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1. SULLARY

The preliminary ostimated performaence dota characteristics are presanted for
a rotorcraft of advanced design thet fulrills or exceeds the specified require-
ments for an assault helicopter. Tiis helicopter, desirnated the !fodel 78, is
propelled by a rotor for take-off, hoverin;, and slow translaticnal [light, aend
by propellers for cruise and lLi-h-speed flirht. For rotor-propelled rli:ht, a
pressurse-jet rotor svste: and conventiunel nelicopter controls are utilized. Tor

high-speed flight, the major portion of the aircreft weisht is su orted Ly a

small fixed-win; surface with the lightly loaded rotor i1 low- itci wu.tarotation.
Two gas turbine-driven propellers and conventionul airjplune controls pruvide pro-
pulsion and control.

The vertical and hich-speed flight characteristics and high payload of
Model 78 are readily adarted to an assault mission. At the maximum levsl flizsht
speed of 240 knots and an 8135-pound po-load (36 troops,, thirty-three troops per
hour per aircreft cen be transported to an airh:ed, as compared to ti.e 9.7 troops
per hour per aircraft just meetin: the assault specilications. Therefore, on the
first wave, the Model 78 is capable of performin~ tho werk of 1.8 aircraft which
Just meet the assault speciiication, or on a shuttle busis, is the equivelent of
8+4 such airoraft.

All performence estimates are bused upon proven mecthods of analvsis developed
by the NACA, or upon wind tunnel model test duta obtained in a tweut -month re-
search program under contraot.to the 20fice .f Heval Research. Much of trese test
data have shown substantial apreement with data from previous t.st programs of

the NACA and with .cDonnell tiisoretical analyses.,
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utilization of tip speeds and a‘ivence retios vaerr mach in excess of tuese used
in ti.e normal o, sration oi' ‘odel 77,

Tne preliminary performence estinutes for tie . odel 78 are based upon wird
tunnel model test data, obtained ir a resesrch pro rom s,onsored bv the Office of
tavel Tesazrel, and in the cunventional helico:tur or rotor ropulsion advuice

ratio ran-e, uwor  rovan methods of e2nsiisis.

CONFIDENTIAL




PRPRISEE

MAC 331C (REV. 6-68-49)

paTE_2Y Degemver 1300 M(,:DONNE[ ‘L / : Qﬁm PAGE 7

REVISED REPORT. 1804

ST. LOUIS 3, MISSOURI

REVISED - CONFIDENTIAL MODEL__E__._.

O’o v adl %o 80a° R SHEF v ..C.’. S A "l

3¢l Summamry Fertforoanc: "abls und Fi oures

Teke-of{ wei 't . « o « ¢« « « « o « « o 30,00 pournds
Fuel « ¢« v« . v v v v v e s e e e e 8T50 Lounds
Pavioad . « . . . . . . o ¢ . . . . . . #1355 pounds
Engine pewer (mormmal roiin ;% . . . . . 3870/1400C Fisrym
Cise Josding () 4 e v v e v e v 0 e Lol los. 5ot
TOWer Lol o v o 0 o v e o e 0 o .0 7475 1z
Jaxiawn speed - uon levcl oo o 0 . 0 o 240 kmots
Rate of clinh - 5o 1ol
rotor propulsicn o . . . . o T WlZU fuL i
Praopeller propulsicn « ¢« o« o « o o o lB0U [+, ir,
Ti.c to 000 &
L0tur LTOPUIGLION o ¢ e o e s e e e e deTU nln
FPropeller propulsi. 5 o o o0o0o0o0o0 &
Tire to 10,000 feet
Zotor propulsion . . . .o . . o . o o 401 mir.
Propellor propulsic.. « . + < + « « o« 6ol ain.

