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MOD= OF THE RYAN XF2R AIR- 

By Park Y. Wong 

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 General Electric TG-100 gas 
turbine, and to determine the stability and control characteristics 
of the airplane. The results indicated low-dpamic-pressure recov- 
er3- for the air intake to the TG-100 gas turbine ~rith the standard 
propeller in operation. Propeller cuffs were designed and tested 
for the purpose of imp~oving the dynamic-yressure recovery. Data 
obtained with the cuffs installed and the gap between the spinner 
an& the cuff sealed indicated a substantial gain in dynamic pressure 
recover? over that obtained with the standard propeiler and with the 
cuffed propeller unsealed. 

Stabiiity and control tests were con6ucted with the sealed 
cuffs installed on the propeller. The data6from these tests indi- 
cated the foli~wing tmsatisfactory characteristics for the air- 
plane : 

1. Marginal static longitudinal stability 

2. Inadequate directional stability and control 

3. Rudder-yedal-force reversal in the climb condition 

4. Regative dihedral effect in the power-on approach and 
~~ave-of f c ondi t i ons 



At the request of the Bureau of Aeronautics, Navy Depaartslsnt, 
tests were conducted on a l/~.~lcale model of the Ryan XF2R airplane 
in the Ames Aeronautical Laboratory 7- by 10-foot wind tunnel No. 2, 
Tha XF2R airplane was designed primarily for the development of the 
cowl for the front power-plant installation, a Cleneral Electric 
?Y1-100 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 detemnine 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 RYm XF2R aimlane, 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 
FI&l 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 General Electric 
1-16 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 canfig- 
wration 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 4, inclusive, 



NACA RM No. ~ 7 ~ 2 6  CONFIDENTLAL 3 

A 110-3norsepower electric motor was utilized to drive the 
fouuc-blade model propeller (~eroproducts ~20-156-28) used in these 
tests. Photographs of the model 3ropeller with and without the 
c~tI"fs install,ed are presented in figures 5 to 7. Besented in 
figuire 8 are the geometric characteristics of the propeller and of 
the propeller cuffs developed. Ordinates for the blade cuffs are 
presented in table I. The aer~?~ynamic characteristics of the 
propeller with and without cuffs, as determined on the l / ~ c a l e  
model, are presented in figure 9 for maximum power output (1800 
bhp ) of the TG--100 unit. 

B 

The quantity of air flow through the cowl entrance was 
controlled by an air pum~ located outside the test chaber and 
was determined by means of an ASEIF: standard sinch-diaeter orifice- 
meter located in the air pipe. A pressurc rake containing 44 total 
pressure tubes and 4 static pressure tubes was located in the model 
at the position correspandlng to the entrance to the TG-100 gas 
turbine. The pressures were measured by an averaging manometer 
from which the average pressure loss in -the co5r1 ducting was deter- 
mined. Similarly, air flow through the oil-cooler duct 3n the 
underside of the cowl was measured with a pressure rake consisting 
of nine total pressure and three static pressure tubes. The rate 
of air flow through the oil-coolor duct, however, was adjusted by 
varying the exit area at the rear of thc fuselage. The relative 
location of the rakes may bc seen on figxre 10, which is a sketch 
of the model showing tho various pressure-tube locations and the 
nwnbering system employed in identifying these tubcs. A detail 
drawing of tho tube locations in the cowl rake is given in figure 11. 
Fhotograyhs of the model showing the pressure orifice locations are 
presented in figures 12, 13, and 14. 

TESTS AND TEST MEl'ffODS 

Tho air-flow tests, which included measurements of d~Tnamis- 
A 

pressure recovery, gressure distribution, and velocity distribution, 
were conducted with the model having the flaps a d  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 configupation.) To simulate flight conditions, various 
inlet-vclocit~ ratios at the cowl entrance were obtained by the 
adjustment of' the air-pump output and the tunnel airspeed. Presented 
in figure 15 is the predicted variation of cowl inlet-velocity ratio 
with free-slream velocity as furnished by the Rran Aeronautical 
Company for tho XF2R airplane. The variation of lift coefficient 



4 . C0N"E'TDENTLAL NACA RM No, A7E26 

wjith geometric angle of attack1 as measured for the model in this 
series of tests is presented in figure 16. 

For all stalility and control tests, the TG-100 gas turbine 
Jet-exhaust outlets on both sides of the fuselage were plugged a d  
fsired. Tuft studies indicated this advisable, since air bleeding 
through the cowl and out the side exhaust cbnnels had an adverse 
effoct on the air flow over the wing. Accordingly, to provide air 
flow through tho 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 proSluce an appreciable flow disturbance. 
Tho air from the oil cooler and wing ducts was exhausted out the 
rear of the fuselage. For the stability and control tests, tho oil- 
cooler inlet-velocity ratio was about 0.9 and -the cowl inlet-velocity 
ratio was about 0.7. 

Propeller calibrations were m d e  at O0 angle of attack, md no 
corrections wsre applied to the thl-ust coefficicnts for difforences 
in model attitnd.e or configuration, Zresented in figures 18 and 19 
are the variations of thrust coefficiont witin lift coefficient and 
airpiano velocity for various power conditions as furnished by -the 
Rran Aeronautical CoaPny. 

Constant power palars were obtained by testiw the model throughout 
the anglcj-of--czttack range at vaii~us values of Tc m d  cross-plotting 
the results for the power condition desired, Full-scale flight 
conilitions matched in directional-stability and-control tests arc 
listed in table 11. 

