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ABSTRACT

Maximum blade loading capability of a coaxial, lift-offgetor is investigated using a rotorcraft configuration desd

in the context of short-haul, medium-size civil and militanissions. The aircraft was sized for a 6600-Ib payload and
a range of 300 nm. The rotor planform and twist were optimiftechover and cruise performance. For the present
rotor performance calculations, the collective pitch aniglprogressively increased up to and through stall with the
shaft angle set to zero. The effects of lift offset on rotéir fjower, controls, and blade airloads and structural $oad
are examined. The maximum lift capability of the coaxialroincreases as lift offset increases and extends well
beyond the McHugh lift boundary as the lift potential of tllvancing blades are fully realized. A parametric study is
conducted to examine the differences between the presariat@otor and the McHugh rotor in terms of maximum
lift capabilities and to identify important design paraerstthat define the maximum lift capability of the rotor. The
effects of lift offset on rotor blade airloads and structloads are also investigated. Flap bending moment incsease
substantially as lift offset increases to carry the hubmudiment even at low collective values. The magnitude of flap
bending moment is dictated by the lift-offset value (hulb nebment) but is less sensitive to collective and speed.
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vancing blades and stall on the retreating blades of the.rotaural loads are also investigated.

Lift capability of the retreating blades decreases withwand

speed due to low dynamic pressure, reverse flow, and stal. COAXIAL, LIFT-OFFSET ROTORCRAFT

As a result, the advancing blades are not allowed to generate ) ) o

much lift if roll moment trim is to be maintained. Thus, the The configuration of the coaxial, lift-offset rotorcraftrfthe
advancing blades operate at non-optimum angles of attadk€Sent study is shown in Fig. The present coaxial rotor-
resulting in poor rotor performance. By operating a rotor irf"aft is one of the four configurations that were designed in
edgewise flight with lift offset- more lift on the advancing the contextof short-haul, medium-size civil and militarjsm
side than on the retreating side of the rotor diskattaining  Sions (Ref. 9). The aircraft was sized for a 6600-Ib payload
good performance at high forward speeds is possible. The I#1d & range of 300 nm. The basic characteristics of the air-
potential of the advancing blades can be fully realized @nd rCraft are shown in Tablé. The aircraft has two main rotorsin
treating blade stall can be avoided or minimized. The rotdt coaxial configuration, a pusher propeller for cruise propu
rotation speed must be slowed as the flight speed increasesSion: and horizontal and vertical tails for cruise trim. Tdie

part to minimize the compressible drag rise on the advancirfgaft uses stiff coaxial main rotors capable of carryingidig
blades. cant roll moment, hence generating lift on the rotor advagci

side in forward flight. The aircraft requires auxiliary prdp
The lift-offset concept was demonstrated by the XH-59Asjon at high speeds, but has no wing. The upper rotor rotates
Advancing Blade Concept (ABC) demonstrator aircraft durcounter-clockwise, whereas the lower rotor rotates cldskw
ing the 1970s (Ref. 1). The XH-59A's ABC system con-hen viewed from the top. The vertical separation distance
sisted of two three-bladed, coaxial, counter-rotatingdri®-  petween the two rotors is 7% rotor diameter,

Eq);iimvlmhIg\]/i\liupxe”é?jryo;uzrggj?sét?ztxg%-g (??t Zﬁ::hec;/eeir? The hingeless blade inertial and structural propertieewer
a maximum speed of 263 knots in a 7-deg dive at 13000_%caled from the compound helicopter blade design of Ref. 10.

. . . . tate-of-the-art rotor airfoils were used for the main roto
altitude (Ref. 2). The high lift capability of the ABC rotor blades. The rotor planform and twist were optimized for hove

system was a_lso shown in _the XH-59A ﬂ'gh.t tests for_ bOﬂ%md cruise performance. A two-parameter twist distributio
steady level flight and transient maneuvers, including irond

onal blade loadi - 028 . “was considered: linear twist inboard and outboard of 0.5R. A
mensional blade loacing up f.br/a = ©.c0 [N maneuvernng three-parameter taper distribution was considered: titea
flight (Ref. 3). Despite the high-speed, high-lift capals . ¢ 0 16 0.35R, from 0.35R to 0.75R, and from 0.75R to
of the XH-59A, the flight test revealed technical challenge : ' ' : ' :

such as poor aerodynamic performance, high rotor Weigi“l e tip. Here taper ratio is defined as the ratio of tip chord to
hub drag, vibration, etc. With recent interest in high-sbeee oot chord. The inboard taper ratio was fixed at 1.66, based on