Jerticul rute of clivl = sen level o o0 3U4C fL./rir,

At'solute phoverir ¢ Ll.a:

Soe e e e e e e 10,000 feet
. (stall lindit:vion)

Combat radius,/ . v.raze volocity « o o o 106 n.r./220 lhots
vaximum endurance/Averuce v-olocity . . 1.28 hir:. /200 iaiots

Ferry ran-e (1830 2l fuel) . o . . . 776 nauticul miles

s Power available, considering losses
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Level Flight Performance
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Do TABR LA DALA
2.1 lotaticn g Simools -
o3 = Lirt curve 5] ope
R = vipect ratio
£ = Arca, sjuare feet
[ ‘umber of blades
i = Jpart, Ceet
"¢ = Ztan chord, feet
Cop = rotor turust coeft'icient i
] v T LR AT
—— pwLe(N )2
O‘ér S Avrodyngmig vlode loadiug
P—‘.
Ciu T fotor lift co:fficient LR
' e 75 MRV 2
Ol = Sixed wirc i+ cont'ficiant Ly
P/; WVV'
Cqy T bor lorque coeriicie 1t Q2
oML T
PR %
n, ¥ Tmaivalent dre-alipe ratio
. 4
£ ®  rarasite drag arva, square fect
£ = Prassuro-jet threst, joun-g
v = fetic £XCoSs jower _
iffoctiva vertic.l ¢cli-p Lover
L = Totel 1ift fop
LP ]

ce, pounds

roter lift force, ,.ounis
Ly = Fixaed wing 1lirt Loree, ; ounds
L/ *  Liftedra; rutio
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Q = iLotor torque, foot-pounds

q - rnuemic pressurc, pounds/é;uare foot
! ’ =2 totor railus, feet

Wy = Usxitun rete of climb, feet/minute

T = wotor Lhrust, pounds

T/8 = “everin: merit fecter

vy * fotor induced v. locily, feet,/sacond

Vv = Pli:nt pwth volocily, teet/second

Vy = Vertiezl rate o clish, feet/second

/J = Adv uee ratio, V

o

n = _~tcr un-ular velocity, radians/second

e = pir domsity, slucs/cubic feet

a =  Rotor solidityv, brC

Subscrigzs

9

= rotor blade angle, de;recs

Cﬁﬂﬁp)(27o) = Letrcating blade <ip m-le of attack, de rces

- Induced

= Tip jot

=  Profile

=  Parasite
=  FRotor

=  Pixed-wing
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6.2 Dimensional Data -

5.2.1 Fixed ..ing
Span, inches +« « ¢ ¢ ¢ ¢ ¢ o ¢« o o o
Chord, inches: root . . . . . . .
Tip .+ ¢« ¢ o e e o .
MAC & 6 o 0 o v e .

Projected arca, sq.ft.

Airfoil section - root . . . .
tip .« . . .

Incidence, degrees . .

Effective aspect ratio . . . .

Aileron area, sq.ft. .

Split-flap uren, sq.fte « ¢« ¢ « o o &
5.2.2 Rotors

Number of rotors « . ¢ . . . ¢ . o .

Yumber of blades per rotor . . .

Notor disc aren, sgeTte o ¢ o .« . .
Disc loading,, lbs./i‘t.2 © o0 000 O
Rotor solidity « ¢« &« ¢« &« ¢ ¢ o o .
3lude chord, inches . « + o« ¢« « o . .
Blade twist, desrees . « . « o .
Llade airfoil seotion . . . . . ..
Lotor tip spoed, ft./sec. -

EOVOring o« o « o o o ¢ o o o o o

Helicopter forward flisht . . .
Propeller forward flirht « . . .

Rotor diameter, feet . . . . . ¢ .+ o . .

540
97.75
57

90
552

23018
23012

6.1
21.50

18.00

[¢2]

€5

3320

P04

.09

37

0

JACA 23015
7350

750, 700
700, §°0, 420
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Do ed  mupurmiace (Tecvue)
gAY

Ailricil section = root o o0 . L L 0 0 0 0 . TACA LQlL
A ACA OLLY

Tfivcetive nouect roatio oL

© 0 0o 0 o 6 Q {485
Nleedinl, e rees o o o o o 0 o o 0 s s o 45
PR AR S G (SRS (2 AT E R G G G O
cast aerodumuedis chord, inches o v 0 0 e s 12l 25
ke " L'-'J(-, i a"to v e e v e+ e e o ¢« s e e 14&0\)

certrel guriae s oama, so.'t. 5 o o o 0 o0 O 44,0

aver ol jropellers oL . a o . 2
wrter o Uleces per propeller o000 . 3

CaulnChlArOT o 6 6 e v e e e e e e e e e e e aero rroducts

Todel desi LilLU e e e w0 e e e e e e A 6HTF

Iropelier liweber, tect . .

b 6 0 000 0 C 10
ACtivity fueiucr o o o o 0 e h o e e e . e o0

Trojellear ear ravio « o . .

fropellor soved, £ e - 0 0 e 0 e e e e e 1750

BB od el oross owed bty ponnds .
Lel ot oenpty oo e e .
LS T U s 1« 1lo,940

Punlote w0 0 0 0 . 1,135
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Oeie2 laximum Te. welsht, pounds .. L 0 . . . . 30,000
Ter it ermpuy ..

geful load . .