SYMBOLS, COEFFLCLFNTS , COmCTIOBTS 

A11 results are presented as stanciard NACA coefficients and are 
corrected for tares, tunncl-wall intcrf erence (reference 1) and 
stream inclination. All coefficients are referred to the wind axis 
with the exceptJon of the rolling and pitching+noment coefficients 
C2 ' and %' , which are given about the stability =is. The 
coefficients used are defined as follows: 

CL lift coefficient (T) 
C~ drag coefficient 

.---. 

'uncorrected for tunnel-.wall effects and stream inclination. 
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c~ lateral force coefficient f latera1 
qs 

Cm pit ching-moment coefficient 

Cat pitching-moment coefficient about the stability axis 

(pi tchzF moment 

) 
yawing-moment coefficient Cn 

Czt rolling-moment coefficient about the stability axis 

(rolling moment 
qSb ) 

(elevator hiwe moment 
'he elevator hinge-moment coefficient 

i OeEo* 

Chr rudder hinge-moment coefficient {rudder hinge 
9% r*y2 

J propeller advance ratio 

T c thrust coef f icient 

T thrust coefficient f thrust 
\ pn?D4 

f power power coefficient . 

) 
C~ ( p n 3 ~ 5  

1- - dynamZc-pressure-recovery coefficient 
40 

I? pressurii coefficient (u) 
( GO 

where 

90 f ree-a tream dynamic pressure (9P~2 ) , pounds per square foot 

S wing area, square feet 
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- 
c wing mean aerodynamic chord, feet 

wing s p ,  feet 

be clevator span, feet 

- 
c elevator root-slean-square chord aft of hinge line, feet 

r rudder span, foot 
- 

rudder root-mcan-square chord aft of hinge line, feet 

P mass density of air, slugs per cubic foot 

Q airspeed, feet per second 

D propeller diameter, foot 

b ' p~opellcr-blade width, fcct 

h propeller-blade thickness, fcct 

n propeller speed, revolutions per second 

AP pressure differential betvecn the frec-strctzm static and the 
local static prcssuros, pounds per square foot 

local dynamic pressure as heteMninod b3- the individual rake 
tube readings, pounds per squarc foot 

AH total hcad loss, pounds per square foot 

In addition to the coefficients defined, the following symbols 
are utilized in the presentation of results: 

a angle of attack of ths fuselage reforonce line corroctcd for 
strean inclination and tumol-wall effocts, degrccs 

% uncorrected angle of ~.ttack of the fuselage reference line, 
degrees 

\Ir angle of yaw measured from the plane of symmetry, degrees 

0 propeller-blade angle, degrees 

Be elevator deflection, degrees 
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8r rudder deflection, degrees 

it 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 tablo 111. 

RESULTS AND DISCUSSION 

Air-Flow Tests 

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 cow1 inlet-velocity ratio with varying tangle 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 (a, less than kO) the effect of 
angle of attack on the dynamic pressure recovery will be small. For 
speeds below 150 miles -per hour to the stall (% greater than kO), 
the pressure recovery drops off 10 to 20 percent of the free-stream 
dynamic pressure. It is also noted from these data that the pcak- 
pressure recovery of about 82 percent occurs at a cowl-inlet- 
velocity ratio between 0.7 and 0.8; whereas 7Lpercent 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-epeed 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 Tor high-peed flight 
(vi/v0 = 0.4) with the standard propeller is only 58 percent of the 
free-stream dynamic pressure, the predic-ted high-speed performance 
of the airplane will be lapalred considerably. Consequently blade 
cuffs were designed for the propeller to improve the dynamic- 
pressure-recove~j characteristics in the cowl. Data for two 
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conditions of the cuffed blades are also presented in figure 21, 
With tho 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 is experienced over results obtained with the 
standard propeller. Additioml gain is obtained with the cuffs 
installed and the gap sealed making the d~~namic-pressure recovery . 

greater with the propeller on than with the propeller off. However, 
the peak-recovery-pressure coefficient of 0.82 occurs at an inlet- 
velocity ratio of 0.7, and at the high-speed inlet-velocity 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-peed flight range, measurements 
were taken for propellei.-blade angles of 5009 550, and 60' at a 
constant thrust coefficient Tc and for various thrust coefficients 
at a constant blade angle. These results, summarized in figures 22 
an& 23, indicate that the effect of these parameters in the high- 
speed-f light mnge is minor. 

Various flight conditions FTGre infrestigated throughout the cowl 
inlet velocity and angle-of-attack range. Dynamic-pressure-recovery 
data for the following flight conditions are presented in the figures 
indicated. 

Condition :~ir~lanu Propeller Thrust ' inlet- ! Angle ' Figure 
velocity blade coeffi- 'velocity of number 

I 

High speed : 445 , 

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

Figure 29 presents a sumnary of the d~,nanic-pressure-recovery 
data for maximum W O O  power utilizing information presented in 
fig-ures 9 ,  15, and 16. These data indicate that at k50 miles per hour 



an additional 1Fpercent 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 show in fig. 2 2 )  occurs 
at an inlet-velocity ratio of approximately 0.7 and the high-speed 
inlet-velocity ratio for the existing 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-velocity ratios, an 
increase in dynamic-pressure recovery may be obtained for the high-, 
speed flight condition with the cuffed propeller sealed. Estimated 
values for a 40-percent reduction of entyaince area, not considering 
any change in internal d~~cting efficiency, are shown in ffgure 29 
for the propeller with sealed cuffs. 

It should be pointed out that the cuf'f developed for these tests 
has a. high thickness ratio at the spinner surface (h/bt = 0.32) which 
i s  the minimum possible because of the propeller-shank thickness. In 
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 tliinner root sections should be considered. 

