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PRELIN!.~•w OAAG es:rrnATE 

Net Dr<!!,9. 

Based ~n compar I son of J:'l I ghts t~OA (Pg. 57) . m\d 548A, . thilll net A f (Bc11lsl c 
Alrc t· t ft 41lnd with Cold ~ets, et al) for Jitver.inl airspeeds are: 

V. Kn:ots 
100 
120 
140 

illlmt A f, square feet 
3,5 
3.2 
3. 12 

ITEN 

EST IMATED DRAG BREAKDOWN (120°140 Knots) 

4f SQ. FT. REF. 

8025- 99-012 
Est. 

Blade •Cuff 
3 Elevator Installation 

(Af t Elevator+ Coble on Std) 
Jet Engines Installation 

Basic 
Induced (for condition consldere~) 
Interference 

Net Drag Increment 

-LO 
.2 

. 2 .. 9 

1.1 
.3 

3.5 

.Est. 

E_st. 
Est. 

,'<'Induced drag of Jet-Pylon-F0:selage is estimated to be.equivahmt to 
750 lbs lift for each 10,000 In_. lbs, b.h1de beam, .moment changla:. This 
with an assumed L/D • 6 gives an .approximation to the Induced drag. At 
160 Kn.ots with 98% rpm on Jets, the Induced drag on this basis ls 6.7 
square feet . 

1· · 

' ' 

' ' ' 

,· 
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Tbe stemdy emp01nentl:. of lllllli1111 lf®lt@IA" ,olui hllllla b~ndiina momtJ11:r ts t "".d1cL-.d.v!!! 
of 11ft tbe rotor h proc1aacll.qa 'lll'l!Mn ,- bi1!'41111D bcndilllll lll'Ullllll!Ht!: .. r.d correl!ll• 
ponding fusel&fle &ttitude fff lif11111'~1 fl(ahi ~~® plotttd on ft3ure 11 vcr®uo 
true aiirmpeecl. 

Th@ dmto on fipre 11 mhnu tbit e@ jet tbrwat tncr~aues, thi! helicopter flies 
more nose up. Thti bellllcUng .llll£Rlllllil0llt '4t& 10 filOll!'e negmtive me tthe MSe COillelll up

0 indicating a rtdueti®n 1m ~~too- lift. 

The reduction ia rot@r 11ft iwll&C141111ted U., t~ l!Nmd1118' IIIOl'lll!nt chans~ when fuse• 
loge attitude ia t.aeruued to ~IIMII <co ~e in ~levator load, llfr on the 
fuselage•n.acelle•falrto; eillll6iutillllft • to the vertical cOM1ponent of Jet 
thrust. 

,, 

17 

. ·'. -i 

.. r ... •I.; ... ... , .. ••··•• ,,,. 



,.-1 

:. ,,i' 
1-'.' 
I 
I· 

II I I H '!I 

I 

i.) 

11 

:,,o·,·lJ>Y ti}1,,1--,~·: • .,.,0_·.v1 "P _,.l,i/.·'# 1t,'ar,: :;,. y(JK,, 8,fJ"llf r,:, · ... +Ho1 · · :· 

• • ...... . , - ' -• ~ 

A'/t:>1"·1 .,, ; · IJ)_'l f'~J·':"-~f:11ar ,.#/"ll'ITl.i OJ!:.....,!_~ r.n.,'!.: ,'!IJJ:._~ f 11 f.' L ,) 

10 I 
. :I t· 

' .... t 

-,r 11£1. ,r:-1.1; Hr 
- · ,; w.,.l,~r,o 'IS 

· .. ,tJ PA'':/Cr.JNE 

~ 
''.".• . -~t="G: 

2. 

,e t· ···~---··-

i · • . I 

I I 
e---~---:-- i w: J i e 1· •· ·· , .... - 1 • 

l ·· :i ··i la , ; ! 
,A? . i ) ·• -,;~ r ·: · ". . .l 
rNt.'t!· A.raZo~.;,,N~---J·· _ .. t, . 1 

...... 

·-----•···-... ·--.. -·---·---........ •-,-~,----------..· -- ~ J .. -,-·· ..... 
-----....... ------~--...,_ _ _.._.;..,_...,..._ ......... , --+··· ' ... 

. , \ . ~ ' , . 
' 

-- "''l""-" .... '•· ..... ;., ....... -.. ,-.:.-, .............. ,._, .. .. :.,, ______ -~-- -~-. .. ,,.. 



!' 11111. I~ Hl F I J 

Nl'II'!: 

,. .... , 

,., , ,,.,,,,, ••'• ' a , .... -----

C, ,' _, ·• ':. O,V..!, ,Pl¥"'. • dJ 1'1 ~~ W't/?1 K°' ~'I/.(;. ~· , ' J.,,,! . , , (~ -, .-- • A•,• 1 .r • 

Ltliltif'lated ooc: i B letorv pUm:h Uti161 1•~ v1n•1u1 111i ui-, eed for v~.;tiO!I,& 
11:0'llhl not icr.rrn al aannll Hmirv, rr@puio l• l]lnd Ill !-sf t 'ionrtH•poe r . 