5 0o oo 6 00 © © 0 0 0o o a 15,048
Fovlood o e 0 e e e e e e e e e s 0 o 14,135
ved  uower rlq23~£§§3 *
Seel Tnrine Tntr
Turmber of erINes L 0 0 0 v e e e e e e e e 2
dnuflectirer o v v h v e e e e e e

5 0 o 0 o Lllisou vivisiol,
lenersl .otors
odel desination .+ + « + v &+ &« & & « « « « Alliso: ‘odel 501
power section
L.olve rotiugs -
3pecivication normal rating

o e e e e e . 2835/24000
Derfornance noraal ratiny #x

e e e e« . . 13535/14000

5.1.2 Effkffffff “ata
SAIUTACEUTET 4 v v 4 e e e e e e e e e e e e wohischonse
idodel desi nation . . . . . .. . o o0 .. 19X3

5

o34 Pressurg:get Datg

Janufrcturer o . .

* o o « o - o

5 0o o c Yeocinell Alreruft
Cor,oroiicn

* For more complete Power rlant data, sc2 refeiv.ce 5. .

#* ncludes losses for inlets, Jucts, ete., see roference §,0,
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ence 9.5,

€. ARRODYLANIC DATA

6.1 Puarusitc dru; estimate - For estimating paresite dray powoer losscs, a

formance ostiratn.

breakdown of tue component paresite dra- areas is made. The Collowing tables of
component parasite drar urens were prepnred to cover the requircments of tre ger-

The component drag coefiicients were obtained from reler-

. ote th:at the win; is not cousidered ir Tavle I, since the dra; eficct

Component

Fuselaze
Pylon
Cacelles
Empennage

Landing zear
(retracted)

Interference

(1077 assumed)

Eub (based on disc
Cp from model

of the win in forward fli-i.t is included in the L/D oi tne wii;. Also, the nub
effect is treated as a separate conponent in the rotor-powered fli;ht performance.

and for turbo-prop flirnt, the hub dra; is contained in the L/D for the rotor.

TABLE 1
Area °p B Paolo);
68.5 11 7.54
2645 .016 .42
2945 .10 2.95
120.0 .012 l1.44
- - .35
Total 14.00 »
area, «0013 4.32
test data)
N Totel =1=8=.‘:; %

* Turboeprop ili-h-t (wins dra, induced and profilc, i:cluded in L/D wiic;
hub dre- included in L/U of rotor.

»¢ Powered rotor flizht (win- dres;, induced and profile, iancluded in LT win-).
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Voreasite Drac oostinwte (verbicol €lichit) #

Component Ar . Ve C{sreit.,
Yaceluwe 4lo T 145

150 66 1..0 38

Lall 82 1.u0 G

1 overing Download Ar.a Estinate ==
=2, —

Fuscla e

e
o
L]
G
<
&S
I

T 14C 1, i Lt

Necelles 10C ool S

* In verticazl rute of clismb euleilutions, the total 1 unfourm arca is usnd to
obtein tie ; rucite dras louats For suleculetl:iors oif rotes o cli-b ot Jor-
ward speeds, it Lo roceduary Le obtaln tic eflect ol Larswize dro o0 the
rotor in 2 verticsl df'recti e Therei'ore, tle 1 duse: urcw o tie win- 1is
subtrectod tfro- tie totl [ louform area wnd cotsidercd soparatel . le
parusit. dra: arca ros.ltic; 1s 546 sqer'te minus 352 5. .ft. wiic.. uquals
214 s7.:4.

i

sx To et tihe noveri ., power rejuired consideri.i iL... eftect of ru.or downw

an estimate is - ude ¢f the urww in t:e vatn of t.e dorawash v locis

.
&

.
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LR 4

2ivle alrfoil seclion hiw o €.1 nspect ratice

ffor i1

firite uspect ratic o 701 by erw bioans:

0 o o " 1Y capvay o a9 .
refer-ace L7, Micure 14 Lregans

terisvics usad i w2 ooerodmn ic 0 curenics estirctes. cae

coulicient with Curee

ri varloecri leawve:l Plivhit i ghownm in

Tot  Lropnller cieractoristics -

Godo T

———— e =

tiree-s laded £lleiaute ri.. ford
Codel Y01 ras tartiven i

tio, tre oo xlor pleern dis sot oL teal wiie  rosults L

he te rroedler s Ror s oprliconar i

. .

to absorv & o7t oo Luedloble ernclac siof't ferie over Loroaa o
£1i ht rm-e. | Toe relsrence v, o0 The prolisours

.

in sectio: tePel

’.'\4'2

« ke prelicinas propellan

flrure 1, is ectiouter r'rom the dots pren led oo roler soo

is as ollowus:

o2 Fixed wing chursctoristics - Tne codel 73 Cnield wioo

e carr=c-.

. i'Ai"

e tiaate, tris r o &

Toue alrroil seciiun o aracteristics

1rive aspect rolio obluined Jrom releruney Cen wre corrent 4 Lo tne in-

furtlior corr.ollon o en L lirt=drese revlo is oaade to account for dn

)

Tiscus i = Lhe p lieiceoey turbeeprop instollation
o froduacts propellers driven v two Allison

Lorouch 0030l e Tlesd | enr noXes.  rin

Yoo

propnller

e
;

e b of 1ift

“Luoare prasentoed

Al n 20012 to

G

taper in

airfoil ciarac-

c oiste of two,
melisHp t:r opera<
;v er ohisorption

Liins 1 asswaed

.

v.¢ elicopter

‘iclency curve,

. (ne sectod
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Stap

Stop

Step

Step

Stey

velocities

[}

cn

propoller c¢fri-iencies are ugsed in trunstforain; U ¢ shaft horse,vwser and net jet

andd

[

ssive velocity,eltitude

Jetarming sopine power,propeller speed

Tonpabe J

J = ?? Vfﬁﬁ = 84 ;Y?Eu{xfi.IB = 1,27
€] 3

Co.pute CP

Cp = < (3EP/1000)
€ /o, (W/10W)°(1/10)°

C. = &

2
(1,758

Le]
=

Detarnine X and Cx
X

Activiir fuctor = 4.0

= 1,27 = 1,27 = 2,10

(.C10) 173 . 505

3tep T - From cuart (refercnce 9..., ju. e 15C) read Yl = 85

Firure 1%, propcller efficiuicr agninst veloecit:, is obtsined br assumin: various

r:pe:ting tie steps reiuired to outwuin propeller efiicienc:.

ti.rigt to horsepower svailawvl:: {or level flishti p.rformonce culculationse

X = 50

220 knots,seﬁ level

2290 #F, 1760 rpm

CP = ,210

CEx = ,350

Tnese
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Ge4 Flizht limitations

6.4.1 Bla.e sta{l - Petreating: bloadge stull is considered 2 limitin- flirsht
velocity criteria because of loss of control end objectionable vivbration., TACA
flight tests, reference 9.8, indicete tiat a retreatin- blade tip anzle of attack
of 12 degroses is the beginning or tlace stall., Operation at tip anzles preater
than this causes increased profile power loss and objectionable vibration with
loss of control oczurrins about 4 dejrees above the initial stall an:le.

Blade stall is priiarily dependent upon tne advance ratio und the aerody-
namic blade loerdinz (CTAr ) which is a measure of the meen blade ancle of ettaci.
Figure 17 prescnts the relutionship of initial stall Cp/¢° with rotor shaft
power parumeter (P/L) for constant advance ratios,/A". A disocussion of this
grapn and its sourc® is prescrted in secticn 6.5.4. For the :iodel 73, vcceuse of
the aerodynomic blade loudin; und because of tie ef'fect of the Vixed wir i ['or-
werd flight, blade stull is avoided in the helico,ter level flizi.t condition,
except for operetion at or near Cr, of [fixed wi:u equal to zero. Other limits
are more critical for tiie hicher fixeld-win- 1ift coerf'icients. In propeller
flight, the inoreesed dra; losses, because of blade stall, are accounted {or in
the model test lift-dra; ratlo of the rotor; and since control is attained by a
conventional aileron-elevator system, blade stall is not a limitins criteria.