: i . I structural considerations. The optimum rotor geometrgdet
torcra_ft, Slkprsky Aircraft has _|ncc_)r|_oorated several nestt- mined from a trade between hover and cruise efficiency is: lin
nologies (high lift-to-drag ratio rigid blades, low draghbhu

. - L ) .~ ear twist rate =6° inboard and-12° outboard; linear taper
falrlngs, Alct.lve Vlbtra'uon Cé)?ltrotl) (A\(C),ﬂ.lntt]?grat(:'d lalb.('t ratio = 1.66 inboard, 1.3 midspan, and 0.1 outboard. The op-
'ary propulsion S)erNtIEm, and fly- y—mre ight controls)an timum rotor geometry from a trade between hover and cruise
the X2 Technology™' Demonstrator aircraft and has success

. . ) efficiency is shown in Fig2.
fully demonstrated them in a flight environment (Refs. 4-7).
Recently NASA and the U.S. Army at Ames Research MODELING AND ANALYSIS

Center conducted research on lift-offset rotorcraft tol . . .
PP The rotor performance calculations were carried out using

Egrespae;?;r:zg‘t:tifafdn;asltg;??ﬁ:rinm-tztﬁno(;ligy I;ft;[-c%frf\fl-o ithe comprehensive rotorcraft analysis CAMRAD Il (Ref. 11).
P y 9TAMRAD Il is an aeromechanics analysis of rotorcraft that

on rotor performance, weight, and airframe aerodynamics ?ncor orates a combination of advanced technologiesdaclu
rotorcraft with lift-offset rotors (Refs. 8,9). These siesl P 9

. . : . ing multibody dynamics, nonlinear finite elements, and ro-
also established aerodynamic modeling requirements fer p .
. ) . orcraft aerodynamics. CAMRAD Il has been used exten-
formance calculations and designed lift-offset rotorcfaf

. . - - o sively for correlation of performance and loads measure-
short-haul, medium-size civil and military missions. S ! . )
ments of several rotors operating in various flight condi-
The present study explores the high blade loading capabilens (Refs. 12—14). The coaxial, lift-offset rotor was retatl
ities demonstrated by the XH-59A flight test using a modernn CAMRAD I, but not the airframe or propeller. The CAM-
technology lift-offset rotor. The objective of this paperto RAD Il aerodynamic model for the rotor blade is based on
better understand and quantify high blade load®g/(0) ca- lifting line theory, using steady two-dimensional airfolar-
pability of a coaxial, lift-offset rotor and ultimately edilish  acteristics and a vortex wake model. Rotor performance was
blade loading design guidance for maneuver capability. Aalculated using nonuniform inflow with rigid wake geom-
parametric study is conducted to examine the differences betry and unsteady aerodynamics, but a dynamic stall model
tween the present coaxial rotor and the McHugh rotor in termsas not used. Six beam elements were used in modeling a
of maximum lift capabilities and to identify important dgsi main rotor blade and 18 aerodynamic segments were used for
parameters that define the maximum lift capability of the roaerodynamic calculation, with a root cutout of 0.12R. Aiirfo
tor. The effects of lift offset on rotor blade airloads andist  characteristics were obtained from C81 tables.



For this calculation, the collective pitch angle was pregre rotor test data will be made later in this section. The bene-
sively increased up to and through stall with the shaft asgte fit of larger lift offset occurs at higher thrust and power. In
to zero. The trim solution specifies zero hub pitching momergractice, larger lift offset (larger hub roll moment) migie
for each rotor and equal but opposite values for hub rollingrohibited by structural weight (blades, hub, shaft, edcag,
moment for each rotor. The trim variables are longitudinadnd the blade tip clearance between the two rotors.