I ee1ll) -

f 

0 

.. 

• • •••••••• :· .,.. _ ..... .,. . .. _ .. .... . . . ... . ·· - • .. ..•.. . · · • 

I 

~~b. •f'-lYNt GI?~-~ - _ _: ___ -+--·- --~- -~ -. 

.. ... 
· ' · : 

.. 
. j_ -· 

'IM.O? 
~ . 

I 

J 

·-~-

O!tC. 
01TC~ ._,._,,I( 

LOJ\tl 

·•··· 
I 

! 
- ·, ' - .. --J___ ' 

I 

; __ - --- ... 

100 110 Ito. I~ . 180; I 1..oo 

f I f ' i ' v,Locat.~.T-·L--~-~---- '·-·-·· J ... 
II : ! .. i : .,! . ' l . ll : 

• • I ' I ' 

tleta·•holm:•tt conwnatlflt ~119M:fat ·+ · i ---~_..;_ __ l .. . __ . ·' ... r- -· 
pta•lnf ,illxi-.. 1M"rf~jf1~, .... · f . ! Dita ~_pa : 

-·: : · . _,1_ · I ; · -L--l -·--~~•;• ':i .. '•~· ~ •~-" 3 

L •. 
, l'f 

,./•i,,-'•. 

. , irL, ,. ,.•, ... :. •t•••• - •• - •M-•-;--•- - •• •••n· • • • 
. ......... _, ___ ,,,. _________ . _______ ............ ., rn 

,. 
,, ' 



i' ! _ ______ ., __ ··--. 

•:1,• I ) \ 

Section 3 - The following pages present some of the problems encountered 
in testing of the mwrtiliary engine confi3uration. These 
problems were not monm11ental and vere not detrimental to the 
uchnical <Achievement of the flight test program. However, i.t 
i.s felt rhat exposition of the encounte1· and subsequent reso• 
lution ot these problemm is vital to all compound helicopter 
dforts in 11ght of the technical interrelationship of rotary 
wing. a1n.:raft and the nature of research flight test progr111m1L 
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.... PrtODLEMS ENCOUNTERED 

General Prob lems 

.QQoling Jet Engines in Hoverin_g_ - Jet.engine n.acelle.s temperature euc­
ceeded limits during tfedown .and hovering checks. Ejector cooling 
system designed, fabricated, .and inttal led. Problem corrected. 

lnterferen.ce Dra__g - Interference between Jet nm.cel les and ftJselage 
resulted in,Adrag of aboutJ-4 sq. ft .. New engine pylon fairing 
designed, fabricated, and Installed .• · i>robl001 .. corrected. 

Jet Engl ne ResonaJ\.Ce at .2 and 4/Rev - Respon$e.:characterlstics of 
Jet engine ln.stall at lon resulted fn near resonant conditions at 2 
and 4/rev. A reinforcing strut between wi ng support and engine 
support together with.: the new fal rr ng struct~re corrected the problem. 

Problems With Two-Bladed Rotor 

Pylon .Rock - Lateral pylon rock e~ountered~. Lateral damper Install­
ation .designed, fabricated, and lnst~lled. · Problem corrected suf­
ficiently to allow program to continue. Incipient pylon rock still 
exists. Controls coupling parts to provide rotor damping fabricated 
not tested. 

Stability and Controllabjllty - Stability problem encountered due 
to elevator locatio11. Pin moun.ted elevator designed, fabricated, 
and installed. Major Improvement; however, additional elevator 
area- required for stability and coupled elevator required for ac­
ceptable controllability in autorotatfon. Standard B elevator In­
stalled In tail boom location. Cable used to reduce .elevator loads. 
Probilem corrected; however, a single e1evatorcontrollable con­
figuration located on fin Just under tall rotor or at standard 
station over tail rotor drive shaft is neede<t. Preliminary design 
accomp I I shed. 

High Control Loads - High controls loads encountered. Crltfcal 
component remade out of st~eJ. Low precone yoke Installed to 
reduce controls loads. Flights continued. Critical belts rep,Jaced 
after each flight. Required changes to eltmfnate thi.s problem 
des i gn,d and In work. Flap on Inboard sectf on of b I ade des I gned 
and constructed. Low twist blades being qonsldered. 

Tafl Rotor - Tail rot.or changed due to high beamwlse loads. 

Weather - Numerous d~l~ys ~ncounterecl due to weath~r. Due to thee 
critical nature of the testing to est.abllsh .stabi llty and .control 
and explore new regJons, tests had to be eondMcted In smooth air. 
This normally limited flying time to the first few hours after dawn. 