6.4,2 Advanoing blade velocity - An advancing blade velooity limitation is

oonsidered neccssury to avoid incrasased powe} loss caused bv iWach number dras
divercence and ocvjectionable vibration, fatiiue, and control characteristics
oaused by blade 1ift losa and center of pressure movement. A limit of forward

velocity plus rotational tip speed (V ¢+ L R) of 900 feet per second is assuwned,
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rearyard shifts of centor of rassare are eveided iU the caclo number as L d

.80 is probablv practicel becnuse of the 1. U:raediates nmeire of tle provle:n.
Further wind tunnel research and rull-sc-le [{1li.ht Lest proorems should prov

acdditional i:"orueidion on Lais limiticor.

3

maxioaur wins ife cosi 'ieiont is usaed &8 a wmindmos veircclty linite.

GeH Iressurc=jet f1i-ht condition

€eirel cverin - Tue hoveriny; acrodvae ic efiicieney of a '+ rotor is

—— e

J

dimensiorally as -

T T Crp 9ﬂn2(n.“-,)2p. Co
F Q ¢Cq PTREQE) 2T cq

The hoverin; jet rotor tcrque requirements are tue profile and tre induced

torques,

CQ = CQo* gy

Tor an idezlly twisted rotor, the urofile torjque coeificient in terms of the

“ACA tires=term drar polar which is rupresentutive of smcoti., wsll-contoared

which gives rise te & #0 Jjaci: naabor at seoa level. heference £.10 shows b

1%

o6

to this vuluve :owever, ororatiz: ai hicher advoacin blace Aduch numbers viin

ide

64,3 Vit still - The wlalwen propell or-drivoa vlioet spoo0d is assumed to

be dictated by Li: maximiy wine 1irt coofticioct. etww L1, Wi @5 noet a ph.gi-
’ » R | B

cal limit, siance 2t L ess ninimum speeds, the rolor 12 ui) ortin: » silriciant
portion oi' the wei »t to auiatain control. :owev:r, 'or srolwvticnl jurposes, Lhe

elt3e]

recressnted vy tne ratio of rotor t:irust to ‘et thrust which ney te wriiten non-
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Elades 13 w7y rererence .

92
.:Qo - o— éo + g/‘) Jl ’JT + 4 c(‘, c- -

) E n
I3 e TR < N Y

and tnc induaced toraue coefiicicnt is,

Cgy = (Y7

B

vor tue (adel V0, it ic cesamed Loat toe profile dia, thiz torgue, is irdepen-

dert of wvlice tv.lsi znd tuwt toe iiduced droas is iucr-wsed t» porcent to account

for tie verintisns frem anifory inflew encountered wit,, rectan ulur urtwisted

bludese Tre tip less fuctor nsouwred iu tlot presented b Sissi:ich in reference

i Since the .t .. rust prescrted 3:u r-ferice &,5 is

cross internzl trorust excluding
1

Jet externnl dra , tie roverin; roteor turu-t - Jet thrust retic is modified to
coourt fur tiow drac torque of toe jet units. An ecuivulent porusite area of

awlay o

o111 snicre el ver blate 4 rasuned and wne 1T retio correcrad accordin-ly,

AcCo = ufy @ (AR R = bt
em:Z N 2T ?)

TP = c;,éQo + Cqy ¢ ACQ)

Ficure 16 prosunis tue varialion of tie rotor turastejet thirust ratio wits aero-

dvianic vlade loauin ("T//o‘)- This fisure is btae besisg of all hovering and

vertical cliib performanc. =siingeue:

“- e
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6e5.2 Vertic:l climb - In a vertical ctimb, the rotor handles a pgreater
mags of air (due to clinb velocitv) thwi in hevsrin and, therefore, needs to
accelerate tle air mass loss to produce tne swie tirust. As 2 result, tae induceq
power losses in a climb are less t:ran tlose in hoverin.. Hesulls ol JACA tesis
(referec:cc ¢.12) wore used to octrin the variatio: of the ratio of tire excess
horsapower to tic efiective climb horscpower witi. ciimb velocity (figure 16).

