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1.0 SUMMARY 

This report presents tije estimated performance; stability and con¬ 

trol characteristics of the Ryan Model 92 research airplane. The Model 

92 is a vertical and short field take-off airplane built to explore the 

full-scale flight characteristics of aircraft utilising the deflected 

propeller slipstream principle. 

The Model 92 has a maximum speed limitation of lfl5 knots ; true 

airspeed; at sea level. This limitation has been imposed due to the 

dynamic pressure loads on the airframe. The data shovn in this report 

indicate that a maximum speed of 195 knots, true airspeed, is possible 

at 25,000 feet. 

Vertical take-off is made vlth forward and aft flaps deflected 

35° (maximum deflection) and at military power setting. The model has 

vertical take-off capabilities up to 2940 pounds gross weight using 

military power on an ICAO standard day at sea level. 

Performance transition characteristics were unknown at the time 

of this writing; consequently, no techniques or procedures have been 

analyzed. 

Short field take-off characteristics are excellent since the 

thrust-to-weight ratio at military rated power (ICAO S.L. std. day) is 

I.57. Operating in this power setting, the model requires only 90 feet 

ground distance from brake release to wheels off. Operating in normal 

rated power, the model requires 98 feet and in 50 percent normal rated 

power the model requires 287 feet. These figures are based on a gross 

weight of 2352 
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pouudö on an ICAO standard day. On an Aj-ny-r/avy-Hot Day, (lO^F), the take¬ 

off distance is increased to lj6 feet at the military puver setting, 

abort field take-off talculntims essumed the ?orv«M flap deflected 

degrees and the aft flay deflected Id.6 degrees 

The 

10 

The airplane is statically and dynamically stable in the conven¬ 

tional flight regime, though exhibiting a loosely coupled r 11 and side¬ 

slip motion in the lateral-directional mode. The damping of this short- 

period oscillation and the handling characteristics of the airplane can 

be improved by adding end plates to the horizontal tail and by extending 

the span of the existing vfing-tip end plates. 

In hovering flight the airplane motions are characterized by an 

unstable pitch oscillation and an aperiodic divergence in the lateral- 

directional mode. The pitch oscillation can be stabilized by increasing 

the Pitch rate damping using an artificial damping device. Stabilization 

of the pitch oscillation makes the pitching motion easy to control and 

permits controlled flight to be maintained for extended periods of time. 

1 

■f 

X 
i 

The jet exhaust control nozxle provides adequate pitch and yav 

control for trim in low speed flight. The induced yaving moments 

resulting from use of the hovering roll control in transition flight can 

be minim zed by phasing this control out at low forvard speeds foil , wing 

vertical take-oí? (belov 50-40 knots). 
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2.0 UTOODUCTIQN 

This report vóõ written under the auapiceo of Item h, Annex A> of 

MIL-C-5C11A, Contract Nonr 2139(00) to assist pilot familiarization and 

present estimated performance, stability aM control characteristics. 

The Ryan Model 92 is a high-wing monoplane powered by a single 

Lycoming T-53 gas turbine engine located in the fuselage. Two three- 

bladed counter-rotating Hart sell propellers mounted on wing pylons are 

driven by the engine through a ayatem of geara and shafting. Vertical 

take-off and landing is accomplished by redirecting the propeller slip¬ 

stream downward by deflecting the two large-chord, slotted wing flaps. 

The performance portion of this report has been analyzed in four 

major divisionar (1) vertical take-off, (2) short field take-off, (3) 

transition, and (k) missions. Excellent research data was available for 

the vertical and short field take-off regimes; however, the transition 

flight regime investigation was seriously hampered by a lack of data for 

specific application to the Model 92. A wind tunnel test program, which 

is in progress at the Forrestal Research Institute, Princeton University, 

may provide much of the data necessary to adequately describe the transi¬ 

tion flight regime of the Model 92* 

The stability oral control analysis is divided into three major 

sections which embrace the conventional, hovering, and transition flight 

regimes. Both stability and control characteristics in the conventional 

and hovering flight regimes are analyzed, whereas in the transition flight 

2.1 
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regine consideration is given only to the control required for trim. 

In conventional flight, aerodynaaic control is obtained through 

the operation of an elevator, rudder and Blot-lip ailerons. Norml con¬ 

trol stick forces are provided by the aerodynamic hinge mooents of each 

of these controls. The horizontal stabilizer is adjustable in flight 

for longitudinal trim. 

For hovering and low-speed transition, flight, pitch and yaw con¬ 

trol are obtained from the reaction of the engine exhaust gaaes ejected 

from a controllable nozzle at the tail of the airplane. The exhaust 

nozzle is mechanically connected to and operates in conjunction with the 

elevator and rudder. Roll control in hovering flight is provided by 

differentially varying the pitch of the two propellers. Means are pro¬ 

vided for phasing the hovering roll control in or out during transition. 

All of the maneuvering controls are operated by mcvement of the pilot? a 

control stick and rudder pedala. 

The conventional airplane stability and control characteristics 

were based on theoretical methods for estimating aerodynamic derivatives 

and from HACA wind tunnel test data. 

Estimation of the hovering stability derivatives was based largely 

upon tests by NACA of propellers and models utilizing the deflected slip¬ 

stream principle. Hovering control characteristics were based on test 

data obtained by the Contractor. 

A three-view drawing of the Ryan Model 92 airplane is shown in Figure 

2.1. 

1 2.2 
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3.0 MKBOD Or APPROACH 

Tbc method of approach used In analysing the Model $2 required 

(l) cieflaiog tae physicttl charaoterlolics of the coaflgui'atioii# aul (2) 

analyzing the cooflguratlon to detemine Its performance, stability and 

control choracteriatice. 

3-1 Configuration Characteristics 

3.1.1 Physical Characteristics 

Wing 

Area, theoretical planform, aq. ft. 125.00 
Span, ft. 25« 
Aspect ratio >• U.^O 
Mean aerodynamic chord, It. 5«3^ 
Taper ratio 1.00 
Dihedral, deg. 0.00 
Incidence, root and tip, with reference to fuselage 

reference line, deg. 22.00 
Sveepback, quarter chord line, deg. 0.00 
Airfoil, root, normal to L.E. HACA khlÔ 
Airfoil, tip, normal to L.E. NACA k4l8 
Aileron hinge line, frei»; wing L.E., percent of 

wing chord k2.00 
Aileron area, one, aq. ft. 2.25 
Aileron choid, normal to hinge line, ft. 0.5^2 
Aileron span, along hinge line, ft. k.ló 
Aileron deflection nomal to axis of rotation, deg. Up 50.00 

Dvn 7.OO 

Flaps 

Forward Flap 

Area, planform, each, sq. ft. 33.93 
Span, each, ft. 10.31 
Aspect ratio, each 3.23 
Mean aerodynamic chord, each, ft. 3«29 
Taper ratio, each 1.00 
Flap deflection normal to axis of rotation, deg. Up 0.00 

Own 35.OO 

3-1 
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Aft Flap 

Area, plaoforo, each, aq. ft. 

3pan, each, ft. 

A-^pect ratio, each 
Mean aerodynamic chord, each, fe. 

Taper ratio, each 
Flap deflection normal to axle of rotation, deg. 

3.56 
2.98 
1.00 

Up 0.00 
Dun 35-00 

Wing Bad Platea 

Area, planform, each, sq. ft. 

Span, each, ft. 

Aspect ratio 
Mean geometric chord, ft. 

Taper ratio 
Airfoil, root and tip, normal to L.K. 

13.38 
3.20 
0.8J 
h.17 

0.55 
Circular L.E. with 

slab aides 

Horizontal Tail 

Area, theoretical planform, sq. ft. 

Span, ft. 

Aspect ratio 
Mean aerodynamic chord, ft. 

Taper ratio 
Dihedral, deg. 
Sveepb&ck, quarter chord line, deg. 

Airfoil, root and tip, normal to L.E. 

Elevator hinge line, percent tail chord 
Elevator area, total, aft of hinge line, sq. ft. 

Elevator chord, normal to and aft of hinge line, ft. 

Elevator span, ft. 
Elevator deflection, normal to axis of rotation, deg. 

Incidence angle range measured with respect to 

propeller shaft axis, deg. 

Vertical Tall 

Area, sq. ft. 
Span, ft. 
Aspect ratio 
Mean aerodynamic chord, ft. 

Taper ratio 
Sweepback, quarter chord line relative to top of 

foe elage, deg. 
Airfoil root and. tip, parallel to fuselage top contour 

Rudder, aft of hinge line, percent tail chord 

52.OO 
12.75 
3.II 
k. l6 
l. 00 
0.00 
0.00 

HACA 0012 

30.00 
15.50 

1.25 
12.50 

Up 20.00 
Dvn 10.00 

0 to +10 

18.8O 
k. kÔ 

l. 07 
h. 20 

O.57 

I7.OO 
NACA 0018 

31.20 

5-2 
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Vertical Tail (Cent1!) 

Rudder area, aft of hinge line, uq. ft. 
Rudder chord, iiornial to hinge line, ft. 
Rudder deflection, normal to axis of rotation, deg. 

Rudder height, ft. 

Fuselage 

Length, ft. 
Maxi mum Laslc depth, ft. 
Maximum basic width, ft* 

Miscellaneous 

Maxilíum height, ft. (static ground position) 

MaxiMUiu length, ft. 

Wetted Areag 

Wing, sq. ft. 
Flaps, sq. ft. 
Horizontal Tail, eq. ft. 
Vertical Tail, sq. ft. 
Fuselage, sq. ft. 
Pylons, gear boxes and drives, sq. ft. 

5.00 
IO! 

Left 2^.00 

Hi gilt 25-03 
3.73 

2Í.D7 
5.W+ 

2.56 

IO.67 
2/.67 

223.OO 
21+9-00 
102.00 
37.00 

353.CO 
1+0.00 

3.1.2 Weights 

The estimated weight and center of gravity data is as follows: 

'WEIGHT, 
LBS. 

c.K. LOCATION 
FUSELAGE FUBELAGÉ 
STATION, WATER LIEE, 

IN. 