.Cowl pressure distribution.- The pressure-distribution data are 
presented in the form of pressure coefficient versus distance2 in 
inches from the cowl leading edge. The terte "pressure coefficient" 
is defined as .bpJq0 where Ap is the pressure differential between 
the free-strem static pressure and the local static pressure, and 
go is the free-stream dynamic pressure. The pressure coefficient 

2 
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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io negative when thc local static pressuro is less than  the free-- 
stream static yressure. 

In thc presentation of the data, -the cowl is divided into six 
scctions as follovs (fig. 10): 

1. U2per center line, tubes 54 to 57 and 123 to 135. 

2. Lo~~er ccntar line, tubes 86 to 101. 

3. S2i~ncr fairing, upper, tubes 65 to 74. 

4. Spinner fairing, lowcr, tubcs 58 to 54. 

6. Oil coclor, upper center lino, tubes 49 to 53 75 to 85. 

The flagged spibols, as uscd in tho presentation of results, indicato 
the =?ess~~rc coelf icicnts of the internal su-rfaccs. 

Prcssurc-itistribu-tion data for the ljzodcl in variov.s configu- 
rati.ons and power conditions are prcsen-tcd in f 5gu-e~ 30 to 35, 
inclusive. Figwe 30 prcscnts the effect of CQIT~ inlet--velocity 
ratio on thc  prcsourc distribution over tho v~rious sections of the 
cowl with tho propcllcr rcrnov~d at -1.3' anglc of attack. All 
csternal pressure distri.buticns appear to be satisfactory with thc 
exception of a prcssurc peak over the cil-ccolcr fillet leading edgo. 
This is duc to a flat spot (fig. 13) at thc lcading cdgc of the 
juncture of the oil-coolcr duct and thc cowl, No attcnpt was m d o  
to allcviatc this prcssurc peak as the modcl is not an cxnct dugli- 
cat0 of tbc prototypc airplane at this point. Thc high negativo 
_nrcssLlrc cooffici.onts occurying on the interior of tho ducts at 
hi& inlet-volocity ratios are not detrimental to flow over tho 
cxtornal sumlaces. Figure 31 presents the effect of the variation 
of oil-coolor inlet--velocity ratio with propellor off, ss cowl inlet 
vclccity of 0.4, and -1.5' angle of attack. 

Thc cff cct of various propcllcr modifications (figs. 5 ,  6, and 
7) is prcsontod in figure 32 for tho model in the high-speed 
condition (l3 = 55O, Tc = 0.01, vi/v0 = 0.4, and cq, = -1.5'). 
Tlieso data indicate that the effect on the external surfaces is 
small, whilc, for thc intcrncl surfaces, the installation of tho 
scaled cuffs increasas the pressure cocfficicnt gositively, result- 
ing in a favorcblc. reduction in internal recovery losses. 
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The effects of angle of attack and cowl-inlet-velocity ratio 
on pressurc distribution are presented in f igurcs 33 and 34, 
rcspectivel$, for the model in the hi@i-~peed condition with sealed, 
cuffed propeller. These data show no undesirably high pressure 
peaks. The effect of small variations of cowl inlct velocity on 
cxternal pycssure distribution is negligibly small, while, internally, 
the pressure coefficient decrcases with increase in inlet-velocity 
ratio. 

Presented in figure 35 is a comparison of the pressure distri- 
butions for tho model in thc hi@i-sj?eed, climb, and tal;e-of:? 
conditions. Thcse data were obtained for the propeller ~-ritli scaled 
cuffs. 

Velocity distribution.- Velocity-distribution studies at the 
simulated entrants to thc %-100 gas turbine were made for various 
model configclrations an& flight conditions. The results for the 
high-speed, climb, tako-off conditions for vari0u.s propeller 
confi&umticns are presontad in table IV in the form of loen1 
dynamic-prcssure caefficiel?t;s ct the various tube locations of the 
prcssure-mcasuring rake. The Local dj%axic-yressure coefficient 
qL/Qo is def ined as the ratio of the local dp.ccmic pressure to the 
free-stream dynamic pressure. The 1,ocal d~mamic pressure was 
determincd from. t3.e local total pressure indicated by the individual. 
total-pressure tubes and tho atrerage static pressurc in the duct as 
indicated by an averagc of the four static pressure tubos. 

Aerociynamic characterist-cs --- in pitch.- The longitudinal aero-- 
dynamic characteristics of thc R y m  X F ~ R -  model with various confi@l-- 
rLtions crc presented in figures 36 to b2, inclusive. 

Figures 36 and 37 present the effect of poY.cr on the character- 
istics of the mod01 tzith flaps deflected boo, gear oxtendcd, and with 
flaps and gcer retracted. Predicted variations of the stick-fixed 
neutral-point locatioll with lift coef f icicnt (determined from 
figs. 36 and 37) are presented in figures 38 anii 39 for various parer 
conditions, flaps and gear dcflectcd and retrccted. Figu-re 38 indi- 
cates that the airplans with flaps def Lected 40" and gear extended 
will be stable in the landing condition ( T ~  = 0) and in thc approach 
condition with 40-poycent maxirpm power but will only be mrgimlly 
stalk at lift coefficients zbove 1.0 with maximum power at thc most 
aft centcr-of-gravity location. As indi,cated in figure 39, the 

3~omputcd by ncthod of reference 2. 
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airplane will be stable in the glide condition (T, = 0) with flaps 
~2nd gear retracted, but only marginally stable with maximum contin- 
uous power at the most aft cen-ter-of-gravity location for lift 
coefficients above 0.6. Above CL = 1.1 (fig, 38) and CL = 0.6 
(fig. 39), an aft movement of the neutral point was noted for the 
respective conditions. This rearward shift in neutral pint is 
~robably 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 ssld hence the Aft 
movement of the neutral point may not occur for the airplane at 
f ull--scale Reynolds number. 