and lateral cyclics of both rotors. In this calculation, tboo- Figure 4 shows the upper and lower rotor induced power

tors operate at the same collective. However, torque balang,s profile power versus rotor lift at 120 knots. The anaysi

was not required. This approach is an approximate way 9fgits are the same as those in Bif), except that the indi-

looking at maneuver capability. vidual rotor performance is plotted. In general, the twarst
The present analysis approach was used to predict the aeeshibit very similar trends. Both upper and lower rotorswho

dynamic rotor lift boundary obtained in a wind tunnel test ofalmost identical rotor performance without lift offset. Wo

a model rotor (Ref. 15). The correlation results will be preever, the lower rotor shows slightly higher maximum lift eap

sented in the following section. bility than the upper rotor as the lift offset increases.haligh
not shown here, the same trend was observed for 80 and 160
RESULTS AND DISCUSSION knots. The higher maximum lift capability of the lower rotor

is caused by the interference between the two rotors, asrshow
In this section, the performance and loads of coaxial, liftby detailed airloads results presented in the next section.
offset rotors are presented to better understand and dyanti
the high blade-loading capability of this configuration. €Th
effects of lift-offset on rotor blade airloads and strueiioads
are also shown.

Figure5 shows the upper and lower rotor lift and torque
as a function of collective at 120 knots with various liffs#t
values. As Fig5(a) shows, the two rotors generate almost
identical lift for a given collective without lift offset. A lift
offset increases, the lower rotor generates more lift tinen t
Performance upper rotor for the same collective, due to interferenceaff

) o Without interference, each rotor generates an identicalarh
Figure3 shows the performance of coaxial, lift-offset rotors. ¢ it regardless of lift offset. Interference decreasésaro-
The total rotor Iift is plotted as a function of the sum of in-4,ced by both rotors, but the reduction is slightly highar fo
duced and profile power of both rotors (for a coaxial congne ypper rotor. The maximum lift of the lower rotor is about
figuration the induced power includes mutual interference) o, and 6.0% higher than that of the upper rotor for the lift-
for various lift-offset values at 80, 120, and 160 knots. FOfsat values of 0.2 and 0.4, respectively. Fighite) shows
this calculation, the pilot collective (equal upper and W o nher and lower rotor torque with lift-offset values ob 0
rotor collective pitch) was progressively increased uprid @ 4,4 0 4. The results with the lift-offset value of 0.2 is not i
through stall for a zero shaft angle. Operating condition ig),qed for clarity. Although torque balance was not attezdpt
6000 ft/9SF and rotor blade tip speed is 650 ft/s. The trim, {hese calculations, the required torque between theruppe
solution solves for the rotor cyclic pitch to achieve theg&tr 54 1ower rotor is very close without lift offset. As lift afét

hub roll moment (lift offset) and zero hub pitch moment foriy e ases, the lower rotor required slightly more torqued(a
each rotor. Lift offset is the effective lateral displacethef 4 o power).

the lift vector for each of the rotors from the hub center. The

lift offset is defined as\My /LR, whereAMy is the differen- Figure6 shows_ the rotor lift z?\nd induced powerplu; profile
tial rotor roll momentL is the sum of the lift of both rotors. POWer as a function of collective at 120 knots. As lift offset

The net hub roll moment s zero. The lift-offset values afe re Increases, the rotor lift increases almost linearly forshme

erenced to 1-g flight and hub moment values are maintain&8!1€ctive and the maximum lift generated by the rotor also
constant as collective increases. increases. The trend for the rotor induced power plus profile

_power is different than that of the rotor lift. The power giew

The analysis shows a moderate increase in the rotor iy, aqratically as a function of lift offset. For small liftfeet
duced plus profile power without stall. As stall becomes img5,es (e.g. 0.1 and 0.2), there is a small increase in tiog rot

portant, the slope of the power curve quickly flattens. TNh,q,ced power plus profile power. Thus, the rotor generates
maximum lift capability of the rotor significantly increasas significantly more lift for a small power penalty.
the lift offset increases. At 80 knots (Fig(a)), the maximum

C_ /o is around 0.16 with zero lift offset and reaches the max- Figure7 shows the effects of shaft angle on rotor perfor-
imum value of 0.25 with the lift offset of 0.5. Furtherinceea Mmance for the lift-offset value of 0.2. The shaft angle was
of the lift offset to 0.6 decreases the maximum lift capabilY2ri€d= 4°. The shaft angle variation has a negligible influ-
ity (Fig. 3(b)). At a higher speed of 120 knots, the maximunf"ce at 80 knqts, but its effect is larger at higher speede. Th
C_/o keeps increasing up to the lift offset of 0.6 and reachefé’r‘iva,rd shaft tilt @s = —4°) reduces and aft shatft tilog =