Weight Empty I92Ó.9 131.6 78.75 

Gross Weight 2351-9 143-5 77.53 
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5.1.3 Pwcr Plant 

The power characteristic« of the Model 92 required anolyeia mm 

the Btandpolnt of (1) the engine, and (2) the propeller«. 

3.I.3.I Engine. The Model 92 contain* the «ingle TT-SJ-L-l described 

in Reference 1. The engine output va* determined at the output «baft by 

the following equation: (See Section 4.1.2.1) 

““■f output) ■ “'Wo (1 - O-09» 

Specification SEP wa* obtain*! free. Reference 1. 

The BHP at each propeller va« determined by the following equation: 

(See Section 4.1.2.1) 
BHP 

(prop) 
(1 - 0.0125) 

3.I.3.2 Propeller. The Model 92 baa two three-bladed counter-rotating 

propellers whose blade-form curres are shown in Figure 8,1. These propel 

1er« are 9 feet, 2 inches in diameter and were manufactured by Hartteil 

Propeller, Incorporated. The propeller efficiency and resulting thrust 

were determined by the method contained in Reference 2. 

3.I.4 Aerodynamic Character!stlca 

The lift and drag characteristics of the Model 92 were calculated 

for the flaps-up and down configurations by the methods shown in the 

following sections, 

5.I.4.I Drag Coefficient. The drag coefficient for the flap«-up 

5.4 
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configuration vas deterainpd by a suun&tlon of the drag coefficient« of the 

individual componentG. The- conponent drag incremente were obtained in the 

following manner: 

(a) Wetted areas were determined for all the campon en ta. 

(b) Equivalent drag arena were calculated by the methods of 

Reference 3> 

(c) Incremental drag coefficients were calculated by the methods 

of References k, and 5. 

(d) The drag coefficient for flap«-up and power-off was then 

found by a summation of all the calculated Increments. 

The drag coefficient Increment for flap deflections was calculated 

by the methods shown in Reference k. 

3.1.4.2 Lift Coefficient. The lift coefficient for the flaps-up 

configuration was determined from the section characteristics of the 

HACA 4418 (Reference 6) and applied to the specific wing by standard 

aerodynamic practice«. 

The incremental, lift coefficient due to flap deflection was cal¬ 

culated by the methods shown in Reference 4. 

3.I.5 Thrust 

Thrust required and thrust available are defined in the following 

sections. 

3.I.5.I Thrust Required. In level flight, the thrust required was 

5-5 
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determined from the faUovlng equilibrium equation« ; 

For the level flight regime, the wing angle of attack la used aa 

the criteria and consequently the angle of thrust is a minus 9 degrees. 

(The symbols are defined in Section 6.0). 

Solving for the lift coefficient gives: 

In order to evaluate the thrust required from the above expression, 

in which the angle of attack is a variable, an iteration method of solu¬ 

tion by an IBK 650 digital computer was utilized. 

3*1- 5*2 Bmxst Available. The installed thrust available and corresponding 

fuel flow rates were determined in accordance with the methods contained in 

References 1 and 2. 

The effect of individual engine and airframe characteristics on 

specification fuel flow was accounted for by a 5 percent increase as a 

service tolerance for all performance calculations. 

3.2 Performance Characteristics 

Performance characteristics were analysed by the foil wing methods 

3.6 
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to determine maxlmuo speed, stall speeds, rate of cliob, service celling, 

climb to altitude, eolurance, and range. 

3-2.1 Flight Envelope 

3-2-1.1 Maximum Speed. The maximum speed in level flight vas determiner 

by the Intersection of the thrust required and available curvea. 

3.2.1.2 Stall Speed. The pover-on etall speed for no flap deflection was 

determined from the following equation: 

Solving for stall speed involves successive approximations, since CT,o, 

and Fn vary with true airspeed. Values for stall speed ware assumed and 

corresponding values of were calculated. The intersection of the 

locus of these points with the 
( LMAx)rRIM 

curre 1b the a tall speed* 

The pwer-off stall speed for no flap deflection was determined from 

the fiilovirç expression; 

Solving for the power-off stall speed Involves the same iterative procedure 

as for power-on stall speed* 

J.2.2 Rate of Clljab 

Rates of climb or descent were computed from the following expression: 

CONFIDENTIAL 
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Ratea of cli*b vere calculated oaly for the flap« Reflected configuration 

3-2.} Service Ceiling 

Service celling, for the Model 92 «re not determined due to the leek 

of engine dete abo« 25,000 feet end «re not ooneldered Importent for thl. 

aircraft. 

3-2.4 Climb to Altitude 

3-2.4.1 Climb Schedule. The climb schedule vas obtained from the ratea of 

climb curvea and may or may not be the peaks of the curvea. The eaae with 

VhlCb a Pll0t fly a givei1 schedule dictates the climb schedule 
vithin limits. 

3‘2,if“2 ~-8 ~ta C11?^' ^ tlme to cllœt» from one altitude to another 

altitude v&a determined from: 

t « 

3*S^*3 -- UBed ia Clla^- used In climbing from one altitude 

to another altitude vaa determined frem: 

wfh * [<Vi " {<wf)i * z] t 

3'2'4'4 g^.-oatal Distance Gained in Climb. The horizontal distance 
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gair-d in climbing fron one altitiaie to another altitude vaa detcmined 

from: 

t 
V5 COG r5 - (Vc C0i 75- Vk cos W 

3.2-5 Endurance 

Endurance vae obtained by the folloving «e que nee: 

(a) The time axxl fuel uaed in a climb were part of the resulta of the 

IBM 650 computations. 

(b) Subtracting the amount of fuel used in climb gave the fuel re¬ 

maining for cruise. 

(c) Knowing the power setting and the fuel flow, the endurance in 

minutes was calculated for the cruising fuel. 

(d) Adding the time used in climb to the cruise time results in the 

total endurance. 

3.2.6 Range 

Range was obtained by the following sequence: 

(a) The horizontal distance and fuel used in a climb were part of 

the results of the IM 650 computations. 

(b) Subtracting the amount of fuel used in a climb gave the fuel 

remaining for cruise. 

(c) Knowing the power setting and the fuel flow, the range in terms 

of nautical miles was calculated for the ervlaing fuel. 

(d) Adding the distance gained in climb to the distance made in 

cruise results in the total range. 

3*9 
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J. 2.7 Wing Anal« of Attack ln Cllab 

lhe viag angle of attack in a cl lab vaa obtained from the same 

group of calculation* on the OM 650 digital computer vhich produced the 

rates of climb. 

3.5 Take-Off Characteristics 

3-:5.1 STD 

Short take-off characteristics were calculated for flaps deflected 

(forward flap 10°, aft flap 11.(5°) by the following expression: 

Hot day calculations were baaed on ANA standard hot day data (103°F 

at Sea Level). 

3.3.2 VTO 

Vertical take-off characteristics were calculated from the data of 

Reference» 7, 8, 9, 10 and 11. The VTO capabilities are based on the experi* 

mental result that 80 percent of the thrust is turned into lift after leaving 

ground effects. 

Hot day calculations were baaed on AKA standard hot day data which 

specifies 103°F at sea level. 

3.3.3 Traneition Characteristics 

The transition characteristics of the Model 92 were not known at the 

time of this writing. Consequently, no attempt has been mads to analyze 

3.IO 
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this flight regia«. 

3-4 Stability aod Control 

The stability and control characteristics of the Model airplane are 

based upon experimental test data and theoretical methods of estimation. The 

methods for determining the stability and control of the airplane in conven¬ 

tional and hovering flight and a brief treatment of the trim problem in 

transition flight are presente! in this section. 

3.^.1 Conventional Flight 

The major aerodynamic and physical characteristice used in the con¬ 

ventional flight static stability and control analysis are given in Table 3*1- 

3.4,1.1 Longitudinal Static Stability and Control 

Ofre btick-fixed, static longitudinal stability level of the airplane 

is given by 

(d 

'.The stability contributions of the fuselage, nacelles and power were 

determined by the methods outlined in References 3 and 12. The contribution 

of the horizontal tail may be expressed by 

total 

(2) 

3.11 
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where the dovnvaah paxeuaeter, de/da, wm estlaated fron the charts of 

Reference 13. 

: 

The neutral point vas found by Betting equation (l) e-ual to zero 

and solving for Xc.g» « 

c 

Due to the large size of the horizontal toil relative to the wing, 

the ving lift curv ^e vae corrected to include the tail lift by the 

following expresp 

o total (3) 

«> 

The static longitudinal stability of the airplane with the longitudinal 

controls free is given by equations (l) and (2) with the tail term rewritten 

as follows: 

The first term of the above expression gives the tail contribution to 

stability with the elevator free arxi the second term represents the effect of 

the tail exhaust nozzle which is mechanically connected to and "floats" with 

the elevator. The stick-free neutral point was found in the same manner as 

for the stick-fixed condition. 

'Die elevator hinge acment coefficients were based on the two-dimen¬ 

sional wind tunnel data of Reference 1¾. 
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I 
I 

The section data vao corrected for uind tuiuiel effects and trailing edge 

angle st* indicated in Reference lh and finally corrected to tl'cree- 

dimenaional flow by the method given in Reference 3- 

The general expression for longitudinal stick force is taken from 

equation (6-40) of Reference 3* 

K i p V2 A - K(V/S) 
dC 

dC, ■) 
(5) 

free 

where 

K = -0 Se ce 

A = Cha (ao • ^ + ^ + Gbe> 5«. 