The vertic:l rate or' climb was cnlculuted usii- this figure and tue calculated

-

excess Lorseower.

Po X 33,000
S

The eff'cctive ¢limb horsepower, P, was delermined with due cunsiderntion ;iven

the increused rotor lift required to overcome fuselage - fixed win: parcsite dreg
i verpticul climb. (3ee sampl- culculation).

6.5.3 Forwaerd flizht - Heliéopter steady state forward flight perforriunce

is calculited by .ACA methiods of antlysis (reference 9.2). 1ndividual power
logses ure ex:rsssed as tre erner:yv dissipated per second by an equivalent dra-
force moving ut the translational velocity of the aircraft. The sourcos of power
loss nrre the rotcr profile and iiduced drags, tie jet unit externel dra;, the

win, profils wud iiduced dra;, and the fuselaje parasite dra;.

An equivule:nt drar bulance divided by 1ift is the besis cf all steady state
flicht prrforaance coleulations. This drag belence is modified to account for a
portion of tne total 1ift bein: carried by tne fixed win: with the resulting

drag=-1lift egaation reading:

s wtome s @ s 0]+ il [o4]
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In the helicopter fli ht condition, tie jet extorual dray docs nut aftect rotor
characteristics such as blade an;le and fl‘&pyin;_' coelficients, bul does afiect
the power reguired, since -ross inturnil thrusi is used as jet tirust avuilable.
For these reasons, both (u/L)pyp includin: and excluding (1.)/L',\J ure calcalated.
(See sample calculation.) The power required is then colculateld frou the
(D/LYpor including tre jet dras-1ift retiio by:

Hl"(?ﬁEQ) = ["\"/L]TOTAL xLx¥V

550

The drar-lift ratios used ir the total drag-lift balunce are developed individu-
allv:
Rotor prof‘i_].iii_rﬁé:};i_f-t_.rutio_(D/L)o - Tue rotor profile dra--1lirt ratios

for the various flifirt cr:iditions ars determined fron the NACA charts of rofer-

dreg polar (Cp = .0087 - .0216& + .40 2) which is representutive of smooth,
accuratelv-concured blades.

Fotor induced dre--lift ratioc (L/L)3; - The rotor induced dra;-1ift rutio is

calculated by treatin, the rotor as a liftin- winz of 4,71 aspect ratio. Thus:

(t/Lpds = Cpg = OLy? = CLy
-C—LE AR Cip K3

Fuselage parasite dra:-lift ratio (I'/L)p - The fuselaze dra:-lift ratio

is calculated from the estimated equivelent paresite area. (See tavle I).

Thus:

(/)p=£1/20Q V2= _f#
W

enoe 9.8. Thesc charts are develo.ed for assumptions of zero twist end a profile
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Jet external dra:=lift rstio (/L)J = The 3ot exteraul dra -lift ratio is

doter:.ined from an e timute! cold drag coefficient of 145 whichi is Lasasd ugon

expurience gainad under the iir "atsriel Swiaund ¥ -2l rer Jut rotor contract.

The maximun cross-sectional or ol ¢ cach pressurs o uoil 23 MUY 5 wrrs liciies.

Therefore, the equivelont per sito area par unit 1s <1l sqaere Jeci. avia, cs-

tablissried the equivelent prrasite arcon, tone ‘el dru -1it't ratlo mav ve determined

by

n
(17/’L}'\)J x LpV = 1/21\ [ bpfa e/?. (ny + VSI;\zq))S d‘-l"

which integrates to:

(/tg)g = _bpfg [1 S + 3/2#]
CLRTTRz

Por quick estinction of the jet drag-tift ratio, non-dimensional jlots of (L/LR)J

”
against the reciprocal of the rotur lift «oellicient for a ratio of beJ/@rR“

equal to unity are rrescrted as £firurs: 2¢ nd 20u. The value r..d from t:ese

charts must be multiplied by the wuctu-l riiio of coll jet squivalent perasite

area to rotor disc areu whicn is .QUClO for i’odel 7S.

For rotor-powered flight, the jet unit drng has no effect on tie rotor chLar-

acteristics, such as blade an;l:, arn:le oif atiack and aj flappin-, buv as alrcady

stated, does aftect tie power requirod. Thernfure, the (D/iﬁ)d ratio is s:b-

trocted from the total D/L ratio for t'e determinati.n of rotor c:eracteristics

other than power required.

