M.A.C. (in.) ; (in.) } M.A.C. (in.)
Weight empty 832k 122,0 © 1h.8 0 123.0 16.0 1.5
. Light weight
! most forward
center—of- ' ' :
gravity 9309 121.5 14,3 -.30 22,0 14,8 1.10
{
i Light weight
most aft .
center—of- i .
gravity 10,150 126.0 19.4 1.0 126,5 | 20.0 2.3
Normal gross |
welght 10,450 124,70 17.94 .60 125.0 18.30 1.80
Overload grosa
weight 1-100
gallon auxi-
liary tank 11,151 - - - - - 126.0 19.% =2 ,00

1 Station O is 109 inches forward of the leading edge of the outer panel.

2 Horizontal reference line is the same as the thrust line of model FR-1.
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PABLE IV.- LOCAL DYNANIC PRESSURE COEFFICIENTS AT THE SIMULATED ENTRANCE TO THE
T70-100 GAS TURBIME. 1/5-8CALE MODEL OF THE RYAN XFZ2R  AIRPLANE.

oitﬁfiion Bigh speed Climb Take - off
Custed,
Fropetler| orf [standard THFTSL [ orr [standard[Cuited, | Off [Btandard Caffed, T orr Peandard | 0100
B — | 55 55 | — | % | % | — | 3 % | - | 3 35
T, e | 0,01 0.01 - | 0.07 [0.07 -— 1.0 1.0 - | 1.0 1.0
N ho.5 | 42.3 35.5 ko5 | ¥1.7 2.9 10.4 | 10,0 &.2 10,1 | 10.2 4.0
vi/Vo 0.40 | 0.39 0.%0 0.71 |[o0.69 lo.69 1.96 | 2.00 1.95 J1.9% |1.98 1.99
o | 1.5 -1.5 ) ? 2 ) 1 1 10 16 10
Tube no. |4L/do | 9L/% | 9L/9% a/9 | a/% | /% |a/% | /% | /% [9/% aL/q, a./9,
1 0.293 | 0.300 0.283 |1.063 | 0.846 | 0.988 | 7.96 8,12 7.39 6.72| 7.60 8.56
. . . .826 .90 . . qot 1.72 |- 1.9
H %g :3%8 .%%E %§§ g’%‘% §§9 ﬁg %3‘5 3.35 Zéﬁ ;.lg I3
2 ‘A8 Z; 2 R P 1426 773 7.84 8 ;Zos 7.88 [ 7.52 ;25
i 28 R R ZZ% '§2 '?i?s i’%ﬁ ¥'§§ &% 1'23 Jie ?';‘é
. . : . . ' % 1. 16| 1- :
SE I A AE AE A AL A0 AR L iR BE:
1 “3hg "358 k11 9it6 .332 .8 n .39 6.96 08| 7.n8 17
12 .2y 29 . o% .82 .786 .7 Jh2 .32 6.82 .70 .50 .22
13 353 gss 110 .95 .806 874 z.us ?.%s 7.11 2.;1 ;.zn ;.17
1 2269 “358 ‘w10 | .986 | .826 s | 6 2 g.26 6.88| 1.32 1.22
E A AN AE AR AR AR Rl AR AR
8 . 20 . .8 .72 N 7.88 . .9 1. 1. .
|| B B h m| fd | ea | TE iR | i
21 T218 %3 31 | L8k g 1259 6.81 7125 1.5 L& 7.34 1.22
Bola| @ | cE R B e fd | £8 |18t | 58
5 Ie§3 %95 372 2393 :;El 6k | 7036 | 7.02 Eﬁso 7.00| 6.20 443
HEIEIE 1 IE A A IR AR At N ae
. . . . : S9h : 06 | 1. . 1.5
33 3¢ ggf :;33 .7gu .5%2 .ggs 2.35 ;.ég §.11 %,23 ;.52 7.53
10 378 257 .262 1'016 .s{n .é;s 7.5& 7.67 .gg .;g ;.Zg 7.;g
A EEEL LR
2 . . . . . . ) ) .
NE A A Rk AE B AN AN RN Ryl BRd
% :;l9 ng :303 110%2 % llgg% ;Zg& 3111 gigz 7228 gizg a.is
312 B || e | e | e =% | Pk | En| 338 | k2
Ro .2 2h2 .2 1 .;EG . .72& z,gg » ;,%g g,gi 2'22 ?'%3 ;,gg
R -l B §§6§ 1'3§Z %7 :gug Ty ;:%i % eel 1l | 1D
33 % 5;2 1219 t %73 'g;% 2713 7.64 1.3 %276 Tlas 7.30 1.42
5 31 261 .237 976 JETh | 7.04 7.51 6.86 | 7.%2] 7.84 Z'Eg
ug 131 223 .213 a5 86 | .183 | 7.92 1.1 7.31 | 8.00f T.70 .
it 3 ok2 .22; 1.087 | .9 -998 | 8.00 1.92 6.08 | 8.00] &.00 g.40
b, .253 213 1 1.022 | .92 893 | 7.76 7.38 5.98 | 7.97| 71.70 7.32 |