The effect of elevator deflection on the aerodynamic character- 
istics is presented in figures 40 and 41 for the model in the flaps 
40°, gear-extended, and in the flaps- and gear--retracted conditions, 
respectively. Tliese data were obtained with the normal horizontal 
tail incidence of 1.5' and at zero thrust coefficient. Also shown 
in fig~tre 41 is the effect of the removal of the propeller cuffs. 
Presented in figure 42 is the effect of elevator deflection on the 
aerodynamic characteristics of the model with flaps deflected 40°, 
goar extended, horizontal-tail incidence at 6.4O, and at zero 
thrust coefficient. The increase in tail incidence approximates 
the change in angle of attack or" the tail in the presence of the 
ground. Thesc figures indicate that the airplane should possess 
adequate elevator con'trol for thc nomnal cente,r-of-gravity location. 
It is estimated4 that apyroximately 25' uplevator dcflcction is 
roquired for landing with tlio cent~r of gravity locatod at 18.3 
pcrccnt M.A.C. Thc elevator hinge moments are not applicable in the 
computation of stick forces for the airplano as the elevator balance 
seal of the XF2R was not duplicated on the 1/5-scale model. 

Aerodmamic characteristics in yaw.- The directional, lateral, - 
and longitudinal characteristics of the mdel in yaw are presontcd 
in figures 43 to 48, inclusive. Dcta for thc high-speed, climb, and 
g13.d~ conditions5 werc obtained with a propeller-blade anglc of 45' 
and the model with flaps and gcar retracted; whereas deta for the 
power-off approach, the powcr-on approach, a d  the wave-off condit?ms 
were obtajnod with a propellee%lade angle of 35' and with flaps and 
gcar extonded. Two blade-engle settings werc uscd to simplify test- 
ing, as exact simulation of the variable- itch-proyeller conditions 

'13~ method of reference 3 
'see tablo I1 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 characteristics of the 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 
direct ional-s tability parameter den / d\jr is -0.00065 as compared 
with -0.00165 for the FR-1 airplane. (see reference 11.. ) Also shown 
is the effect of propeller cuff removal, which increased dcn/d$ 
to -0.00085, yielding a net gain of -0.0002. Figure 44(a) presents 
the directional characteristics of the model in a simulated maximum 
power climb. The occurrence of a mldder-p~dal-f orce reversal6 is 
evident for the airplane at positive angles of yaw. Tne data also 
indicate that the airplane does not balance with more than 18' left 
rudder and 22O right rudder for the yaw range investigated. 
Presented in figure 45(a) are the directional characteristics of 
the model in the simulated glide condition which appoars marginally 
satisfactory. 

The directional characteristics of the model for the power-off 
approach, the power-on approach, and the wave-off conditions are 
presented in figures 45(a), 47(a), and 4-8(a), respectively. A 
lightening of the pedal force begond 30' right rudder is noticed for 
thc power-off approach conclition. For the power-on approach, the 
data indicate that the airplane will not balance with nore than 17' 
left rudder and 33' right rudder. Figurc 48(a) shows that the air- 
plane will not balance beyond 8' left rudder in the wave-of f 
condition. 

The angle of left sideslip available APS, beyond the angle of 
sideslip for wings level Cp = 0 = Cn and the incremental yawing- 
moment coefficient available ACn at the angle of sideslip for wings 
level can be used as an indication of the rudder control sxisting 
for tne critical power-on approach and wave-off conditions of 
figuses 4.7 m d  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 airplane (obtained from reference 4.) under similar 

61ndicated by the variation of Chr with q at C, = 0. 
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flight conditions is given in the following table: 

As indicated by the precoding data, the airplane will possess 
unsatisfactory directional+-tability and -control characteristics. 
It is believed that the installation of a considerably larger dorsal 
fin will improve the directional cha~acteristics 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 4.3(b), 44(b), 
and 45(b). As indicated bg these data, the airplane will possess 

. positive lateral stability in these conditions. For the high-*peed 
condition, the parameter dCzt/d\) is 0.0012 as compared to 0.0011: 
for the 33-1 airplane. (see reference 4. ) Presented in figures 46(b), 
47(b), m d  48(b) are the lateral-stability char-acteristics of the 
model in the power-off approach, the power-on approach, and the 
wave-or"f conditions. Lateral instability is revealed for the power- 
ori+pproach and wave-off conditions. The following table includes a 
tabulated comparison of dCZ ' /d$ for the XF2R and FR-l aftrplmes. 
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C OrJCLUSIO~S 

The follo~ring aerodynamic characteristics are revealed by these 
tests on the l/%cale model of the Ryan XF2R airplane: 

Airqlow Tests 

1. Poor dyndc 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. Tae peak dynamic-pressure recovery- (82 percent) occurs at 
an inlet-velocity ratio of approximately 0.7 for the propeller with 
scaled cuffs. Since the high-speed inlet-velocity ratio is about 
0.4 for the existing cowl, it is believed that some incrsase in 
dynamic-pressure recovery m y  be obtained by increasing the inlet- 
velocity ratio at a given airplane velocity. 

3. Pressu~e distribution over various parts of the cowl 
investigated appears to be satisfactory. 

Stability and Control Tests 

1. Marginal stick-fixed static longitu-dinal stability 

2. Adequate elevator control 

3. Low directional stability (dCn/d$) is -0.00065 for high- 
speed condition, ) 

4. Rudder-pedal-f orce 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 Aeronaukical Laboratory, 
National Advisory Comittee for Aeronautics, 

Moff ett Field, Calif. 