The gradient of stick force with normal load factor was obtained 

from 

dP 
s _ K (W/S)ChÖ 

Caa 

dC 

dC 2-) - 57-5 K 8<t P/2 - 

L free 

a i.i g4ö 

(6) 

In order to determine the c.g. limits for normal airplane flight the 

following conditions were considered: 

A. Limits on forward e.g* 

1. maximum stick force per g gradient 

2. maximum up elevator deflection in landing configuration 

B. Limits on aft c.g. 

1. power on stick-free neutral point 

2. minimum stick force per g gradient 

3.13 
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moat forward penuisflable c.g. poeitioo for maximum up elevator 

deflection for the landing condition was found from: 

c. a. c 

max 

&uax 

(7) 

Sl.C. ClnfU3 Cm power n 
+ nac + 

a 
where the win« and tall angles of attach were modified due to the ground effect. 

For the purposes of this report, the c.g. positions as given in per cent 

mean aerodynamic chord axe projected normal to the thrust axis which in the basic 

airplane reference. 

3,4.1.2 Static Directional Stability and Control. The static directional 

stability level of the airplane is given by the following expression from 

Reference 3 : 

(s)„ ■ (sL, <sLp ^ ^ %+(%l ¥*£ 
nac 

(8) 

The contributions of the fuselage, nacelles, propellers and interference effects 

were obtained by the methods of Reference 3. The vertical tail size was deter¬ 

mined which provides the airplane directional stability level given by the 

following expression: 

(O = .000/-¾) 2 (9) 
^ pdesirable b -7 

•The directional static stability of the airplane with the rudder free is given by 

equation (8) with the tail term rewritten as follows: 

3.14 
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qs.rb 
(10) 

r r 

The first term of the above expression represents the vertical tail 

contribution with the rudder free and the second tern the contribution 

of the exhaust nozzle which ''floats" with the rudder. 

The rudder hinge moment coefficients were determined from the hing^ 

moment parameters given in Reference 15. The pedel forces were then calcu 

lated from the following expression: 

3.4.1.5 Lateral Control 

The rolling moment and yawing moment coefficients due to slot-lip 

aileron deflection were interpolated from the data of Figures 15 and l6 of 

Reference l6 for e. .42 aileron location for zero flap deflection. 

The hinge moment coefficients due to a slot-lip aileron deflection 

were interpolated from the data of Figures 15 and 17 of Reference 17 for a 

,42 c 0 aileron location and aileron hinge location of .¿5 c . 
w & 

The lateral stick forces were calculated from the following expression: 

% ^S.c- 
2 a a GR CbR ‘ GL CbL 

(12) 

The aileron-stick gearing ratios for the right and left aileron were determined 

by assuming a variation of aileron deflection with stick position.. 
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Hie rolling velocity paraoeter, *** calculated for a bojcíjiub 

lateral control stick force of 30 pounds by settin« equation (12) equal to 30 

pounds and determining the allowable aileron deflection and aileron hinge 

moment for various speeds. The rolling moment coefficients corresponding to 

these allowable deflectione were then used to calculate the resulting values 

0f pb^2V. 

where C.> *= 
‘'P 

of Reference 18. 

£b _ C¿ 

2V = ' (13) 

the daaplDg in roll parameter, T«ran obtained by method 1 

3*^-1Dynamic Stability. The dynamic stability of the Model 92 in the 

conventional airplane flight regime was investigated for zero flap deflection. 

The three-degree-of-freedom investigations of the longitudinal and lateral 

stability were conducted by solution of the épations of motion on an IBM 65O 

digital computer and an analog computer. These results were subsequently 

supplemented by a five-degree-of-freedam normal flight simulation by using 

two PACE analog computers and a cockpit equipped with control stick and rudder 

pedals and a CRT oscilloscope display of pitch* roll and yaw motions. 

The equations of motion used to determine the characteristic longitudinal 

three-degree-of-freedotc solution axe given as follows: 

ù + gO cos 7o - I^u - Xww - 0 (14) 

w - V q + g © sin 7o - Zuu - Z^v - z^w - Z^q = 0 (I5) 

q * lyi - Myw - Mvw - M(.q = 0 (l6) 
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These equutions repreoeiiL th^ longitudinal, aotioruj of the airplm^e about 

a ayntem of otobility iucee for omall perturbations. Tile stability axes 

sycten is ehovii in Figure T-l* 

The dimenaional stability derivative paramoters in the equations 

of motion ore derived in Reference I9. The non-dimensional static stability 

derivativee were developed from the static stability analyaia in Section 

3.4.I.I and the non-dimensional damping derivatives were calculated using the 

expressions given in Reference 19- 

The equations of motion used to determine the characteristic lateral- 

directional three-degree-of-freedan solution are given as follows: 

3 f r - 9 cos 7o - F sin 7o - Yy ß = 0 (IT) 

p - r • Li ß - l’ p - l/ r . 0 (18) 
ix ß p r 

I 
r - P - Nß ß - Np p - Hr r = 0 (l?) 

z 

Kiese equations represent the lateral-directional motions of the airplane 

about a system of stability axes for small perturbations. 

The dihedral effect of the airplane vas assumed to consist of 

contributions of the wing position on the fuselage, the ving-tlp end plates 

and the vertical tail. In equation form, 
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Tlic IncrQu-eatn due to th« wing were determined fron; Reference 3 and the 

col plate effect woa estiaited from the wind tunnel data of Referencee 20 

and 21. The tail term is the sideforce on the vertical tail times the 

distance free the tail center of pressure to the X axia. 

The sideforce derivative is broken down as follows: 

iß ^Yß 
+ C 

fuse ■Yß props (°w). 
4 C 

'Yß end 

plates 

(21) 

The propeller oM vertical tail contributions were determined from the 

static directional atability derivatives developed in Section 3*1*2. The 

fuselage contribution vae obtained from Table 10 of Reference 1J and the end 

plate effect vas estimated from the data of Reference 20. 

The cross or rotary derivatives are given by: 

cVv+ VS4 

■ (°0B+ w, 

(22) 

(23) 

The wing derivatives were estimated from Figures 10 and 13 of Reference 22 

and the tail terms were calculated from equations (21) and (30) of the same 

reference. 

Œie damping derivatives are given by: 

nr ' V “r 

% (%4 + (¾) 

(2k) 

(25) 
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The wing danpln^ in yav vrä es 

the wine dacplDü ím roll wac e 

astlaated fr« Fleure 15 of Reference i?5 »«1 

ectlr.ated fr« Method 1 of Reference 16. 

The vertical tall contribuíIona to yuv and roll darpiae were calculated 

fr« equations (29a) and (24) of Reference 22. 

A conventional flight slmulution va* set up on ansJ-og computers to 

facilitate studying the effects of changes In aircraft gecoetry on the 

stability ani control characteristics of the airplane and to Investigate the 

effectiveness of the various controls. stability derivatives used vere 

for the controls-fixed condition* 

The degrees of freedom used in the study were reduced to five by 

assuming no change in forward velocity fr« a given trim speed, thus elimi¬ 

nating the equation representing motion along the flight path. The equations 

° of motion used in the 5 degree of freed« study for a system of stability 

axes are given as follows: 

V = pv - rV + 8¾ sin 7Q + 8V cos 7o + Y^ß + YBr e>r 

qV - pv + g cos 7o + Z^a + ^ &e 

pr + M^a + M§e 5e + M¿á + M^q 

r 
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The aerodynamic derivatives used In both the 3 degree and 5 degree 

of freedom otudiea are presented In Table ).2. 

3.L.2 Hovering Control 

5.1*.2.1 Pitch and Yaw Control. Control in pitch and yav is obtained by 

directing the engine exhaust gasee through a swiveling nozzle at the tail of 

the airplane. The thrust forces expected from the neszling action were 

determined freo teets of a 1/3 scale model of the nozzle conducted by the 

Contractor. 

Äe magnitude of the maximum nozzle thrust is such es to provide a 

minimum angular acceleration of the airplane about the pitch axis of approx- 

imately one rad/sec and a minimum of 0.6 rad/sec about the yaw axis. 

The nozzle is controlled hy movins the pilot’s rudder pedals for 

yaw control ■the control stick longitudinally for pitch control. 

The forces available for pitch and yaw control were obtained from the 

following expressions: 

ö___ ° • 
(51) T 

pitch 

ö 
J2£ t 
Ô u 

G 

and 

‘yaw 
JB T 
ö n 
n 

(32) 

-¾ 
.¾ 

where 5 is the absolute nozzle deflection from the neutral position, 
n 

5.4.2.2 Roll Control. Hovering roll control is obtained by differentially 

varying the blade pitch of the two propellers by moving the control stick 

laterally. 
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The rolling aúnenta and yaving LioaientG due to differtntial pitch 

were estinated frc*n test data of Reference 7 by the following proceduret 

1. Äe iaec.oured rolling and javring moments were plotted vercus 

propeller r.p.o. for Hade angles of 6.9 and C.9 degrees. 

(Huns 28 and 29). The rolling and yawing uoaente at 2000 r.p.m. 

were then selected as being representative of actual operating 

conditions. 

2. As the propeller torque reaction opposed the aerodynamic rolling 

moment of the Model 88, an estimated torque was calculated from 

Q = (53) 

The torque was algebraically subtracted fron the measured rolling 

moment to obtain the net rolling moment 

J. The estimated hovering control rolling moment per degree of 

differential pitch and the associated yawing moment, about 

axes parallel and perpendicular respectively to the thrust axis 

were calculated from: 

and 

11 - = ¡ ÍJUL ) X -I - X 2 
d(Aß) LV A'3 -7 Med el 88 (y)^ 

(35) 

where - is the torque reaction due to blade pitch change and 
d (43) 

which is favorable in the case of the Model 92 with counter-rotating 

propellers. 
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The mount of Aifferentinl pitch required for roll control was such 

2 
as to provide a minlaua angular acceleration of one rad/cec about an axis 

parallel to the thrust axis. 

3.4.3 Hovering Stability 

It is beyond the scope of this report to present the analytical 

methods used for estimating the hovering stability derivatives. In general, 

the derivatives were based upon estimated effects of the propeller slip¬ 

stream (Reference 7 and NACA literature) due to small motions of the airplane 

and upon the direct forces and moments cn the propellers themselves. 