NOTE; 'Tubes 2, 1, 26, and 38 are static tubes.
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FIGURE LEGENDS

Figure l.— Three-view drawing of the Ryan XF2R airplane. (Full-scale
airplane dimensions. )

Figure 2.~ Front view of 1/5—scale model of the Ryan XF2R airplane
mounted in the Ames T— by lO~foot wind tunnel for the cowl-duct
investigation.

Figure 3.— Front view of the l/5—scale model of the Ryan XFZ2R air—
plane with 40° flap deflection and landing gear extended.

Figure U.— Rear view of the l/5~scale model of the Ryan XF2R
airplane with flaps and landing gear retracted.

Figure 5.— Standard propeller on the 1/5-scale model of the Ryan
XF2R airplans.

Figure 6.— Propeller with cuffs unsealed on the l/5—scale model
of the Ryan XF2R airplane.

Figure 7.— Propeller with cuffs sealed on the l/5—scale model of
the Ryan XF2R airplane.

Figure 8.- Geometric characteristics of the aeroproducts H~20-156-28
propeller on the Ryan XF2R airplane.

Figure 9.- Asrodynamic characteristics of the aeroproducts
H-20-156-28 propeller as determined on the 1/5-scale model of
the Ryan XF2R airplane for maximum power output of the TG-100
unit.

Figure 10.~ Pressure~tube locations. 1/5-gcale model of the Ryan
XF2R airplane.

Figure 11l.— Tube locations of the pressure rake in the simulated
entrance to the TG—100 gas turbine. 1/5-scale model of Ryan
XF2R-airplane. ‘

Figure 12,— Pressure orifices atop spinner fairing and cowl.
1/5-scale model of the Ryan XF2R airplane.

Figure 13.— Pressure orifices on lower side of spinner fairing
and oil cooler on the 1/5-scale model of the Ryan XF2R
airplane.
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Figure 1lh,— Pressure orifices in the oil-cooler fillet. 1/5-scale
model of Ryan XFZ2R airplane.

Figure 15,~ Variation of cowl inlet—velocity ratio with free~stream
velocity for the Ryan XF2R airplane. {Obtained from Ryan Aero—
nautical Company).

Figure 16.~ Variation of 1ift coefficient with uncorrected angle of
attack for the 1/5-scale model of the Ryan XF2R airplane.

Figure 17.~ Detail view of the l/5~scale model of the Ryan XF2R
airplane showing the 3-inch-—diameter hole used for discharging
air from the cowl. '

Figure 18.-— Predicted variations of the lift coefficient with thrust
coefficient of the Ryan XF2R airplane with various power conditioms.
(Normal gross weight = 10,450 1b).

Figure 19.~ Predicted variations of the thrust coefficient with
velocity of the Ryan XF2R airplane at various power conditions.

Figure 20.-— Variation of the Dynamic-—pressure-recovery coefficient,
at the entrance to the TG--100 unit, with angle of attack for
various cowl—inlet—velocity ratios with propeller off. 1/5-scale
model of the Ryan XF2R airplane. (a) V;/V, = 0 to 0.8,

Figure 20.-— Concluded. (b) Vy/V, = 1.0 to 1.8.

Figure 21.~ Variation of dynamic-pressure-recovery coefficient, at
the entrance to the TG~100 unit, with cowl inlet-velocity ratio
for the various propeller modifications. Simulated high-speed
conditions.

Figure 22,— Effect of Propeller-blade angle on the variation of
dynamic—-pressure-recovery coefficient at the entrance to the
TG~100 unit, with cowl—inlst-velocity ratio for various propeller
modifications.

Figure 23.— Effect of propeller thrust coefficient on the variation of
dynamic-pressure—recovery coefficient, at the entrance to the
TG~100 unit, with cowl-inlet-velocity ratio for various propeller
modifications.

Figure 24,— Variation of dynamic-pressure—recovery coefficient, at
the entrance to the TG--100 unit, with angle of attack for wvarious
cowl—inlet-velocity ratios and propeller modifications. Simulated
high~speed conditiona.
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Figure 25.— Variation of dynamic—pressure—recovery coefficient, at
the entrance to the TG~100 unit, with cowl-inlet—velocity ratio
for various propeller modifications. Simulated climb conditions.