the maximum value of 0.27 (Fig(c)). At 160 knots, the max- +4°) increases the maximum lift capability at 120 and 160
imum C_ /o of 0.30 was obtained with the lift offset of 0.8 knots. The increase in rotor lift with a positive shaft angle
(Fig. 3(f)). The maximum lift capability of the lift-offset rotor 1S Produced at the cost of an increase in drag, which must be
extends well beyond the McHugh lift boundary (Refs. 16-18fvercome by the propeller in the current configuration.
Comparison between the present rotor results and McHugh's The rotor performance for the coaxial rotor (lift offset =
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0.0) is calculated and compared with that of the McHugh roef the analysis tool used for the present study. The final modi
tor, as shown in Fig3. The McHugh rotor test was performedfied case (4-bladed single rotor with model-scale V23010 air
with a 1/10-scale CH-47B/C type 4-bladed articulated rotdfoil, no taper,—7 deg linear twist) au = 0.31 shows simi-
which has a V23010-1.58 airfoil section and a linear twist ofar results to the McHugh rotor test data and analysis. There
—7 degrees (Refs. 16—18). The rotor was designed with suffire still remaining differences between the two cases as hub
cient structural strength that the true aerodynamic limigse type (articulated vs. hingeless), blade dynamics (nafoeal
obtained. A parametric study was conducted to examine amgiencies), tip speed (620 ft/s vs. 650 ft/s), propulsiven tri
understand the differences between the present coaxal rotX /qd?c = 0.05 vs.X /qd?c = 0.0), etc. However, the com-
and the McHugh rotor in terms of maximum lift capabilities.bined effects of these remaining differences appear to ladl sm
The parameters investigated in this study are airfoilseitap for the performance calculations.

and twist. The effects of those parameters on the prediofion
rotor lift were examined by replacing the coaxial rotor quan
tities with the McHugh rotor quantities.

Figure9 shows the maximum lift capability of coaxial, lift-
offset rotors as a function of advance ratio. The McHugffi's i
boundary was also plotted to compare with the conventional

Figure8(a) shows the parametric study results for airfoil,rotor lift limit. The present coaxial rotor shows substaititi
taper, and twist variations at 120 knots. First, the coawiiir  higher maximum lift even without lift offset; about 16% and
was modified to a 8-bladed single main rotor with the same s@8% higher atu = 0.21 and 0.42, respectively. The maxi-
lidity. The lift generated by the single rotor is almostitieal ~mum lift capability of the coaxial rotor decreases with sphee
to that by the coaxial rotor. Next, the present state-ofetie but much less than that of the conventional rotor. As lift off
airfoils were replaced by the full-scale V23010 airfoil atp set increases, the maximum lift capability of the rotor gign
the entire blade span for the single rotor. This airfoil ap@an icantly increases. The maximu@ /o is 0.25 at 80 knotsi(
substantially reduced rotor lift, especially at high cotiee = 0.21), 0.27 at 120 knotsu(= 0.31), and 0.30 at 160 knots
angles. This result shows that the present airfoils have s(u = 0.41), with the lift-offset values of 0.5, 0.6, and 0.8, re-
perior stall characteristics than the V23010 airfoil. Font  spectively. As mentioned in the introduction, the ABC rotor
parison with model-scale test data, correcting the fudllsc system in the XH-59A flight tests demonstrated ugtg o =
airfoil test data for Reynolds number effects is necessemg.  0.28 in maneuvering flight (Ref. 3). The lift-offset valueeds
Reynolds number correction, as Reynolds number is reducést that maneuvering flight is not documented. Althoughéher
for the model-scale rotor, increased drag at all anglestatlt are many differences between the present rotor and the ABC
and Mach numbers. The Reynolds number correction for lifotor such as number of blades, airfoils, planform, etce, th
and moment was made by reducing static stall angles of giresent analysis shows a similar high-lift capability obxe
tack. Detailed Reynolds number correction procedure aed thal, lift-offset rotor.
lift, drag, and moment coefficients of the full-scale and led
scale V23010 airfoils are available in Reference 15. Thg i control
model-scale V23010 airfoil with Reynolds number correatio
further reduced rotor lift at aII_coIIectl\_/e angles. Subsently, Figure10shows the cyclic angles of the upper rotor as a func-
taper was removed and nonlinear twist was changedtdeg  tjon of collective for various lift-offset values at 120 kiso
linear twist to match with the McHugh rqtor blade in add't'O”AIthough not shown here, the lower rotor operated almost at
to the model-s.cale V23010 airfoil. Again, these changes dgse same cyclic angles as the upper rotor. At forward flight,
creased rotor lift. the relative wind speed encountered by the advancing blade