Inasmuch as the test data of Reference 7 was obtained in ground 

effect and the NACA propeller data was obtained out of ground effect, no 

attempt was made to define the hovering stability analysis as applying 

strictly either in or out of ground effect. 

During the course of the hovering simulation a time constant of .25 

seconds was used to simulate the time lag in the propeller hydraulic pitch- 

change mechaniam. 

The siraui a~Gor ^onsiated of tvo PACE analog computers and the cockpit 

described in Section 3.^ 1.4. In addition to the pitchy roll, and yav display; 

side velocity, forward velocity and altitude were presented to the pilot on 

instruments in the cockpit. Propeller thrust was controlled by simulating 

the collective pitch * control lever of the airplane. 

/ 

j.h.J.l Basic Equations. A system of body axes, an shorn in Figure 7.2, was 

used for the hovering flight analysis. The values of the aerodynamic and 

control derivatives are tabulated in Table 3«3» 
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the body axes syateo are given as follows : 

u = VT - wq - « cos ôo0 + Xuu + X^w + XöpQ + XjT (¿ó) 

w 

q 

(57) 

Jxz + MuU + V + M6¿ + ^pn V + V {ß) 

3.4.3.2 ABsumptloa and Limitations. The aaoumptions and limitations used in 

the hovering stability and control analysis are Usted as foUows: 

1. The X axis was assumed parallel to the thrust axis and to 

act through the center of gravity. 

2. The aerodynamic derivatives vere assumed to oe linear and 

to hold for small motions about a trimmed condition- 

5, The aerodynamic derivatives were not assumed to hold for 

steady-state translational velocities other than zero. 

4. The effect of free stream velocity was assumed to be small 

and woe neglected. , 

5. The engine angular momentum is small and engine gyroscopic 

forces were neglected. 
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3.^.** Transition Flight 

3.4.U.I Longitud l-nal Trim In Low-Speed night. In order to obtain 

representative data on the trim problem In transition, uae was made of 

model test data reported in Reference 10. Although these test results 

are not directly appliable to the Model 92 due to differences in geometry, 

c.g. location, number of propellers, etc., the data«rerepresentative of 

a flapped ving-propellar combination and axt used herein to indicate 

general magnitudes of the trim forces required. 

The method of Reference 11 was uesd in applying the data of 

Reference 10, to obtain relationships between propeller thrust, siirspeed, 

and lift at zero longitudinal force for a wing loading of 20 Ibs/ft . 

The pitching moment coefficients corresponding to the available lift 
0 

coefficients vere then used to cslculate the required tria forces. The 

nozzle thrust required was calculated from 

(*2) T 
n 

For the hovering case, the untrimmed pitching moment was obtained from 

Figure 8 of Reference 24. 

3.4.4.2 Directional Trim in Low-Speed Flight. Due to the lach of 

lateral-directional aerodynamic data of deflected slipstream aircraft in 

low speed flight, the directional trim problem was considered to arise 

solely from yawing moments induced by use of the hovering roll control. 

■ 5-2 
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The thru3t required, obtained by the method of Section J.L.L.l, 

was converted to propeUer thruot coefficient form in order to find the 

propeller blade angles required for the speed range investigated. The 

blade angle and the rate of change of thrust coefficient vdth blade 

angle change were found from the curves of Reference 25- 

The nozzle thrust required to trim the yawing momenta due to 

the differential propeller thrust was calculated from 

2y pn2 Vk (^T/ap) ^ * Cû5r C] 
ci Sb 5 hr- (^5) 

r 

3.4.5 of Inertia 

w 

The airplane momenta of inertia were obtained froa the detailed 

eight and balance statements. The momenta of inertia used in the 

conventional flight dynamic stability analysis were based upon a gross 

weight of 2508 pounds and are shown in Figure 5-1 as a function of angle 

of attack. 

It, ™»ti of inertia used in the hovering stability analysis 

„ere based upon a revised gross „eight of 2552 pounds and the body a»» 

values are given in Table 5.3» 

ï.25 
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TABLE 3-1 

AERODYNAMIC A?0) PHYSICAL CHARACTERISTICS USED FOR STATIC STABILITY AND 



.J« 

í Verticnl Tail: 

AR (effective) 

Cr. per deg 
a 

Cl, per deg. 
Xia 

Chô deg- 

Cn„ per deg 
ör 

l *ft 
V 

G rad/ft 

Control Koszle 

l ft. 
n 

dT^/dÖ^ Ibe/deg 

dT^/dö^ lbs/deg 

CONFIDENTIAL 

IMPORT ZO. 9120-2 
,7T\ 

TA3LK 3.1 (Cout'd) 

5f = (0/0) 

1.66 

.0½ 

- .003½ 

- .on4 
\\ 

- .001275 

.4o 

1.0 

11.8 

1.48 

16.0 

12.0 

7.0 

3.37 

* 
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4 
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I 
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TABLE 3-2 

CONVENTIONAL PLIGHT STABILITY AXES 

AERODYNAMIC DERIVATIVES 
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T/UiLS 1-).2 (Cont'd) 

^Uiintlty 

»-o 

Gn, 

a 

4%l 

Ciuá 

'ra6. 

m 

Dimenoion 

per rad. 

per rai. 

per rad. 

per rad. 

per rad. 

per rad. 

per rad. 

per rad. 

per rad. 

per rad. 

slugs per 

ft.5 

slugs 

Cue I 

.144 

• 037¿ 

.051 

-.(7728 

.0065 

.583 

- .561 

-1.97 

-13.1 

-1.34 

.002378 

71.5 

C&B. II 'ase III 

.144 

.0448 

.043 

.0728 

.0085 

.585 

.581 

-1-97 

■13.1 

•1.34 

C02378 

71.5 

.144 

.049 

.038 

- .0728 

.0098 

.583 

- .561 

-I.97 

■15.1 

-1.34 

.002378 

71-5 

Cape IV 

.144 

.051 
i 

.035 

- .0728 

.010 

.583 

- .561 

-I.97 

■13.1 

-1.34 

.002378 

?! >5 

Case V 

.144 

.052 

• 0335 

- .0728 

.0105 

.583 

- .501 

-1.97 

-13.1 

-1.34 

.002378 

71.5 

3.29 
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TABLE ¿O (Cont'd) 

Derivative Dimenaion 

L¿ yn 

N 
V 

N- 

V 

o 
1/deg-sec.^ 

1/ft-aec. 

1/sec. 

l/sec. 

l/deg-sec.2 

l/deg-sec.2 

f(Tn) 

- .01156 

.375 

- .13^ 

f<Ta) 

.263 

■ IIMI 
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u.o Discussion 

Determining the performance charttcteriotice of the Model ')2 

retired (1) determining the phyeical characteristics of the several 

configurâtIona, (2) calculating and analysing the performance characterietics, 

and (3) defining the mission. 

4-.1 physical Characteriatics 

The I*! del 92 ia a high wing, single engine, twin propeller, two place, 

vertical rising or short tale-off airplane. The physical characteristics of 

weight, power plant, aerodynamic characteristics and thrust are discussed in 

the following sections . 

4-.1.1 Weight g 

The last weight statement available for the Model 92 shows the follow* 

ing information: 

WEIGHT 

Weight Empty I926.9 

Cross Weight 2351-9 1*0-5 77*58 

c.fl. LOCATION 
fUÖELÄGE FUSELAGE 
STATION WATER LINE 

151.6 78^75 

Foi-e and aft accelerations are limited to - 2.4 gf3, due to engine mount 

structumLliiiii tat ions, and vortical accelerations are limited to +3 5 5 

g's because of airframe structural limitations. 

k.l 
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U. 1.2 Pover Plant Chara-cterlatlca 

The pover plant characteristic« of the Model 92 had to be analyzed 

fron the standpoint of (l) the engine and (2) the propellers. 

4.1.2.1 Engine. The airframe contains a single Lycoming YT-55-L-1 turboprop 

engine described In Reference 1. The engine specification data were corrected 

for installation loases by the methods of the above inference and the resulting 

SHP vaa considered to be acting on the drive shaft emanating fron the engine. 

The pover train Is shown In Figure 4.1. The RFM's are maximum allowable. 

FIGURE 4.1 

SCHEMATIC DIAGRAM OF THE POWER TRANSMISSION SYSTEM 

CONFIDENTIAL 
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A 6 percent losa lu SI? due to the exhaust noxxle restriction and 

3 percent loes In SUP due to the Inlet duct configuration have been estimated. 

3oth of the ab eve losses were based on static conditions; however, the avail¬ 

able information indicates that these percentages will not change significantly 

with forward speeds. 

The losses from the engine output shaft to the propeller shaft are due 

to th¿ gear boxes anJ universal Joints between the engine and propeller. These 

estimated losses are relatively small, being only l/2 of 1 percent for each 

gear box and l/2 of 1 percent for the four universal Joints. 

Wie specification fuel flows hare been adjusted for the installation 

losses and a 5 percent service tolerance factor included in the computations 
a 

to account for engine and airframe deviation from the blueprint installation. 

4.1.2.1 Propeller. Wie method by which the propeller data were analyzed gives 

good agreement with the value calculated by the propeller manufacturer, i.e., 

1843 pounds of thrust pier propeller at 1700 RPM for static conditions. Since 

propeller efficiency must be calculated for each specific case, a curve of 

propeller efficiency, has not been presented in this report ■ 

4.1.3 Aerodynamic Characteristics 

Lift and drag coefficient calculations were based on a wing plan-form 

area of 125 square feet for normal flight and take-off calculations. The wing 

plan-form area becomes a variable when the flaps are extended; 

4.3 
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however7 all the lift and drag coefficients have heen based on the plon-forta 

area of 125 square feet. Figure 8.2 (in Section 8,0) presents the power-off 

lift versus drag coefficients for the operating range of flaps; however, the 

maximum flap deflections permitted at this time are 35 decrees forward flap 

and 35 degrees aft flap deflections due to structural, air loads, and lift- 

drag considerations. Figure u*3 presents the lift coefficient versus ringle 

of attack for power-off and flqp deflections. 

k.l.h Thrust 

The Lycoming YT-53-L-1 engine specifications nre shown in Reference 1 

and give the manufacturera engine perfoiwance curves of SHP nnd fuel flow. 