W s i c a i  Character2stics of the Ryan XF2B-1 Air2lane 
hli dimensions are f u l l  scale. ] 

Gcnerzl 

. . . . . . . . . . . . . . . . .  Design gross weight. 173, 10. 450 

Overload gross wef:~ht, 1% . . . . . . . . . . . . . . . .  I-2>563 

Fuol 

~0rma1~ g,i . . . . . . . . . . . . . . . . . . . . . .  180 

. . . . . . . .  Maximum ( inchding  e x t e ~ n a l  tanks). gal 480 

Wing Dimensions 

Air fo i l  ecction description 

Ro3t . . . . . . . . . . . . . . . . .  'MACA65.2-3.17. a = 1 . 0  

Tip . . . . . . . . . . . . . . . . .  NACA65.2-115. a = O . 5  

. . . . . . . . . . . . . . . . . .  T o t a l ~ . r i n g a r c a ~ s q F t  275 

Chord 

RootJ in.  . . . . . . . . . . . . . . . . . . . . . . .  112 

TipJ i n  . . . . . . . . . . . . . . . . . . . . . . . . .  56 

Moan a e r o d w c .  i n  . . . . . . . . . . . . . . . . . .  87.55 

Inc idencca t roo t .  deg . . . . . . . . . . . . . . . . . .  1 

Twistg d ~ g  . . . . . . . . . . . . . . . . . . . . . . . .  0 

Dihedral 

Center sec t ion .  dcg . . . . . . . . . . . . . . . . . . .  
C ONFIDEllTTLAL 
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Outer panel. deg . . . . . . . . . . . . . . . . . . . .  7% 

Sweepback of leading edge. deg . . . . . . . . . . . . . .  0 

Horizontal Tail 

. . . . . . . . . . . . .  Airfoil section NACA 65. 2-01? (modified) 

3p.n. . . . . . . . . . . . . . . . . . . . . . . . .  17ft6ine 
. . . . . . . . . . . . . . . . . . . . . . . .  Aera. sq ft 68.85 

. . . . . . . . . . . . . . . . . . . . . . . .  Aspect ratio 4.45 

. . . . . . . . . . . . . . . . . . . . . . . .  Taper ratio 1.5.1 

E leva t o m  

. . . . . . . . . . . . . . . . . . . . .  Span (each). ft 7.85 

Chord 

Percent stabilizer chord. . . . . . . . . . . . . . . . .  35 
. . . . . . . . . . . . . . . . .  R~ot-mean-square~ f t 1.365 

. . . . . . . . . . . . . . . . . . . . . . .  Area. sq ft 20.84 

Bal.ance 

. . . . . . . . . . . . . . . . . . . .  Type sealed internal 

. . . . . . . . .  Chord (percent elevator chord) 45 (approx.) 

Angular displacement 

Down. deg . . . . . . . . . . . . . . . . . . . . .  12.5 

Up9 deg . . . . . . . . . . . . . . . . . . . . . . .  27.5 

Total. deg . . . . . . . . . . . . . . . . . . . . . .  40.0 
Vertical Tail 

Urf oil section NACA 63. 2422 (modified) 
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span, f t  . . . . . . . . . . . . . . . . . . . . . . . .  6.792 

. . . . . . . . . . . . . . . . . . . . . . .  Area, sq f t  31.85 

. . . . . . . . . . . . . . . . . . . . . . .  Aspect r a t i o  1.45 

. . . . . . . . . . . . . . . . . . . . . .  Taper r a t i o  2.83:1 

Rudder 

. . . . . . . . . . . . . . . . . . . . . . . .  Span, f t  ~ ~ $ 9 8  

Chord 

Percent f i n  chord, . . . . . . . . . . . .  28 t o  48.3 

. . . . . . . . . . . . . . . . .  Root-mean-square, f t 1.490 

. . . . . . . . . . . . . . . . . . . . . .  Aroa, sq f t  8.69 

Balance 

Type .  . . . . . . . . . . . . . . . . . . . . . .  Omrhan@;in& 

Chord (percent rudder chord) . . . . . . . . . . . . .  27.9 

Angular displacement, deg . . . . . . . . . . . . . . . .  30 

Aileron 

. Type . . . . . . . . . . . . . . . . .  Internal  sealed balance 

Span, f t  . . . . . . . . . . . . . . . . . . . . . . . .  7.46 

Chord ( a f t  hinge l ine  ) ,percent wine, chord 17 

Area ( a f t  of hinge l i n e ) ,  sq  f t . . . . . . . . . . . . .  12.8 

F l a p  

Type . . . . . . . . . . . . . . . . .  NACA single-slotted f l a p  

Chord . . . . . . . . . . . . . . . . .  25-percent wing chord 

Span of inner f l a p  . . . . . . . . . . . . . . . . .  4 f t  6& in. 

CONFIDENTIAL 
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span of outer f l a p .  . . . . . . . . . . . . . . .  4 f t  84-in. 

Total area, sg f t  . . . . . . . . . . . . . . . , . . .  30.25 

Travel, deg . . . . . . . . . . . . . . . . . , . . . . . .  40 

Landing gear 

T y ~ e .  . . . . . . . . . . . . . . . .  Retractable t r icyc le  

Ground angle of thrust  line, deg . . . . . . . . . . . . . .  1 

Power plant 

Forward engine . . . . . . .  General Elec t r ic  ~ 1 0 0  gas turbine 

Gear r a t i o  . . . . . . . . . . . . . . . . . . . . . .  0.0881 

Rear engine . . . . . . . . .  General E l ~ c t r i c  1-16 (centrifugal 
compressor type J.P.M.) 