One last modification was to reduce the number of blades larger than the relative wind speed acting on the retngati
to four and the results were directly compared with thdlade. As a result of the relative wind speed, the advancing
McHugh rotor data and analysis in Fig(b). The change in side produces more lift than the retreating side. In order to
number of blades slightly increased rotor lift comparedi® t maintain roll moment trim, longitudinal cyclic is requir¢d
8-bladed rotor results shown in Fig(a) The McHugh rotor decrease pitch of the advancing blade and increase pitch of
test data shown in the figure were obtained at advance ratithee retreating blade. As collective increases, this lifbah
of 0.2 and 0.3. In the wind tunnel test, a sweep in rotor lifance increases and thus more longitudinal cyclic (negatve
coefficient was made at a fixed rotor propulsive force coeffirequired. FigurelO(a)shows progressively higher longitudi-
cient (X/qd?c = 0.05) by increasing shaft angle and collec-nal cyclic requirement for trim as collective increases dtir
tive at the required advance ratio and tip Mach numbegre the lift-offset values used. By operating a rotor with liff-o
= 620 ft/s). The analysis was conducted with CAMRAD llIset, the advancing side can carry more lift than the remgati
and the results were compared with the test data. For the arside of the rotor disk. And the required longitudinal cyclic
lytical calculations, full-scale CH-47B blade propertigsre angle for trim decreases (less negative) as the lift-offakte
obtained from the Boeing Company and were scaled to thecreases. Figuré0(b)shows that the lateral cyclic control
model configuration. The Reynolds number-corrected airforequired to trim hub pitching moment to zero increases with
decks were used for the performance analysis. A free wakmllective, as expected. The lift offset also increasesréhe
and unsteady aerodynamics were used, but a dynamic stallired lateral cyclic angle. Figur(c)shows the swashplate
model was not incorporated. There is good agreement bt angle, which is a combination of the longitudinal antt la
tween the analysis and measurement, which shows the yalidéral cyclic angles. The swashplate tilt angle increasesstim
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linearly for zero lift offset as collective increases. Af 6ff- Figures14, 15, and16 show the half peak-to-peak blade
set increases, the swashplate tilt angle varies quadigtiéa  structural loads at 10% radius for the upper rotor as a foncti
low collective angles, the swashplate tilt angle decreases of collective at 80, 120, and 160 knots, respectively. Fer th
tially and then increases as lift offset increases due teihe  hingeless rotor blade, maximum blade loading occurs near th
change of longitudinal cyclic. At high collective angleBet root and decreases along the blade toward the tip. The blade
swashplate tilt angle decreases as lift offset increasedalu structural loads are shown in the nondimensional form and
the reduced longitudinal cyclic angle requirementto trim.  nondimensional flap bending moment is defined as:

Mg
Blade airloads and structural loads Cram/0 = PNpcQ2RA

Lift offset has a significant influence on rotor blade loads awhereMg is the flap bending momenhy, is the number of
well as performance. This section examines the effectdtof liblades, and is the nominal blade chor@ is the rotor speed,
offset on rotor blade airloads and structural loads for iyost andR is the radius. As mentioned before, the blade inertial
high-collective (thus high lift) cases. and structural properties were scaled from the compound he-

Figuresll, 12, and13 show nondimensional blade sectiongg?l%tel:rzlt?gf d_l?riﬁn ;)lisRoell:.ticl)(')ggst ?/zlsljgr;ezgr;or:;?;ggr:ienn i
lift at 90-deg and 270-deg azimuth for both upper and lowe 9 : ' 9

5o 15-te colctue a 80, 120 and 160 ko respel O P2HSUCT S0 ST, o e o6
tively. Airloads results with three different lift-offsetalues P

(0.0, 0.2, and 0.4) are plotted with and without interfeenceXpeCted' With lift offset, flap bending momentincreases su

effects between the two rotors. CAMRAD Il has an Optionstantlally to carry t_he hub roll momgnt even at Io_w c_oIIeet|v
values. The magnitude of flap bending moment is dictated by