All i*116! flows have heen increased by 5 percent when used in the perfomiance 

calculations to account for manufacturing tolerances. 

^-1^-1 Thrust Required. Thrust required was determined fron the drag 

characteristics of the configuration being investigated. Figures 8.4 through 
o 

8.9 present the thrust required at various altitudes and airspeeds for three 

weights . 

Thrust Available. Thrust available was determined by subtracting the 

installation losses (including gear boxes, tailpipe area reduction, .and inci¬ 

dental losses) fron the engine specification shaft horsepower and transforming 

the remaining horsepower into net thrust of the engine-propeller combination. 

The installed thrust curves are superimposed on the thrust required curves 

of figures 8.4 through 8.9. MRT and ÏJRT refer to the net thrust obtained-from 

the engine-propeller ccrabination for Military Rated Power and Normal Rated 

Power settings, respectively. Thrust available on an ANA standard hot day is 

presented for two power settings in Figure 8.10, Fuel flows for the various 

power settings are presented in Figures 8.11 though 8.15. 
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4.2 Perforpftnce 

The resulta of the calculations for B&xlisum speed, «tall speed, rate 

CT climb, service ceilin-j, clini) to altitude, endurance, range and vins anßle 

of attack in climb arc diccusaed in the folloving sections. 

1(..2.1 Flight Envelope 

4,2.1.1 Maximum Speed. Maximum speed was determined by the interaection of 

the thrust required - - thrust available curves of Figurer. 8.4 through Ö.9- 

The results of these intersections are ahovn plotted in Figure 8.16 and 

indicate that a apeed of 195 knots, true airspeed, occurs at 25,000 feet 

altitude. This may or may not be the maximum speed since engine data is 

available only up to 25,000 feet. The limit speed frac; a structural stand¬ 

point is 185 knots true airspeed sea level; consequently, operation at full 

throttle will be restricted to that setting which will not exceed the 185 

knots limit speed. Weight appears to have little effect on maximum speed up 

to the 25,000 feat altitude for a given power ¡jetting. 

Figure 8.16 also presents the maximum airspeeds for NRT, 90 percent HRT, 

75 percent HRT and 50 percent NRT, in addition to the MRT curve. Three climb 

schedules also appear on Figure 8.I6, and it will be noted that there ie very 

little difference in speed between the climb schedules for the several power 

settings. In the ultimate analysis, one climb schedule appears to be feasible 

for all the power settings with very little sacrifice in climb performance. 

Figure 8.17 presents the limit speed at all the various flap deflections 

and shows the maximum speed fresa the structural limitations criteria with the 

4.5 
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flap« undcflected (I85 knots true airspeed). 

-•2.1.2 Stall Spieeda. ?over-on stall speeds for varloue weights, altitudes, 

power settings, and Í.aps undefleetea ai*e sliovn in Figure 8.18 through 0.22. 

These data show that a minimum stall speed of 35.5 knots occurs at sea level 

and 2,000 pounds gross weight. This airspeed increases with either an increase 

in Weight and/or altitude. The data presented above are for the no flap 

deflection configuration and MRT. Power-off stall speeds are presented in 

Figure 8.23 for flaps undeflected and three weights. Again, the minintum 

stall speed (56 knots true airspeed at a groas weight of 2,000 pounds )occurs 

at sea level. 

4.2.2 Rate of Climb 

Rate of climb was determined by the difference in thrust available and 

required as seen in Figures 8.4 through 8.9. The results of these calculations 

for rate of climb are presented in Figures 8.24 through 8.53 for 5 power 

settings (MRT, NRT, 90 percent NRT, 75 percént MRT, and. 50 percent URT) and 

weights of 2,000, 2,200, and 2,400 pounds. An inspection of these curves 

reveals that a climb schedule which is constant for all weights is possible 

with little if any deleterious effects on rate of climb. Consequently, an 

average climb schedule is the recommended schedule in the interest of simple 

pilot operating techniques. 

4.2.3 Service Celling 

Service ceilings were not determined for the Model 92 due to a lack of 

engine data above 25,000 feet. 

4.6 
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Clir* to Altitude ..- m - ( 

1,,2.11.3 Time to Ci lab. Time to climb to altitude vac based on the cl lab 

ochcdules of Figure 9-l6> an<l the i-esults of the calculations are presented 

In Figures 8.54 through 8.58. Since 5 power settings are under consideration, 

the time to climb curves are presented as a function of the power parameter. 

4.2.4.2 Fuel Used In Climb. Fuel used in climbing from one altitude to 

another waa based on the climb schedules of Figure 8.I6, and the results of 

the calculations are presented in Figures 8.54 through 8.58 «ad again in 

Figures 8.59 through 8.65. 5 power settings were used, and the results are 

shovn plotted for each of the power settings. 

4.2.4.5 Horizontal Distance Gained in Climb. The "on course" distance gained 

in climb was based on the cllaib schedules of Figure 8.16 and the results of 

the calculations are presented in Figures 8.59 through 8,65. 5 power settings 

were used, and the results are shown plotted for each of the power settings. 

4.2.5 Endurance 

Endurance, as presented in Figures 8.64 through 8.68, was based on the 

amount of fuel required to climb in a Military power setting, and then on the 

rate of fuel consumption at each of the 5 power settings under consideration 

until the basic fuel load of 30 gallons was expended. The cruise endurance 

was based on cruising at the airspeeds of Figure 8.I6 for each power setting 

and altitude. 

4 
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4.2.6 Bange 

The range was also based on cliicblng at a iriilltary power getting 

and then cruising out at each of the five power settings until the fuel 

was expended. Figures 8.69 through 8.73 present the range based on the 

speeds shown in Figure 8.I6 for each of the power settings. 
c 

4.2.7 Wing An.;,le of Attack in Climb 

The wing angle of attack in a climb was also obtained from the rate 

of climb calculations performed by the IBM 65O digital computer. The 

actual angles as presented in Figures 8.74 through 8.78 were those obtained 

at the climb schedule airspeeds of Figure 8.16 for specific power settings. 

To obtain fuselage angle of incidence, subtract 22 degrees from the wing 

angle of attack. 

4.3 Take-Off Characteristics 

The analysis of the take-off characteristics required analysis of 

three basic flight regimes: (a) short take-off; (b) vertical take-off; 

(c) transition characteristics. 

■ 4.3.I Short Take-Off 

The STO calculations for an ICAO standard day indicate that it would 

require 90 feet ground distance from brake release to wheels off in the 

Military pbwer setting. The flaps were considered to be deflected 30.9 

percent of their total deflection (forward flap down 10° and the aft down 

11.6°) which gives a CT of 2.37 and Cn of 0.640 at a wing angle of attack 
L u 

of 20°. 

:d 
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The hot day STO calculation* were based on a sea level tercrerature 

of 103° F as shown In AHA Bulletin ^21. The configuration was the same as 

for the standard day, and the results of these calculations indicate that it 

would require I76 feet from brake release to wheels off on a hot day. 

Figure 8.79 presents short take-off distances for the several power 

settings (ICAO standard day). 

h.3.2 Vertical Take-Off 

Vertical take-off is possible by virtue of the fact that 80 percent 

of the thrust is converted to lift by deflecting the slipstream downward as 
0 

shown in the experimental data of Reference J. Figure 8.80 presents the 

results of the VTO calculations for thrust to weight ratios of 1.0, I.05 

and 1.10 at power settings of Military, Normal and 90 percent Normal on an 

ICAO standard day. The forward and aft flaps were assumed to be deflected 

35 degrees for these calculations. The results of this figure show that 

it would be possible to rise off the ground at a groas weight of approximately 

2940 pounds. Since the Model 92 weighs only 2350 pounds, with one person 

aboard, there remains ample thrust for vertical take-off and acceleration 

upwards. 

Data in Reference 7 show that when the airplane is operating within 

ground effects it ie possible to convert 95 percent of the propeller thrust 

into lift. After leaving ground effects the same reference shows that only 

80 percent of the propeller thrust is converted to lift; consequently, the 

latter number was used in all VTO calculations. 

4.9 
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.citicétl cukü-c'fi on a hot ciÄy would be lowered in terras of weight 

lifted due to a reduction In thrust. On a hot day of 103° F the thrust ia 

reduced fron a Military setting of 36C6 pounds to a Military setting of 

25S0 pounds or a reduction of 29-9 percent in thrust due to the temperature 

increase. This reduction in thrust allows only 2o6o pounds to he lifted 

vertically which leaves a deficiency of approximately 290 pounds excess 

veignt. 

The figures upon which the VTO calculations were based are slightly 

conservative; consequently, the airplane should be able to better the 

estimated performance by some small margin. 

i 
; 

• 3• 3 Transition Characteristics 

The transition characteristics of the Model 92 were not known at the 

time of this writing, Conaequently, no attempt has been made to analyse 

this flight regime. 

4.4 Missions 

4.4.1 Test Mission 

1. Allow 2 minutes for start, warm-up and checks. 

Power Setting = 50 percent Normal Rated Thrust 

Fuel Flow = 386 Ibs/hr 

Fuel Used = 12.9 lbs 

2. Allow 30 seconds for STO and clean-up. 

Power Setting = Military Rated Thrust 

Fuel Flow ~ 615 lbs/hr 

Fuel Used = 5.I lbs 

'0 

a 
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J. Climb to teat altitude of 5>OCO feet. 

Power Setting = Military Ra4ed Thrust 

fuel Flow = 5^0 Ibc/hr 

Fuel Used = 9.0 lbs 

Time = O.9 minutes 

4. Hover at 5,000 feet until 10 percent of the fuel 

remains (20 lbs.). 

Power Setting - Approximately 95 percent Normal Rated Thrust 

Sat start of hovering, reducing to approxi¬ 

mately 90 percent Normal Rated Thrust as 

fuel is burned out. 