Type . . . . . . . . . . . . . . . . . . . . . . .  Aeroproducts 

Blade . . . . . . . . . . . . . . . . . . . . .  H--20--156-28M 

Number of blades . . . . . . , . . . . .  . ' .  . . . . . . . .  Four 

Diameter . . . . . . . . . . . . . . . . . . . .  10 f t  8 in ,  

h/b a t  0.75R . . . . . . . . . . . . . . . . . . . . . .  0.07L2 

Activity f a c t o r  . . . . . . . . . . . . . . . . . . . . .  137.4 
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APPENDIX B 

C O~~ICURATION KEY 

~/ '~-SCAZE MODEt OF TEE RYAD XF2R AIR- 

Wing (with duct entrances) 

Bare fuselage 

Cockpit enclosure 

Wing fillets 

Tail fillets 

Horizontal tail with internal--sealed-balance elevators 

Vertical tail 

Dorsal fin 

O0 flap deflection 

40O flap deflection 

Standard configuration = WBISXWWXtfpFO 

Tricycle landing gear down 

Exit pipe(~G--100 unit ) 

Standard propeller 

Propeller + cuffs (unsealed) 

Propeller -I- cuffs (sealed) 



NACA RM No. ~ 7 E 2 6  CONFIDENTIAL 21 

1. Swanson, Robert S., and Schuldenfrei,  Marvin J,: Jet-Boundary 
Corrections t o  the  Downwash Behind Powered Models i n  
Rectangular Wind Ttrnnels with Numerical Values f o r  7- by 
10-Foot Closed Wind Tunnels. NACA ARR, Aug. 1942. 

2. Schuldenfrei,  Marvin: Some Notes on the  Detemir,atj.on of the  
Stick-Fixed Neutral Point From Wind-Tunnel Data. NACA 
RB No. 3120. 1943. 

3. Katzoff .  S. ,  and Sweberg, Harold E.: Gr0un.d Effec-t on Cowmash 
Angles and Wake Location. NACA Rep. No. 738, 1943. 

4. Sacks, Alvin B. : Wind-Tunnel Invest igat ion of a l / ~ c a l e  Model 
of the  Ryan XFR-I Airplane with Various Modifications. 
(TED no. 2370) NACA CMB Nc. ~ 6 ~ 1 . 8 ,  1$6. 
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Cuff ordimtea match blade o r d i n a m  
at radius s-tim (r/~) = 0.37% 

Stat1 on 
(Percent chord) 

Cuff contour fo-d of r t ra ight  
constant percent chord lines 
between radius etatiorus 0.1877 
and Q,375. 

7 

Statiaaa 
( P s m a t  

0 I 0 
2.5 
5.0 
10.0 
20.0 
30. 0 

4.80 
6-56 
9.00 
12.14 
14.00 

I 
40.0 
go.0 
60. o 
70.0 
80.0 
90. 0 
95.0 
100.0 

14.82 
13.00 
14.04 
12.00 
8.8: 
4.80 
2.60 
0 

T.E. radiue = 0.5. 





T B D  f PI, - m I m  ABD CORRESPOWDm CEBTLW4F-GMVlTY 
LOCATIONS FOR TBE RYAFQ XF2R AIR- 

Borismtal refereace line is the m a i m  ss the .&hrust line of' rradeP FR-1. 



NOTE: Tubes 2, 14, 26, aab 38 are etatio tuMs. 
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Figure 1,- Three-view drawing of the Ryan XF2R airplane. (Full-scale 
airplane dimensions . ) 

Figure 2,- Front view of l/-cale model of the Ryan XF2R airplane 
mounted in the Ames 7- by 10-foot wind tunnel for the cowl-duct 
investigation. 

Figure 3.- Front view of the l/-cale model of the liyan XF2R air- 
plane with &o* flap deflection and landing gear extended. 

Figure 4,- Rear view of the 1/5--scale model of the Kyan SIF2R 
airplane with flaps and landing gear retracted. 

Figure 5.- Standard propeller on tho l/-cale model of the Ryan 
XF2R airplane. 

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

Figure 7.- Propeller with cuffs sealed on the l/wcale model of 
the R p n  XF2R airplane. 

Figure 8.- Geometric characteristics of the aeropr~d~cts ~-20-156-28 
propeller on the Ryan XF2R airplane. 

Figure 9.- Aerodynamic characteristics of the aeroproducts 
11-20-156-28 propeller as determined on the 1/5-~cale model of 
the Ryan XF2R airplane for maximum power output of the TG-LOO 
unit. 

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

Figure 11.- Tube locations of tfie pressure rake in the simulated 
entrance to the TE-100 gas turbine. ll'j-scale model of Ryan 
XF2R-airplane. 

Figure 12.- Pressure orifices atop spinner fairing and cowl. 
l/-cale model of the Ryan XF2R airplane, 

Figure 13.- Pressure orifices on lower side of spinner fairing 
and oil cooler on the l/5--scale model of the Ryan XF2R 
airplane. 
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Figure 14.- Pressure orif ices in t&e oil-cooler fillet, l/-cale 
model of Ryan XFZR airplane. 

Figwe 15.-Variation of cowl inlet-velocity ratio with free-stream 
veloci ty for the Ryan Xlr'2R airplane. (obtained from Ryan Aero- 
nautical Company ) . 

Figure 16.- Variation of lift coefficient with uncorrected mgle of 
attack for the l/wcale model of the Ryan XF2R airplane. 