The weather requirements were particularly severe as low temperature 
could result In extremely high. Mach number. on .. .advanclng blade at 
anticipated maximum speed condition (.989). Hach number effects 
could increase control loads. Maximum performance flight delayed 
over a week due to ·th Is .• 
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,g,tevator ln$t®I J~ .. T11~0 Eileviilltor paneh 11~ere .dcHtroyed and the 
flights program.delayed "1dhen fn the course .of chmrngfn,g c:ourf lg'-irm tlons, 
the ;tubu Jar sl))ars ga ! h!d c11nd sei z-Oltd In .the supp,ort casting miount4!1id 
f n the ta i J boom. Th@J _parts had to .cut apart to b® re1111py11!1d. Due to 
the m,merous conflgurat1on chang~s and frequent d[!~a·ssenllbly for rn­
s1>ectJon in research, problems of thJs type are to bil!l upll!lctil!!d. 

!J:.ob lems With Three-Blad~d. Rigid Roto,r 

Wh fle await Ing new controls ,art, the three·b laded ri gr d rotor was 
f nstal led. Rotor and Controls loads were found to be accll!lptable; 
however, . It was found that an .aft c. g. i,,as ,•equi red f'or v I bra ti on 
reason.sand a forward e.g. was riequli-ed for . stability reasons. The 
reduced angle of attack stability of the rigid rotor made the sta­
bility problem mor ,severe thl!ln,wf.th the flapping rotor. To correct 
these problems wou · have required a new elevator configuration 
(similar to the ont s} mentioned for the two-bladed rc tor), .sh3ke 
tests aud rework to readjust the fuselage response, and .about a 
month's additional filght tests. At this point, the two-bladed 
rotor was rein.stalled and the program .continued. 

Routine Type Problems Encountered 

1. .:let engine electrical wit'lng r4'worked and rerouted .. 

2.. Thrott Jc system reworked, . strengthened, and moved to better 
location. 

3. Tai 1 pipe temperature Indicator was found to be defective. 

4. Delay In getting fuel pressure Indicator from GFE. 

5. A special thermocouple probe~had to be made for calibration ~f 
the EGT system. · 

6. Preventative maintenance on Instrumentation .and ship during 
bu I ldup. 

7. Fuel line replaced -d':'e to faulty lnstallatjon. 

8. Miscellaneous . components such as fuel boost pressure pump required 
reworking. 

9. iHgh frequency required shake test to Isolate and correct. 

JO. Some of the stability and .control and high load problems which 
. were encountered had been anticipated; however, they were much 

more severe than .expecte4. 
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Flight te~its ,if the high p,ierformanclll! hielic:fJJj)R:er with awtlll.mry engines 
s h(lPl~ed thaut sev,11m1, l/rev and L~/r0v vlbratrit.l11fil, of the loft engine occurr0d. 
A rn11H:.hiillnl c•1d sh,111k•!~li ,,a, attach4ll:d to th,m, cab1 n floor aft of the co-pi lot n s 
seat ,m n d the h~~ It co1:• te r .,~as e,tc l t~~d from 9 .. ,2:3 cps. 

Sever!:1 l cond It Ions ~,mire checked to determt raie the effect of various n~ountl n-g 
condf ti ons. All coi,dllng was rfl!llnoved and a vTbration damper installed on the 
fon,,anl ~nglnct!l mount lnsJde the cabin. This wc11s the flight condition of most 
soviere v ib ration IC!llv~l. Several other condltlons wt th forward supports dis-
connect®d ,,~,er ll!l ch®cked for effect on the 2/r4l!lv response. Results indicated 
that vil:trat l,on lev@I could not be decrease:d !!llgnlficantly by simply softd!nnlng 
the forwa rd mounting. 

\nth damper lrrntall4ll!d , torsional vibration of the engine near both the 2/rev 
and l•fq,v range werlll! pronounced and the ampllcatlon was relatively ·high. 
Small amounts of ll!lJICcltation excited a relatively large amount of engine vib­
ration. Removal of damper resulted In an lncr~ase In resonant frequancy of 
the ffrst tors lonal mode to the upper range of 2/rev. SubstitutJon of a 
stiff brace for the damper raised the first torsional mode well above the 
2/rev range but the s.econtl torsional !1\0de occu.rred at the upper range of 
4/rev. Addition of englne to fuselage cgwllng had a noticeable effect on 
the amplitude of vlbratJon. L~ss amplitude was noted wlt:h the cc»1ling in 
place. 

Since numerous resonance modes of the mounting system occur in the 2/rev 
range, difficulty ~ould be encountered ln softening or stiffening -the mount­
Ing system sufficiently to Isolate the frequencies to either above or below 
this range. Addition of the engine-htselage cowling reduced the ampllcatlon 
of the vibration significantly to permit continued flight tests. 
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