Fuel Flow = 4-97 Ibs/hr (average) 

Fuel Used - 148 lbs 

Time = 17.9 minutes 

5. Assume no fuel used in letdown and fuel expended after 

taxi back to parking area. 

6. Summary 

Initial Fuel = 195 1^3 
« 

Fuel Used to 
End of Hovering = 175 lbs 

Time elapsed to 
End of Hovering * 21.5 minutes 

4.4.2 Ferry Mission 

1. Allow 2 minutes for start, varm-up and checks 

Power Setting = 50 percent Normal Rated Thrust 

Fuel Flow = 386 lbs/hr 

CONFIDENTIAL 
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Fuel Uaed = 12.9 lb* 

Distance = 0 nautical alles 

2. Allow 30 seconds for VTO and transition. 

Power Setting * Military Rated 'Rirust 

Fuel Flow = 615 Iba/hr 

Fuel Used = 5.1 Iba 

Distance » 0 nautlcsO. alles 

3. Climb to cruising altitude of 25,000 feet. 

Power Setting ■= Military Rated Thrust 

Fuel Flow = 44o Ibs/hr (average) 

Fuel Used - W lbs 

Time = 6 minutes 

Distance = 8.5 nautical miles 

4. Cruise at 25,000 feet until 10 percent of total fuel 

remains (20 Iba). 

Power Setting = 50 percent Normal Rated Thrust 

Fuel Flow = 171 lbs/hr 

Fuel Used = II3 lbs. 

Time * 39-6 minutes 

Distance = 88.^ nautical miles 

5. Assume no distance gained or fuel uaed in letdown and. 

fuel expended after taxi back to parking area. 

CONFIDENTIAL 
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6. Suinnory 

Initial Fuel = 195 lbs 

Fuel Used to 
End of Cruise = 175 lb a 

Time Elapsed to 
End of Cruise = 48.1 minutes 

Distance to End 
of Cruise » 96.9 nautical miles 

4.15 
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**• 5 Stability and Control 

The estimated stability and control characteristics of the Ryan Model 

92 airplane for the convent!, hovering, and transition flight regimes 

are discussed in this section. 

4.5.1 Conventional Flight 

The conventional flight characteristics were analyzed for zero flap 

deflection and for the front flap deflected 10° and rear flap 11.6° which 

represents a landing configuration. The speed range of the conventional 

flight regime is from approximately 50 knots to the maximum design speed of 

the airplane. The major aerodynamic and physical characteristics used in 

the static stability and control analysis were presented In Table 3.I and 5.2. 

! 

k.Static Longitudinal Stability and Control 

The eetiaated static longitudinal stability contributions of the fuse¬ 

lage and nacelles, ving, pover effects, and horizontal tail are shown in 

Figure 8.81. The curve representing the total of the contributions has a 

stable slope of dC^/dC^ =-.11 with the c.g. at .515 c. 

The elevator angles required for trim and the tail incidence angles 

required for trim with zero elevator deflection are shown in Figures 8.82 

and 8.83, respectively. Larger trim deflection ranges are required with 

power-off than with power-on because of the destabilizing effects of power. 

As shown in Figure 8.83 the condition with flaps deflected and with power-off 

requires the largest change of tail incidence angle (8.5°) for trim over the 

range of lift coefficients. 

CONFIDENTIAL 
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The longitudinal stability with the controls free la shown in 

Figure 6.¾ an a function of airspeed. Freeing the elevator reduces the 

stability margin from .11 to .052. The destabilizing affect of the free 

nozzle increases with decreasing airspeed and results in neutral stability 

at a speed of approximately 68 knots. With power-off, the airplane is 

stable stick-free over the entire conventional flight speed range. 

Figure 8.85 shows the variation of longitudinal control stick force 

with airspeed. The stick force variation is stable and the forces can be 

trimmed to zero with less than 2 degrees change of stabilizer incidence 

angle. The control nozzle effect was neglected in the stick force calculations. 

The various c.g. limits are shown in Figure 8.86. The most forward 

permissable c.g. position imposed by the landing condition with full up- 

elevator deflection is at 3. The most aft c.g. position is determined by 

the minimum allowable gradient of stick force with normal load factor which 

was set at 6 lbs. per g. This criterion places the most aft c.g. position 

at .55 e and results in a useable c.g. range of .12 c. Also shown in Figure 

8.80, the c.g. position determined from weight and balance estimates is 

veil vithin the established limits. 

4'5-1,2 Static Directional Stability and Control. 

The static directional rudder-fixed stability of the airplane, (c^) 

is estimated to be .0011 per degree. With the rudder free, the stability 1^ 

reduced to .OOO7. Figure 8.87 shows the effect of the free control nozzle, 

reducing the stability to zero at a speed of 65 knots. The effect of the 
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nozzle reeult« In neutral directional and neutral longitudinal stability 
I 

at api roxlmately the sane speed (aee Figure 8.&1). 
[ 

The rudder Is capable of producing one degree of sideslip per degree 

of rudder deflection. The gradient of rudder pedal force with sideslip angle, 

presented In Figure 8.88, shows that a rudder pedal force of 72 pounds is 

required to hold a sideslip angle of 10 degrees at I85 knots. 

4.5.I.3 Lateral Control 

Rolling manent and yawing sionent coefficients due to deflection of 

the right-wing slot-]ip aileron are plotted In Figure 8.89 for various 

values of wing angle of attack. The yawing manent coefficients are favoráble 

except for intermediate aileron deflections at 20 degrees angle of attack. 

These data, taken from Reference 16 were obtained fron a right hand semi-span 

wing modeland are for an unflapped wing. Testa of a slot-lip aileron 

operating in the slot ahead of a trailing edge slotted flap, reported in 

Reference 26, show that the aileron effectiveness increases with Increasing 

fxap deflection. This increased effectiveness should prove to be beneficial in 

the trans.tion flight region where the hovering roll control means ia not utilized. 

The hinge moment coefficients due to deflection of a single slot-llp 

aileron are shown in Figure 8.90 for wing angles of attack of 0 and 15 degrees. 

These data are for an aileron with Its hinge axis at .25e . 

The ailerons of the Rj in Model 92 airplane, though similar to spoilers 

in operation, are differentially geared together to insure positive aileron 

control and to eliminate unbalanced stick forces at the neutral stick position. 

CONFIDENTIAL 
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The assumeu control etlck-alleron linkage i-elatlonshlp presented In Figure 

6.91 war used for stick force calculations. 

Lateral control stick force versus control stick displacement is 

shown in Figure 8.92 for two airspeeds. The non-linearities result from the 

ncn-linear hinge moment variations in Figure Õ.90. 

The estimated rolling performance for a maximum control stick force 

of JO pounds is presented in Figure 8.93. Full control deflection can be 

maintained to a speed of II5 knots at which point the value of pb/2V is .075. 

The non-linear variations in pb/2V and the roll rate at the lover speeds is 

due to the variation of the rolling mment coefficient with angle of attack. 

(Figure 8.89). 
.ft 

^.5-1-1) Dynamic Stability 

The results of the solution of the three longitudinal equations of 

motion are summarized in the following table. 

TABLE 4.1 

LONGITUDINAL 0ÏNAMIC STABILITY CHARACTERISTICS 

V * I50 Knots 

Roots p 

-.0652 

-.166 

-3.71 - 3.54,1 1.23 

The short period, oscillation is veil damped requiring only .152 cycles 

to damp to half amplitude. The normal phugoid mode is replaced by the two 

4.17 

hà. 
IO.60 

4.18 

.187 

ca, cps 

.813 
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negative real roots indicating two crnvorcerces. Thiii is possibly due to 

the effective drag cf the propeller thruet which varice inveraely vith speed. 

High dre-gs are known to damp the phugoid mode. 

The lateral-directional characteristics of the airplane, as determined 

by the 5 degree of freedom analog computer analysis, are shown in Figure 8.9^ 

in terms of the damping criteria of Reference 27- The high-speed case is 

satisfactorily damped but the low speed case ia marginal. The effect of speed 

on the period and damping of the short period oscillation is shown in Figure 

Ö.05. The average period is about 5.5 seconda corresponding to a natural 

frequency of .286 cycles per second. The time required to damp to half 

amplitude increases rapiiily with decreaeing airspeed, resulting in the rela- 

tively poorer damping characteristics at low speeds , 

AIthough the ratio of to Cnp is large, the values of the ratio of 

roll to sideslip, q»/ß, are in the normal range. As shown in Figure 8.96, 

cp/ß increases linearly with increasing airspeed. 

A five degree of freedom analysis was conducted to investigate possible 

cross-coupling of the lateral-directional motions with longitudinal motions 

and to facilitate studying the changes in aerodynamic derivatives required 

to improve the lateral-directional damping characteristics. Typical analog 

time histories are shown in Figures 8.97 and 8.98 of the response of the 

airplane to a sideslip disturbance. 

A sideslip disturbance introduces a small disturbance in pitch throu^i 

the inertia coupling terms. Since the longitudinal motions are well damped, 

however, primary emphasis during the simulation waa placed upon studying the 

CONFIDENTIAL 
4.18 



CNfnmui 
Fi'PORT fíO. P2P0-2 

l«ter«l“<lire(rt.lonal characteristics, particularly at th- lo^r speeds. 

The principal factors believed to adversely affect the stability and 

handling characteristics were a large product of Inertia, resulting irom a 

downward inclination of the principal axle, and rolling mments due to the 

vertical tail. 

Reductions in ving incidence angle to reduce the product of inertia 

and moderate Increases in the static directional stability, while improving 

the damping characteristics, did not, fran the viewpoint of pilot observation, 

appreciably improve the handling characteristics of the airplane. 

The major results of the 5 degree of freeden simulation are shown In 

Fipgure 8,99. The effects of lower-surface end plates on the horizontal tail 

and of arbitrary reductions in the airplane's dihedral effect are shown. The 

end plates were 9.0 ft? each in area and increased the static directional 

stability of the airplane by a factor of approxinately 4.0. However, due to 

the height of the tall above the longitudinal axis, the end plates also served 

to increase the airplane's dihedral effect. 