Figure 26.— Variation of dynamic—pressure-recovery coefficient, at .
the entrance to the TG—100 unit, with angle of attack for various
propeller modifications. Simulated climb conditions,

Figure 27.— Variation of dynamic—pressure-—recovery coefficient, at
the entrance to the TG--100 unit, with cowl-inlet~velocity ratio
for various propeller modifications, Simulated take—off conditions.

Figure 28.— Variation of dynamic—pressure-recovery coefficient, at
the entrance to the TG~100 unit, with angle of attack for various
cowl-inlet-velocity ratios and propeller modifications. Simulated
take—off conditions.

Figure 29.—~ Variation of dynamic—-pressure—recovery coefficient, at
the entrance to the TG—100 unit, with airplane velocity as
determined on a 1/5-scale model of the XF2R airplane maximum
TG~100 power.

Figure 30.— Effect of variation of cowl-inlet—velocity ratio, power—
off, ay = —1.5°, for the 1/5-scale modol of the Ryan XF2oR
airplane. (a) Upper center line.

Figure 30.— Continucd, (b) Lower center line.

Figure 30.— Continued. (c) Spinner fairing, upper. (d) Spinner
fairing, lower.

Figure 30.— Concluded. {e) Oil-Cooler fillet. (f) 0il cooler,
upper center line.

Figure 3l.— Effect of variation of oil~cooler inlet-velocity ratio,
propeller off, Vi/Vy = 0.4, o, = ~1.5° for the 1/5-scale model
of the Ryan XF2R airplane. (a) Lower center line. (b) Spinner
fairing, lower.

Figure 31.~ Concluded. (c) Oil-cooler fillet. (d) O0il cooler,
upper center line.

Figure 32.~ Effect of propeller modification with B = 550, Te = 0.01,

Vi/vo = 0.4, a,=-1.5%, for the 1/5-scale model of the Ryan XFoR
airplane. (a) Upper center line. (b) Lower center line.
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Figure 32.— Continued. (c) Spinner fairing, upper. (d) Spinner
fairing, lower.

Figure 32.—~ Concluded. (e) Oil-cooler fillet. (f) 0il cooler,
upper center lins.

Figure 33.— Effect of variation of angle of attack, ViV, = 0.k,
Te = 0.01, B = 55° cuffs sealed for the 1/5-scale model of the
Ryan XF2R airplane. (a) Upper center line. (b) Lower center
line.

Figure 33.~ Continued. {c) Spinner fairing, upper. (d) Spinner
fairing. lower.

Figure 33.— C oncluded. {e) Oil-cooler fillet. (f) 0il cooler,
upper center line.

Figure 34.— Effect of the variation of cowl inlet-velocity ratio,
B = 55° with cuffs sealed, T, = 0.0l, «, = —1.59, for the
1/5-scale model of the Ryan XF2R airplane. (a) Upper center
line. (b) Lower center line.

Figure 34.— Continued. (c) Spinner fairing, upper. (d) Spinner
fairing, lower.

Figure 34.— Concluded. (e) Oil-cooler fillet. (f) 0il cooler,
upper center line.

Figure 35.~ Pressure distribution for the high speed, climb, and
take—off conditions with the propeller with sealed cuffs.
1/5~scale model of the Ryan XF2R airplane. (a) Upper center
line. (b) Lower center line. ’

Figure 35.— Contined. {c) Spinner fairing, upper. (d) Spinner
fairing, lower.

Figure 35.— Concluded. (e) Oil-cooler fillet. (f) 0il Cooler,
upper center line.

Figure 36.— Effect of power on the aerodynamic characteristics of the
1/5-scale model of the Ryan XF2R airplane. Flaps 40° gear extended,
elevator deflections 0° and ~10°. (a) Cp vs a.

Figure 36.— Concluded. (b) Cj vs Cp, Crge
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Figure 37.— Effect of power on the aerodynamic characteristics of the
l/5—scale model of the Ryan XF2R airplane. JFlaps and gear retracted.
Elevator deflections 0° and -5°. (a) Cp vs .

Figure 37.— Concluded. (b) Oy vs Cp, Chg

Figure 38.— Predicted variation of stick—fixed neutral-point location
with 1ift coefficient. Ryan XF2R airplane with flaps at 40° and
gear extended.,

Figure 39.— Predicted variation of stick—fixed neutral-point locatiom
with 1ift coefficient. Ryan XF2R girplane with flaps and gear
retracted.