Figure 17.- Detail view of the l/wcale model of the Ryan XF2R 
airplane showing the 3-inch-dimeter hole used for discharging 
air from the cowl. 

Figure 18.- Predicted variaticns of the lift coefficient with thrust 
coefficient of the Ryan XF2R airplane with various power conditians, 
(Normal gross weight = 10,450 1%). 

Figure 19.- Predicted variations of the Elrust ~oefficient with 
velocity of the R y a n  XF2R airplane at various power conditions, 

Figure 20.-Variation of the Dynamic-pressure-recovery coefficient, 
at the entrance to the ~ 1 0 0  unit, with angle of attack for 
various cowl-inlet-velocity ratios with propeller off. l/-cale 
model of the Ryan XF2R airplane. (a) v~/v ,  = 0 to 0.8. 

Figure 29.- Concluded. (b) v~/v, = 1.0 to 1.8. 

F i w e  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-~eed 
conditions. 

Figure 22,- Effect of Propeller-blade angle on the variation of 
dynamic-p,-essure-recovery coefficient at the entrance to the 
TG-LOO unit, with cowl-inlet-velocity ratio for various propeller 
modifications. 

Figure 23.- Effect of propeller thrust coefficient on the variation of 
dynanic-pressure-rccovery coefficient, at the entrance to the 
TC-100 unit, with cowl-inlet-velocity ratio for various propeller 
modifications. 

Figure 24.- Variation of dynamic-pressure-recovery coefficient, at 
the entrance to the TGlOO unit, with angle of attack for various 
cowl-inlet-velocttg ratios and propeller modifications. Simulated 
high-epeed conditions. 
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Figure 25.- Variation of dynamic-pressure-recovery coefficient, at 
the entrance to the TE.100 unit, with cowl-inlet-velocity ratio 
for various propeller modifications. Simulated climb conditions. 

Figure 26.- Variation of dynamic-pressure-recovery coefficient, at .I 
the entrance to the TG-100 unit, with angle of ettack 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. v~rious propeller modifications, Simulated take-off conditims. 

Figure 28.- Variation of dynamic-pressure-recovery coefficient, at 
the entrance to the TG-100 unit, wlth angle of attack for variou-s 
cowl-inlet-velocity ratios and propeller modifications. Simulated 
take-of f conditions . 

Figure 29.- Variation of dynamic-pressure-recovery coefficient, at 
the entrance to the TG--100 unlt, with airplane velocity as 
determined on a l f ~ c a l e  model of the XF2R airplane maximum 
W l O O  power. 

Figure 30.- Effoct of variation of cowl-inlet-velocity ratio, power- 
off, % = -1. 509 for the 1/5-scale model of the Ryan XF2R 
airplane, (a) Upper centcr line. 

Figure 30.- Continued, (3) Lower center line. 

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

Figure 30.- Concluded. (c) Oil-Cooler fillet. (f ) Oil cooler, 
upper center 19ne. 

Figure 31.- Effect of variation of oil-cooler inlet-volocity mtio, 
propeller off, vi& = 0.4, cq, = -1.5' for tho 1/5-scalo model 
of the Ryan XY2R airplane. (a) Lower center lino. (3) Spinner 
fairing, lower. 

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

Figure 32.- Effect of propeller modif'icatlon with P = 55O, Tc = 0.01, 
Y~/V, = 0.4, % =- l.5', for the 1/5-scale model of the Ryan XF2.R 
airplane. (a) Upper center line. (b) Lower cen.i;er line. 



Figure 32 .- Continued. ( c  ) Spinner fa i r ing ,  upper, (a) Spinner 
fair ing,  lower. 

Figure 32.- Concluded. ( e )  Oil-cooler f i l l e t .  (f ) O i l  cooler, 
upper center l ine.  

Figure 33.- Effect of var iat ion of angle of a t  hack, vi/vo = 0.4, 
Tc = 0.01, 8 = 5 5 O  cuffs sealed f o r  the l / ~ c a l e  mod-el of the 
Ryan XF2R airplane. (a)  Upper center l ine.  (b) Lower center 
l ine.  

Figme 33.- Continued. ( c )  Spinner fa i r ing ,  upper. (d,) Spinner 
fai.ring_ lower. 

Figure 33.- C oncluded, ( e )  Oil-cooler f i l l e t .  (f  ) O i l  cooler, 
upper center l i ne ,  

Figure 34.- Effect of the var iat ion of cowi inlet-velocity ra t io ,  
f3 = 55' with cuffs sealed, Tc = 0.01, % = -l.5Q9 f o r  the 
l/?-scale model of the Ryan XF2R airplane. ( a )  Upper center 
l ine.  (b)  Lower center l ine.  

Figure 34.- Continued. (c)  Spinner fair ing,  upper. (d)  Spinner 
fair ing,  lower. 

Figure 34.- Concluded. ( e  ) Oil-cooler f i l l e t .  ( f  ) O i l  cooler, 
upper center l ine.  

Figure 35.- Pressure dis t r ibut ion f o r  the hipa speed, climb, and 
take-off conditions with the propeller with sealed cuffs. 
11-cale model of the Ryan X??2R airplane. ( a )  Upper center 
l ine.  (b) Lower center l ine .  I 

Figure 35.- Contined. (c  ) Spinner fa i r ing ,  upper. (d)  Spinner 
fair ing,  lower. 

Figure 35.- Concluded. ( e )  Oil-coofer f i l l e t .  ( f )  O i l  Cooler, 
upFer center l ine.  

Figure 36.- Effect of power on the aerodynamic character is t ics  of the 
l/-cale model of the Ryan XF2R airplane. Flaps 40° $ear extendad, 
elevator deflections 0' and -lo0. ( a )  C& vs a. 