For the low speed case of 68 knots, considerable improvement in damping 

is noted by the addition of the end plates, and some additional improvement is 

gained by a reduction in dihedral effect. As noted in Figure 8.99 the dihedral 

is given in terms of wing geometric dihedral angle. 

For the high-speed case of 178 knots, addition of the end plates results 

in only a small improvement in damping and. introduces an extremely high value 

of <p/ß. Reducing the effective dihedral, however, results in a highly damped 

configuration with a better value of */?. 
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For both speeds a wing dihedral angle of -2 degreao yields the best 

danping characteristics. Preliminary calculations have Indicated that by 

extending che span of the lover surface ving-tip end plates, to increase the 

end plate area by percent, a reduction in dihedral effect equivalent to the 

required win , ihedra.L angle of -2 degrees can be achieved. 

Qualitative analysis in the form of pilot opinion indicated the above 

simulated modifications to the airplane resulted in improved handling character 

istlcs. Flight testing the airplane will further serve to determine the degree 

of airplane configuration modification required to insure acceptable lateral- 

directional flight characteristics, 

4.5.2 Hovering Flight 

The following sections discuss the Ryan Model airplane hovering 

f-ight characteristics. The hovering flight regime is considered generally 

to apply to a zero speed condition but may also apply to small translational 

velocities of the order of 10 knots. 

4.5.2.I Hovering Control. The estimated forces developed by the pitch and 

yaw control nozzle are presented in Figure 8.100,, The normal force acts 

perpendicular to the centerline of the exhaust pipe and the forward component 

acts along the exhaust pipe centerline. A small additional airplane nose-up 

pitch an^le will be raquired to balance out the forward component. However, 

no pitching moment is created since this ccarponent acts through the c.g.. 

differential propeller pitch provides a powerful means for roll control 

in hovering flight. The major unknown is the time lag of blade angle change 

ê 
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ciue to the hydraulic cechaniao in the propeller hub. The responoe charac- 

teriatice of the roll control system can be determined during the ground test 

program. 

The following table sunmariaea the estimated angular acceleration 

capability of the airplane with full control diaplacemanta for attitude 

control about the three body axes. 

TABLE 4.2 

ANGULAR ACCELERATION CAPABILITY IN HOVERING PLIGHT 

W = 2350 Lbs. 

Control Control Angular 2 
Displacement Manent, ft. lbs Acceleration, rad/aeç_ 

t 20 2060 

í 300 2210 i-10 

Í 30° 2210 -81 

4.5.2.2 Hovering Trim. The center of gravity of the airplane vas located 

to minimize any pitching moments due to the resultant lifting force of the 

wing-propeller combination. The approximate location of the resultant force 

was determined from analysis of test data of Reference 7- The location of 

the resultant force vector shows no tendency to shift with changes in propeller 

thrust, hut there is a shift due to ground effect. Removal of the ground plane 

used for the tests of Reference 7 resulted in a forward shift of the resultant 

force of .075 c . A shift of this magnitude in the case of the Model 92, 
V 

coupled with a reduction in the turning angle of 6 degrees, requires a change 

in trim equivalent to l8 percent of the available control pitching moment. 

Axis 

Roll 

Pitch 

Yaw 
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:».5.2.3 Hovering Stability. .11 though the a»Jor effort in the hov«pins 

atability analysis was conducted on the analog computer simulator, the 

stability characteristic« vere also obtained fron IB4 digital coaiputer 

solutions of the equations of motion and are sunsarized In Table U.3. 

TABLE 4.3 

HOVER HT} STABILITY CHARACTERISTICS 

Longitudinal 

ROOTS p sics. (ù CPS 

- .1456 

-1.496 

.1929 - .8855J 

4.75 

.463 

-3.60 6.93 .144 

Lateral-Directional 

ROOTS P SECS. 

i
 

m
 œ CpS 

- .159 

.6529 

-1.214 í .488J 

4.36 

-1.06 

.570 4.80 .207 

The longitudinal motion is characterized by two negative real roots, 

indicating speed stability, and a pair of con®lex roots corresponding to am 

unstable oscillation. These results are in agreement with statements made 

in Reference 28 and with results of NACA•free-flight model tests reported in 

References 29 and JO. 

S 

I i The lateral-directional motion is characterized by a stable oscillation. 
i ' 
I a convergence and a divergence. A divergent motion, involving translational 

side velocity and rolling, vas noted in the tests of References 29 and 3D. 
1 
Çà 
ñ 
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i « 
4 

Tile simulator studies indicated thr.t the laterai-dircctionaluotions 

cculd be controlled provided the side velocity vac maintained at low values. 

i . 
.nen the side velocity exceeded approxirately 20 ft/sec. loss of roll control 

I 

vas experienced and the motion diverged . 

The pitch oscillation, though of long period, was difficult to control, 

particularly vhen trying to maintain lateral control simultaneously. Analysis 

of the time histories obtained during the hovering simulation revealed that 

in 6 degrees of freedom, the motions could be controlled for approximately 

25 seconds. Increases in the pitch damping readily stabilized the pitch 

oscillation and indicated the capability of a stabilization system to improve 

the hovering longitudinal handling characteristics of the airplane. 

^.5■3 Transition Flight 

The following sections discuss the longitudinal and directional trim 

characteristics in low speed flight. The transition flight regime includes 

speeds from, zero forward flight to a flaps-up level flight speed of approxi¬ 

mately oO knots. 

^•5’3-1 Longitudinal Trim in Low-Speed Flight. Figure 8.101 shows the forces 

j- required to trim the pitching momenta to zero as a function of speed. Tail 

lift coefficient required for zero nozzle thrust and values of nozzle thrust 

j required for various tail lift coefficients are presented. 

r In applying the data of the wind tunnel model of Reference 10, flap 
i 

deflection was decreased with increasing speed at a constant angle of attack of 

20 degrees up to a speed of 52 knots. At this speed the flap deflection was 

zero and the angle of attack vas then progressively reduced to zero at 110 knots 
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Con_tn. t tall lift coefficients an low as .10 require noxzle thnxat 

force« that are within the capability of the pitch nortle. As shown In 

Figure 3.101, the tail lift coefficient required Increases rapidly with 

decreasing speed below 20 knots due to saal! values of free stream dynamic 

pressure. At speed, above 20 knot, the lift coefficient required decreases 

vith Increasing speed. Also shown in Figure 3.101 is a curve of tail lift 

coefficient, calculated froo the flaps-up static stability analysis of the 

present report, which shows generally good agreement with the NACA method 

over the applicable speed range. 

4'5*5,2 ^tional Trim' in Loy.Speed Flight. Fig^ 8.102 shows the nozzle 

thrust required to trim the yawing moment due to differential propeller pitch 

vhile using full rudder control. Since the method used for calculating the 

yawing moments did not take into account the drag force of the flaps due to 

propeller thrust change, the dashed portion of the curve is faired through 

the value of nozzle thrust at zero airspeed which corresponds to the yawing 

moment determined by the method of Section 3.4.2.2 of this report. 

It is planned to phase out the differential pitch control in transition 

flight by a mechanical linkage operated by the flaps. The curve of Figure 3.102 

indicates that the differential pitch control should be phased out while the 

flaps are still at large deflections, corresponding to low speeds, in order to 

minimize the induced yawing moments. The optimum transition fron hovering roll 

control to normal flight roll control, however, will depend upon the aileron 

effectiveness at large flap deflections at low speeds.- 
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5.0 COMCLUSIQBS 

Tlic follovjn¿ o one lus ions ¿ire nuide bnsed on t.he d.e'tii Rnd oneJlysis in 

this report: 

1. The Model f'2 is limited to 105 knots, true airspeed, at 

se-1 level due to structural criteria. 

2. The Model 92 is cspahle oT lifting up to 29^0 pounds pyoss 

weight in a vertical t¿dce-off on an ICAO standard day. 

3- The basic airplane configuration is statically and dynam- 

1cully stable with controls fixed in conventional flight. 

lateral-directional short-period oscillation damping 

characteristics for normal flight can be improved, by adding 

end plates to the horizontal tail and reducing the dihedral 

efiect of the wing. Reducing the dihedral effect by two degrees 

requires that the added end plate area be equivalent to the 

existing vertical tail sre°. 

5- Flight tests of the airplane will .be required to determine 

the degree of modification to the airplane required to ob¬ 

tain satisfactory handling characteristics in conventional 

flight. 

6. The characteristic motions of the airplane in hovering flight 

are an unstable oscillation in the longitudinal mode and a di¬ 

vergence in the lateral-directional mode. 

7- Stabilization of the pitch oscillation by artificial means 

appears necessary in order for the pilot to control the air¬ 

plane in sustained hovering flight. 

8. The jet exhaust control system provides adequate control 

power for hovering flight and enables trimed conditions 

to be maintained in low-speed transition flight. 

V 
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7.0 ~TTT0 i MOMgnÇLATOgE AM) AXES SYSTBC 

AB Aspect rntio, ti 

BÏÏ? 

CD 

Ch 

CL 

^Lmax 

C¿ 

Cm 

C" m 

Cl/2 

D 

D 

E 

na 

nr 

Brake horsepower 

Drag coefficient, d/qS 
Hinge Mcment 

Control surface hinge moment coefficient, q ,,- 

Lift coefficient, l/<^ 

Maximum trimed lift casfficient 

Rolling moment coefficient, h/q Sb 

Pitching moment coefficient, n/q Sc 

Pitching mcment coefficient, ®c 

Yawing moment coefficient, H/qSh 

Propeller thrust coefficient, T/ipn D 

Humber of cycles to damp to half amplitude, 

2 

Drag, Ihs. 

Propeller diameter, ft. 

Flap chord/chord 

Set thrust, pounds 

Thrust available, lbs. 

Thrust required, Ihs. 

Control stick force, lbs. 