Figure 40,— Effect of elevator deflection on the aerodynamic character-
igtics of the l/5~scale model of the Ryan XF2R airplane. Flaps
deflected 40° and gear extended. Horizontal-tail incidence = 1.5°,
:TC = O'

Figure 4l.~ Effect of elevator deflection on the aerodynamic character—
istics of the l/5—scale model of the Ryan XF2R airpl%ne. Flaps
and gear retracted. Horizontal-tail incidence = 1.5°. T, = 0°.

Figure 42.— Effect of elevator deflection on the aerodynamic
characteristics of the l/5~scale model of the Ryan XF2R airplane.
Flaps deflected 400 and gear extended. Horizontal-tail
incidence = 6.4°. T, = 0°,

Figure 43.— Aerodynamic characteristics of the l/5—scale model of
the Ryan XF2R airplane in yaw. High-speed condition with flaps
and gear retracted. (a) Cp, Cp,. vs V.

Figure 43.— Continued. (b) Cz', Cy vs V.

Figure 43.— Concluded. (c) ©p, Cp, Cpt ve V.

Figure 44.— Aerodynamic characteristics of the 1/5-scale model of the
Ryan XF2R airplane in yaw. Climb condition with flaps and gear
retracted. (a) Cp, Cp, Vs V.

Figure bh.— Continued. (b) Cy', Cy vs V.

Figure Lk.— Concluded. (c) Cr, » Op, Cp' vs V.
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Figure 45.~ Aerodynamic characteristics of the l/5—~scale model of the
Eyan XF2R airplane in yaw. Glide condition with flaps and gear
retracted. (a) C,, Chp vs ¥.

Figure U5.— Continued. (b) C;f, Cy ve V.,

Figure 45.— Concluded. (c) Cr: Cps Cnm! vs V,

Figure 46.~ Aerodynamic characteristics of the 1/5-scale model of the
Ryan X¥2R alrplane Iin yaw. Power—off approach condition with flaps
deflected 40° and gear extended. (a) Cp, Chp Vs V.

Figure 46.— Continued. (b) C3!, cY' vs V.

Figure 46.— Concluded. (c) Cp, Cp, Cp' vs ¥,

Figure 47.— Aerodynamic characteristics of the l/ 5-scale model of the
Ryan XF2R airplane in yaw, Power-on approach condition with flaps
deflected 40° and gear extended. (a) Cp, Cp,. Vs y.

Figure L47.— Continued. (b) Ci*, Cy vs ¥,

Figure 47.— Concluded. (c) C;, Cp, Cp' vs V¥,

Figure 48.— Aerodynamic characteristics of the 1/5-scale model of the
Ryan XF2R airplane. Wave—off condition with flaps deflected L40°
and gear extended. (a) Op, Cp, Vs ¥.

Figure 48.— Continued. (b) C;', Cy vs V¥,

Figure 48.-- Concluded. (c) O, Cp, Cp' vs V¥,
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Figure 2.~ Front view of l/ 5-gcale model of the Ryan XF2R airplane
mounted in the Ames T~ by 10-foot wind tumnel for the cowl--duct
investigation.
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Figure 3.— Front view of the l/ 5—scale model of the Ryan XF2R alrplane
with 40° flap deflection and landing gear extended.

CONMFIDEMTIAL

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
AMES AERONAUTICAL LABORATORY =~ MOFFETT FIELD, CALIF.



Figure 4.~ Rear view of the l/5~scale model of the Ryan XF2R alrplane
with Tlaps and landing gear retracted. "
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
AMES AERONAUTICAL LABORATORY =« MOFFETT FIELD, CALIF,



Figure 5.— Standard propeller on the 1/5-scale model of
the Ryan XFZ2R airplane.

CONFIDERTIAL

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
AMES AERONAUTICAL LABORATORY ~- MOFFETT FIELD, CALIF.



Figure 6.—~ Propeller with cuffs unsealed on the 1/5 scale model
of the Ryan XF2R airplane.

CONFIDENTIAL

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
AMES AERONAUTICAL LABORATORY -« MOFFETT FIELD, CALIF.



Figure 7.~ Propeller with cuffs sealed on the l/5~—-scale model
T the Ryan X¥F2R airplane.
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
AMES AERONAUTICAL LABORATORY == MOFFETT FIELD, CALIF.
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Figure 12.- Pressure orifices atop spinner fairing and cowl.
l/ 5-gcale model of the Ryan XF2R airplane.
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Figure 13.~ Pressure orifices on lower side of spinner fairing
and oil cooler on the 1/5-scale model of the Ryan XF2R
airplane.
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Figure 1.~ Pressure orifices in the oil-cooler fillet.
l/ 5~scale model of Ryan XF2R airplane.
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Figure 17.—~ Detail view of the l/5—-soale model of the
Ryan XF2R airplane showing the 3-inch-—diameter hole used
for discharging air from the cowl.
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