Figure 36.- Concluded. (b)  CL vs Cm3 Ch,. 



Figure 37.-Effect of power on the aerodynamic characteristics of the 
1/5--scale model of the Ryan XF2R airplane. Flaps and gear retracted. 
Elevator deflections 0" and -5'. (a) % vs a. 

Figure 37.- Concluded. (b) vs Cm, Ch, . 

Figure 38.- Predicted variation of stick-f ixed neutral-point location 
with lift coefficient. Ryan XF2R airplane with flaps at 40° and 
gear extended. 

Figure 39.- Predicted variation of stick-fixed neutral-point locaticm 
with lift coefficient. Ryan XF2R airplane with flaps and gear 
retracted. 

Figure 40.- Effect of elevator deflection on the aerod-ynamic character- 
istics of the 1/5-8cale model of the Ryan IIF2Ii airplane. Flaps 
deflected 40' and gear extended. Horizontal-tail incidence = 1.5'. 
Tc = 0. 

Figure 41.- Effect of elevator deflection on the aerodpamic charactar- 
istics of the l/>scale model of the Ryan XF2R airplye. Flaps 
and gear retracted. Horizontal-tail incidence = 1.5 . Tc = 0'. 

Figure 42 .- Effect of elevator deflection on the aerodynamic 
characteristics of the 1/5--scale model of the Ryan XF2R airplane. 
Flags deflected 400 and gear extended. Hori zontal--tail 
incidence = 6.4'. Tc = 0'. 

Figure 43.- Aerodynamic characteristics of the 1/5-scale model of 
the Ryan XF2R airplane in yaw. High-speed condition with flaps 
and gear retracted. (a) Cn, Chr vs $. 

Figure 43.- Continued. (b) Cl', Cy vs $. 

Figure 43.- Concluded. (c) k, CD, c,' vs Q. 

Figure 44.- Aerodynamic characteristics of the 1/5-scale model of the 
Ryan XER airplane in yaw. Climb condition with flaps and gear 
retracted. (a) Cn, Ch, vs 0. 

Figure 44.- Continued. (b) C Z t ,  Cy vs \jr. 

Figure 44.- Concluded. ( c )  CL , %, C,' vs 9 -  
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Figure lc3.- Aerodynamic characteristics of the 1/5-sca.l.e model of the 
Eya XF22 airplane in yaw. Glide condition with flaps a d  gear 
retracted. (a) CnJ Chr vs 9. 

F i v e  45.- Continued-. (b) CZ ?, Cy vs J I  . 
Figure 45.- Concluded. (c) CL; CD, cm' vS 9 . 
Figure 46.- Aerodynamic characteristics of %he 1/5-=scale model of the 

Ryan XF2R airplane in yaw. Power-off approach condition with flaps 
deflected 40° and gear extended. (a) C,, Ch, vs 9. 

Figwte 46.- Continued. (b) Oxr, Cy vs t. 

Figure 46.- Concluded. (c) C1;, CD, Cml vs Jr . 
Figure 47.- Aerodynamic characteristics of the l/-cale model of the 

Iiyan XF2R airplane in ;raw. Power-on approach condition with flaps 
def leoted 40' and gear extended. (a) Cn, Chr vs $ . 

Figure 47.- Continued. (b) CZ \ CCy vs rJI 

Figure 47.- Concluded. (c) CL, CD, C,' vs 9 . 
Figure 48.- Aerodynamic characteristics of the l/!j-scale model of the 

Ryan B 2 R  airplane. Wave-off condition with flap deflected 40' 
and gear extended, (a) C,, Chi vs @. 

Figure 48.- Continued. (b) CZ1, Cy vs J r .  

Figure 48.- Concluded. (c) CL, CD, Cn' vs q. 





Figure 2.- Front view of 1/5--scale model of the Ryan XF2R airplane 
mounted in the Ames 7- by 10-foot wind tunnel for the cowl--duct 
investigation. 

C @ l F % @ $ B T I A L  
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

m e  AERONAUTICAL WORATORY - ~MOFFETT FIELD. CALIIF. 



Figure 3.- Front view of the l/5-scale model of the Ryan XF2R airplane 
with 40° f l a p  deflect ion and landing gear extended. 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
AMEP AERONAUTICAL LABORATORY - BZOFFETT FIELD, CALIF. 



Figure 4.- Rear view of the l / w c a l e  model of the Ryan XF2R airplane 
with f l aps  and landing gear retracted.  

C B I F I D E I T I I L  
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

mQ AERONAUTICAL LABOBATOILY - WOFFETT BBELD, C A D .  



Figure 5.- Standard propeller on the l/5-scale model of 
the Rjran XF2R airplane. 

C Q I C I B E U T I & L  
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Figure 6.- Propeller with cuffs  unsealed on the 115 scale  model 
of the Ryan XF2R airplane. 

CBlF lDEWTIdL  
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Figure 7.- Propel ler  with cuffs  sealed on the l/5--scale model 
of t he  Ryan XF2R a i rp lane .  

C O N  F IDENTIAL  
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Ff gure 13.- Pressure orif ices atop spinner fairing and cowl. 
l/?---s cale 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. 

6 8 1 F l B E @ T I A L  
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
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Figure 14.- Pressure o r i f i c e s  i n  t he  oil--cooler f i l l e t .  
115--scale model of Ryan XF2R a i rp lane .  

G Q I F I B E U T I A L  
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
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Figure 17.- Detail view of the 115-scale model of the 
Ryan XF2R airplane showing the 3-inch-diameter hole used 
for discharging air from the cowl. 
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