Control gearing ratio, &/£. &8» V*T ft' 

Moment or inertia about x axis, slug ~ fi* 
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ly Ncawnt of lr rtl« about ? aucl«, Slug - ft.2 

Iz Mcment of inertia nbout a axia. Slug - ft.2 

Ixz Product of inertia, Elvg . ft.2 

I* Lift, lbs. 
t 

L' Rolling noneut, ft.-Iba. 

KRT 

M 

®T 

I 

»0 

P 

Pf 

Q 

1 

Ret thruut available freo the propellera when the engine 

ia operated at a Military Rated Power Setting. 

Pitching aooent, ft.«lbs. 

Net thruat available freo the propellers when the engine 

is operated at Koraal Rated Power Setting. 

Yawing nonent, ft.-lbs. 

Static stick-free neutral point 

Period of oscillation, sec. 

Pedal force, lbs. 

Propeller abaft torque, ft.-lbs. 

Resultant wing - propeller force, Iba. 

^W-L), rolling friction, Ibe. 

Aerodynsalc surface area, sq. ft. 

Unear distance on ground, ft. 

Shaft haraepover 

Srm 

STOL 

T 

Tl/2 

V 

loriaontal distance gained, nautical nilee 

Short take-off and laraUng 

Thruat, lbs. 

Tine to damp to half anplitude, secs. 

True airspeed, f.P.s. 

Tk*e airspeed, knots 

Initial true airspeed, knots 

Mlnimun control true airspeed, knota 
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V 

VTÛL 

V3 

w 

w 
fa 

(Vf) 
1 

(Vf) 
1 2 

X 

ï 

Z 

a 

b 

c 

C.g. 

hl 

h2 

FEi OR? RO. 922C-2 

1.1 Elnlmim control true alrspeeíi, knots 

st Horizontal tail volume coefficient. — —— ■ ■ 
S c 

V 

Vertical take-off sod landing 

True airspeed at altitude h^, knots 

True airspeed at altitude hg, knots 

Gross weight, lbs. 

Fuel used, lbs. 

Fuel flow rate at altitude Ibs/nin. 

Fuel flow rate at altitude hg, Ibs/min. 

Weighting factor dependent upon the ratio of the rates of climb 

at altitude and hg (Section 8.0) 

Sideforee, lbs. 

Weighting factor dependent upon the ratio of the rates of climb 

at altitudes and hg (Section 8.0) 

P • — o g 
n a , airplane acceleration, ft/aec, 

tí/g 
Wing span, ft. 

Chord, ft. 

Mean aerodynamic chord, ft. 

Center of gravity 
P 

Gravitational constant, 52,19 ft/aec. 

Initial altitude, ft. 

Final altitude, ft. 
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i Tncidaocc angle, degs. 

ÍFn !Thruot axis ancle of Inclination, degs. 

Distance measured from airplane c.g., ft. 

<-a lencth of control stick, ft. 

m Mass of airplane, (v/g), slugs 

n Propeller rotational speed, rev/aec. 

n Airplane normal load factor 

P Rolling velocity about the x axis, rad/aec. 

q Pitching velocity about the y axis, rad/aec. 

q Free stream dynamic pressure, l/pjOV2, lbs/ft.2 

q” Propeller slipstream dynamic pressure, q + Î1/? D", lbs/ft.2 

r Yawing velocity about the z axis, rad/aec. 

rd Coefficient of rolling friction 

r/c Rate of climb, ft/min. 

t Time 

u Velocity component along x axis, ft/aec. 

v Sideslip velocity along y axis, ft/sec. 

w Velocity component along i axis, ft/sec. 

x Distance from wing leading edge measured parallel to thrust axis, ft. 

y Distance from, plane of sywoetry to propeller thruat axis, ft. 

z Vertical distance from center of pressure of vertical tail to x axis, ft. 

ot Angle of attack, degs. 

ß Angle of sideslip, d¿gs. 

dß Differential propeller blade pitch angle, per propeller, degs. 
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wing dihedral angle, dega. 

Climb angle, dega. 

Climb angle at altitude h^, dogs. 

Climb angle at altitude h2> legs. 

Control surface, no*«]e, or vina flap deflection, deg. (ahere ving 

flap deflectiona are given, the first niaiber refers to the forward flap). 

Dovnvaah angle, deg. 

Dynamic pressure efficiency at the tall 

Pitch angle, radians 

Mus den»ity of air, Ib^sec /ft r 

Control surface effectlYenee* parameter; do/d6 

Roll angle, radians 

Roll to aideslip parameter, ç/p x 

Yaw angle, radlana 

Frequency of oscillation, cycles per sec. 

Subscripts: 

Rigöht aileron 

Left Aileron 

aileron 

wing aerodynamic center 

center of gravity 

elevator 

flaps 

nozzle 

pitch nozzle 

rudder 

a control stick 

t horizontal tail 

V vertical tall 

V wing 

yn yaw nótale 

CONFIDENTIAL 



CIRFIIEITIAl 

REPORT NO. $220-2 

Figure 7.I 

STABILITY AXES SYSTEM 

DIWCIION C* AUOWÎ l NOKIA Its POSITIV! ífNSI 
Of FORCES, MOMfNlS AND OtftfCTlONS FOilllvC 
HING« MO MINIS TÏND TO MFUCT CONTIOC 
SURFACES IN fOSIIIVI DIRECTION. 

I 
1 
i 
I 

VIEW ALONG POSITIVE X AXIS 

NOTE; «FLECTIONS MEASURED NORMAL TO HINGE LINE. 
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Figure 8.3 

KYAI MODEL 92 

litt coDTicEnrr meus 
AflQLE OP ATTACK WITH AKD WITHOUT FLAP D0LICTIOIB 

POWin OFF 

ICAO STAIDAKD ATMÛSFBBRE 

(a) ABOLE 07 ATTACK 

il 
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Figure 8.10 

RYA* MODKL 92 

HOT DAÏ (103 °F) THRUST 

KHOXHB: mb rr-33-L-i 
ICAO STAKDAHD A2M08P1IKK 

STATIC OPERATIOl 

THRUST, lâÊ. 
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RTAV HODSL 92 
FUEL FLOW VERSUS AIR SPEED 

(lECLUDES 5 PACHT TOLERAICE) 

EROIXE: GA 1T-55-L-1 
MILITARY RATED TAUST 

ICAO 2TAHDARD ABiOéPHERI 

TRUE AIRSPEED, KXOTS 
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Figure 6.12 

RYAN MODEL 92 
FUEL FLOW VERSUS AIRSPEED 

( nCLUDKS 5 PERÇUT? TOLERAJICE) 

BWHI: OBE YT-53-L-1 
SORMAL RATED THRUST 

ICAO STAEDARD .vIMOSFHKRE 

TRUE AIRSPltE), 1OI0TS 
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FT AS MODEL <£ 

FUEL FLOW VERSUS AIRSPEED 
( INCLUDES 5 PERCnrr TOIÄAHCE) 

EE8IS1: OSE ÏT-55-L-1 
90 PACEHT ItCRMAL RATED TSRU3T 

ICAO STANDARD ATMOSPHERE 

t 

1RUE AIRSPEED, KROTS 
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RTAH MODEL 92 

FUEL FLOW VERSUS AIRSPEED 

(UfCLUDES 5 rSRCEHT TOLERARCS) 

ENGINE: ONE YT-53-L-1 

75 PERCENT NORMAL RATED THRUST 

ICAO STANDARD ATMOSPHERE 

TRUE AIRSPEED, KNOTS 
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RYAN MODEL 92 

FUEL FLOW VERSUS AIRSPEED 
(INCLUDES 5 PERCENT TOLERANCE) 

ENGINE: OME YT-55-L-1 
50 PERCENT NORMAL RATED THRUST 

ICAO STANDARD ATMOSPHERE 

6oo 

500 

LOO 

500 

200 

100 

40 

SEA LEVEL 

15,000 FEET 

¿5,000 nan* 

8o 120 160 200 

TRUE AIRSPEED, KNOTS 
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Figure 8.I6 

FIAR MODEL 92 

MAXIMUM SPEED AHD 
CLIMB SCHEDULES VERSUS TRUK AIRSPEED 

EMOIRE: OHE YT-53-L-1 
ICAO STANDARD ATMOSPHERE 

185 Knota Constant Calibrated Airspeed 

_LIMIT OF ERQUE DATA 

AIRPLANE LIMIT SPEED 

TRUE AIRSPEED, KNOTS 
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figure 8.17 

RYAI MDDKL 92 

limit spans AT 
TARIOUB FLAP DKFLÄCTI01S 

OOIlfE: Old TT-53-L-1 
ICAO STAHDARD AIMOSPIIRE 

SKA LKVKL 

l 
l 

I 
I 

•N 

5 

TRUE AIRSPEED, OÍOTS 
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RYAH MODEL 98 

POWER-01 STALL SPEEDS 
10 FLAP DEFLECTK» 

XSOUTE: OME rT-53-L-l 
MUITART RATED THRUST 

ICAO 3TAKDARD A3M0SPHERE 

TRUE AIRSPEED, SWOTS 
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R Y Al' VÏ3DEL ?¿ 
POWER-OI STALL SPEEDS 

HO FLAP DSFiaCTIOK 

EKHE: OH rr-?5-L-l 
HOntAL RA2TO TBRUBT 

ICAO STAHDAHD AHlOßPHBRE 

mux AIRSPBD, DOTS 
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RYAN MODEL 92 

PO'ÆR-OH STALL SiTaSDC 
NO FLAT DEFLECTION 

ENGINE: ONE YT-53-L-1 
90 PHRCIRT NORMAL HATED THRUST 

ICAO STANDARD AWDGPHKFE 

TRUE AIRSPEED, KNOTS 
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ttgure 8.21 

FYAK MODEL 92 

POWER-01 STALL SPEED 
J(0 TiiAT DETLECTIOM 

ENG INI i 0« YT-^-L-1 
75 pmcaarr normal rated thrust 
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