Min: dra- =1i"t ratio (D/L)x - Tie win: dre_-1ilt reiio is obtoined fro a

plot of the win- airfoil cnarnctoristics (fisurc 18) for t.e fli it cordition

assumed, i.e., at the r~iven win- 1lif't coofricient. The varictie. of wi.: 1lift
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with m. sutorot-tin- rotor. .ind tunncl model tast prosrams contractzd to the
Cf ice wf "wviul eseurch shiow tict 1i:iitly loande antorotaivin  roters way advance
at far i hor wdvance ratics then herstofore considersd practical. Throu h these
pro ruvs, reter lifi, dra;, tlade metivr, tlade stiresies, fixed-win, interi'erence,
alrcr:fv starili‘y, and many other details have v.en aralyzed ani tes:cu throush
¢ wide ron-e U v.riavles. The resalts of these nodel test progruus und studies
form tre vusis tor tre Jodel 73 aerodynumic performance estimates in the turbo-
proy {1i:ht cordition. Ap;licanle tozv datn ure presented in fijures 5, 6, 7, an#
8¢ for further 1uu:, sce .40 En-irne rin Letu.rs, referasnce 9.18.

Firure 5, "iotor Lift Locfficiant /. =zinst Advance .atio", preseunts & compari-
son of cDonnell wind tunnel t-ots wl tne Lirh advuance ratios and other pertinent

test data from crevious HACA progrwas. Fi-ure 6 .;ivos a mean curve used in the

performenca gulinntec.

Fisure 7, " ovor L. t-"rn .atio Azuinst Advance Retio", shiows compurative
rzsults of JACA tests aitl u teu-foot rotor model (referonce $.17) and with a
t.ll=scale i.czirm rotor (refercace $.1€) and clo:nnell tests with an ei-nt-foot
rotor model, to-ether with tne =oults of ¢ onnelil theory. Accounting: for Rey=-
nolds rnumber efiect, all Lie Jifrerent test re.uaits ad itheorevicel results are
in satiz'nectory asreerant., ri-ure 8 ;ives tiie rotor lift-dra; curve used in the
“odel 78 proliminary performance estimates.

€6e542 Forward flizht - Level flight powsr rejuired for forward velocities

is obtaired i a manner similar to that describied in the section on rotor-powered

forward £1i-ht (seaction 6.5.3). A modified dra--1ift equation is used for turto-

prop f£1li. ht. The powsr loss due to drag of tre rotor is based on autorotatioual
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wind turnel date which does noi separs.e the profile and induced losses in thne

rotor (sea ijure 8). In tlese te.is, wnict compero favoranly witt other wind

tunnel -2 tneoretical date, ths rotor aud its Lub are corsidered as cne unit.

Therefcre, it is only necessarvy to adl the Lip Jet dra contiril ition to tle rotor
L)

for a dra., .ower loss due to tie aolorotuaiin' rotor,

t should also be noted thni tie ,urusite dra: area used Z“or the parasite
drais loss differs in the rotor-pcwsred and tirvo-prop jowor rejuired calculations.
This difrerence is due to the ract tiat tie nub ru; is inel ded with tict
neasured Jor the rotor in the autorotutionel test datse In the rotore—;owered
flight, the hub drag is taken as a coumponont of t.e parusite dra: erea for tie
whole si:lp aad included with tue parcsite dra- povsr loss

(SR

The resulting drag-1lirt eviation is o5 follows:
D/L = Lp/L [\D/Lp_)g\ + (D/LR)J] + Lw/L [5/1,,,, _l"” + L“/L}p

The power required is then cnlenlatud from tue D/Ly ap using bne Jollosi:

squution:

3P C\;‘..O.‘ = (D/L)‘l'\«TAL xL xV
(Ra@) 550

(See saunila culewlation 9.1.4).