;Oeiléﬁaptr(aessb;hti;nruc:t% arllsl'nterference effects between theg’valfift-(.)ffset value (hub roIIlmoment) but, is Igss sensitioa:pl-
lective. Thus, the magnitude of flap bending moment with 0.2

Figure11shows blade section lift at 80 knots. The retreatiift offset is lower than that with zero lift offset at high ko

ing side of each rotor does not generate any lift inboard due fective values. The magnitude of flap bending moment is not

reverse flow, but generates positive lift from the mid to tfp omuch affected by speed. Chord bending moment increases

each blade. The section lift on the retreating side is inteas with collective regardless of lift-offset, but is not afted

to the lift offset. On the advancing side, both upper and lowanuch by speed. However, their magnitudes decrease with lift

rotor blades generate positive lift. With lift offset (cpimg  offset, especially at high collectives. The reason for #ic-

more roll moment), the advancing side of each rotor genetion appears to be reduced stall as lift offset increasesidio

ates significantly more lift, exploring the lift potential he moments also increase with collective regardless of et

advancing blades. The interference between the two ro&s's hand increase with speed as well. However, their magnitudes

a small influence on the retreating side regardless of fified  slightly decrease with lift offset.

value. Without interference, both upper and lower rotors ex

hibit similar lift distributions as both rotors need to aehe

the same trim targets for the same collective. Inclusioref t

Figuresl7(a)and17(b)show the flap bending moment at
10% radius for the upper rotor blade at 120 knots for collec-

) S tive of 8 deg and 15 deg, respectively. The vertical axes have
interference effects decreases section lift of the upptrro the same range in order to compare the magnitudes between

bladet on t?gtgd\/tant(;:n%S|de foran _?_?]t'r? :)Iafde Spanr’]Wh'Chtﬁe two cases. There is a substantial increase in magnitude a
counterintuitive to tn€ novercase. 1he INTErerence NAEMog ) 0 ive increases for the zero lift-offset case. As diff-

influence on th_e lft _d|str|but|o_n of the lower rotor, esmﬂy et increases, there is a strong amplitude change on both ad-
on the advancing side. The interference reduces sectibn Iﬁ‘

the mid Ut i ton lift the blad i ancing and retreating sides in order to generate the huib rol
:)hne Ioflvrgrl rostr())?n' utincreases section fitt nearthe blad®tip yoment. The peak-to-peak magnitude does not change with

collective for non-zero lift-offset cases.

At higher speeds, as shown in Fig&and13, zero section
lift on the retreating side of each rotor blade expands to mid CONCLUSIONS
span as the reverse flow region increases. On the advancing
side, the section lift is positive inboard and negative oatd  Maximum blade loading capability of coaxial, lift-offset-r
for the zero lift-offset case in order to maintain roll monhentors was investigated using a rotorcraft configurationgiess
trim, which is a typical aerodynamic behavior at high speeih the context of short-haul, medium-size civil and miltar
flight. Again, with lift offset, the advancing side of each ro missions. The pilot collective (equal upper and lower ro-
tor generates significantly more lift, and the lift potehttd  tor collective pitch) was progressively increased up to and
the advancing blades is utilized. Although not shown here, tarough stall with the shaft angle setto zero. The trim sofut
lift offset of 0.6 further increased section lift on the adeang  solves for the rotor cyclic pitch to achieve the target hulb ro
side at these speeds and collective. Inclusion of the grterf moment (lift offset) and zero hub pitch moment for each rotor
ence effects decreases section lift of the upper rotor on tfge effects of lift offset on rotor lift and power, controbsnd
advancing side, and increases section lift of the lowenrato blade airloads and structural loads are examined. From this
the retreating side. study the following conclusions are obtained:
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Table 1. Characteristics of the coaxial, lift-offset aircr aft

design gross weight, Ib 42491

weight empty, Ib 29343

design disk loading W/A, Ib/& 16

designCy /o 0.08

rotor radius, ft 29.07

number blades X 4

solidity o (thrust-weighted) 2x< 0.0991

chord (thrust-weighted), ft 2.26

rotational direction upper rotor CCW, lower rotor CW
tip speed, ft/s 725(hover)/650(cruise)
propeller radius, ft 6.95

propeller solidityc 0.1736

tip speed, ft/s 900




- ~s 2166.92

12.42

36.18
109.69

219.59

Fig. 1. Three-view drawing of the aircraft with coaxial, lift-offset rotors.
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