The pereount loud carried oy tie rotor tnr-u-hout trhe 1'licht velocivy ran e
is presented as firure 1l. The dash lines repres i tre porceant load carried Yy
the rotor in helicopter fli-ht, wrile the sclid lines are for tu tu-prop £1li:ht

at various autorot-iing rotor tip speeds.
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0eled Fressure=joi level rlignt pow ‘r___r_c_aciulmd
Altitude = Seu level
~ross weisht = 30,000 lbs.  To. 1 parusite arca = 18,32 ft.7
Jotor disc urea = 53%u L.2 L ixed wing area = 532 r't.2
rotor tip spoed = 700 £1./sec. i 1irft cocilicient = .
Totor soliiity = .09 L/, vor win: = 20.9
= s —=e—r— = e — =0 R —er-aratiny T =t e — e 1_..
,U ASSUMED .10 «15 ! orky) 1 20 «30 «35
FY./SecC. 70 los 1 140 175 210 245
N P spmantssy S Crerm s . U S + o . .. N S o
Veu KNOTS 41,5 62.3 | 83 105.6 | 120.5 | 145.2
L P . SSIRR Y SRS SR R
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' ] '3/ e S |
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C'% W=, o BR 7.10 337 2.21 t 1,36 «85
e S R — S - U
! {
LQ_HL NACA CHL\RTS | #1750 :1170 . 2930 0840 } VT ) 0910
- —e o .‘_._ @ o > —— o -
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_H.mf--, R At S . o
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an-le @ (Tew saction 7.5.3). J
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Ascordo BR,E8T 1o, Lo se st Ll 1iait retor load of Toad oo, /sae.,

¢ loudsto pomor roscived for Lotz ciimn ¢ ditha

S 57,402 = U055

0 x @ x 5u20070)2

Siore 17 stous for laitisl sl S/ of L0BGD :.t}_{ = W1D,

Tor »/L = .4, ¢ icilute tre follesin: usin ACA c.urbus

CI/QV = Ji,462 = £.,81 ;21 = .749

T x @ /2 x io20(105)2
Tron "ACA enarts and Ly the neiocds of soction €.o.3
L/L,, = .1150

(r/1)g = L1870

(D/L)g = 0400
(T/LYe = JOLT4

Ly/L(1/L) = 0037

035)7:"1 3 ( ‘y ’ Y
S ¢ LI GRS )

—~
~.
‘
-
1]

e AUD - WSl = 150

PPeer o= J12000 » 824462 x Joo = 114v
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T/ = 1140 ¢ ZE000 w 125G CL.Ardr.
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crors £iars
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18, g, = ~1.5 L=

downlend = 1,73 x

b

=-U750 1os.
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0~0° o N} ey N
7z P,’Z\ mo‘)) £o= ¢3¢ lbse
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Prom CATN clarts at /L o= (o0, whic. is permissible, since (/L) varics

but little with °/L crance in tne lov ndvince rotio rarce. (3oe rerersice Hei).

(Lo = 01208
(L/Lyg = .2355
(D/L)g = .0320
(D/L)p = .0059
Lg/L(IV LYy = 20275 -
T4 = (O/L)TuviAL

(1,7 g = 8480 - ,4214 = .4256

EY LT = «4266 x 40686 x 105 = 3320

T 850
o= 3320 x 53000 = 35650 fi./:ine
[SAVIWAW)

Y
which ciooks the ascuwaed valae of 3640 z’t./min.

8.1¢7 Propeller propulsion meximum rate of climb

Lxzcess horscpover at 140 knots = 1€80

(reference firsure 9.)

Theraefore, E/ = 1680 x 33000 = 1850 ft./mir.
30000
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|
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8.1e3 ormel fuel lo.o Llcil tion

The celeulstea votnl riel load requircacnis of the adel 78 coasist

of the tollowi: :
a. 10 minut s ut noracl rated power
(1) 2 nmmuates boverin g
() 13 minvtes u® lul=imod cruisiog
be 1Ul=mile coubst radius at ceriis: sieed of 220 knots

ce 11U reserve

de 5 incrocge i+ w1l TN ror gcurviee voriaction

ovarir- ruel reavired = 6770 lus./ ro (Cocservetive ostioste Croc

oy

turto-pror Trcol recuired = 2875 los. br. (refercrze ..
(normal rat.d covor)

. ~ n 5 s 4 3 N
turboegrop fuel reauired = 2¢10 lnc. nre {revercnce $.0)
(zt cruise horu o ower;

15 minutes w rmeuy

MBTE « 1,06 x 15 = 64 1lua,

100=mile criise redius et 220 lmiois

, 2010 x 1.05 x 2060 = 2450 1bs.
530

107 reserve = 375 1lig,
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