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REP-.Y TO
ATTENTION Or

AMSAV-E

SUBJECT: Directorate for Engineering Position on the Final Report of USAAEFA
Project 82-15-1, UNJ-60A External Stores Support System Fixed Provision
Fairings Drag Determination

SEE DISTRIBUTION

I. The purpose of this letter is to establish the Directorate for Engineering
position on the subject report. The subject evaluation was conducted to deter-
mine the increased drag due to the External Store Support System (ESSS) fixed
provision fairings and hover performance with the ESSS fixed provision fairings
installed. In August 1977, USAAEFA conducted an Airworthiness and Flight B
Characteristics (A&FC) evaluation of the normal utility configured UH-COA using
aircraft, S/N 77-22716. Followiag development of the ESSS, AEFA conducted an
A&FC evaluation of the ESSS configured UH-60A using aircraft S/N 77-22714, which
included a comparison of the full ESSS and ESSS fixed provision hover perfor-
mance. When the results of the hover perforu=nce tests of the UH-60A A&FC and
ESSS A&FC were compared, a download penalty due to the ESSS fixed provisions of
5 percent of gross weight out of ground effect (HOGE) and 7.4 percenL of gross
weight ia ground effect (HIGE) was shown. This appeared to be excessive and it
was decided to conduct back to back tests using the UH-60A A&FC aircraft (S/N
77-22716). This back to back test (ESSS fixed provisions on vs ESSS fixed pro-
visions off) is reported here.

2. The back-to-back test results reported her-in show penalties of 0.5 percent
of design gross weight HIGE, 2.7 percent of design gross weight HOGE and 2.5 ft 2

equivalent flat plate drag area in forward flight. The accuracy of these
results is supported by AEFA's ability to exactly reproduce, in these tests, the
UH-60A A&FC HOGE tests conducted on the same helicopter six years earlier. A
review of the back-to-back tests reported here shows the Lest conditions were 0
comparable (density altitude, temperature and rotor tip speed) for both con-
figurations, ESSS fixed provisions on and off. There is very little scatter in
the data, but there is a distinct difference between the data of the two con-
figurations. However, these data differ significantly with the penalties pre-
dicted by the contractor's analysis of 0 percent de.tgn gross weight HIGE and
HOGE and 1 ft 2 equivalent flat plate drag area in forward flight.
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%,MSAV-r
SU.IECT: Directorate for Engineering Position on the Final Report of USAAEFA

Project 82-15-1, UIl-60A External Stores Support System Fixed Provision

Fairings Drag Determin3tion

3. This Directorate agrees with the report conclucluns and recommendations,
except that the Ul1-60A operator's manual should not be updated until completion
of the ALFC evaluation of the sixth year production UH-60A (AEFA Project No.
83-25). The A&FC of the sixth year UH-60A will strengthen the lata bnse o' per-
formance mpasurements with ESSS fixed provisions on and off and clear up some
anomalies in flight performance data (non-dimensional hover performance
vartation with density altitude and inflection points on advancing tip Mach
number trenbds).

FMOR 'It!" CMIMANDER:

Acting Director of Engineering
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INTRODUCTION

RACKCR01INP

I. The I1S Army has Ltated a requiremeit tor self deployment
capability for the IT1-60A helicopter. To satisfy this require-
meoit, Slkor.sky Aircraft (';A), DlivIlion .f VToilted' Technologies,
hais de.signied the Fxteroal Stores Suppor.. Syqtem (F.SSS), which

consists of airframe fixed provisions Pnd in external Itores
s,•ihystem. The external stores subsystem caii he removed and the
vH-6fA can he flown In this configuration wiLh the fixed provision
fAIrIngR Installed.

?. In August 1983 the US Army Aviatloi; rnplneering Flight

Activýtv (IJSAAFFA) was tasked by the US Army Aviation Systems
Command (ref 1, app A) to evaluate aircraft performance with
the fixed provision falrIngs.

TFST ORJFCTTVFS

3. The ohbectivect of this test were to determline the Increased

,1r:ig +ue to the fixed provision falrIngR and to obtain hover
pterf,)rmnane data with fixed provision falrIngs Installed.

DESCR T PTION

4. The test helicopter was a ITH--60A, ITS Army S/N 77-22716, the

third production ITH-60A. Primary mission gross weight (ref 2,
app A) Is 16,260 pounds and the present maxlmum alternate gross
weight is 20,250 pounds. The HH-60A Is powered by two General
Electric T7MO-,E-700 turboqhaft engines, each rated at 1553 shaft
horsepower (shp) Installed at sea level, standard-dav static
C,,IlrIftloii. TIqtalled dual-engine power Is transmission limi ted
to 2929 shp. Iin the ESSS configuration, the 111-60A Is equipped

w[Lh !ntvi'ral airframe fixed provisions an:e a removable external
;tores ;iihbvqtem. With the external st, e, .s'hsy~Lem (wIull's)
removed, a qet of aerodyiiamic faIrlngs. (El rert provision f[ilring-0)
aire lIntailed. The fixed provision falrliws usod during thls
eval'1altion were handmade and had signifia.t v smoother surface
textture and slight shape dIffetences whe-i .. •mnared to the 6th
vear productin 1711-6nA fairings (photos 4 •mtlu 5, anp 8). A
7rre derailed diescription of the IH-60A at- Wei, fixed provision
fAirlnigs Is Included In appendix A.

Best Avxb"b C';



TFST SCOPF

5. The flight testing was performed at Fdwards Air Force Rase,
Califnrnia (2302 feet). A total of eight flights were conducted
between 30 August and 22 September 1983 for a total of 15.6 flight
test hours of which 10.0 were productive flight hours. ITSAAFFA
calibrated and maintained the test instrumentation and performed
all required maintenance on the helicopter. Personnel from SA
installed the tested fixed provision fairings. Flight restric-
tions and operating limitations observed during the test are
contained in the operator's manual (ref 3, app A). Testing was
conducted in accordance with the test plan (ref 4, app A) at

the conditions shown In table 1.

Table 1. Test Conditions1

Gross ILongitudinal Density Referred Trim

Weight Center of Altitude Rotor Speed Airspeed •
Type (1b) Cravity (it) (RPM) (KTAS)

I (FS)

14,900 3280 242
S Hover to 153 (MIDT) to to0ov r23,2002 ( 3780 261 0

t 4,500 751n 45
1level rligh to 347 (FWD) to 298 to

1L6,2nn 13,1960 168

NOTFS:

ITests were conducted at a mid lateral center of gravity (i.1 inch
left) in two configurations: normal utility and FSSS fixed pro-
vision fairings.

2 Aircraft gross weight pltis cable tension

TEST METHODOLOCY

6. A detailed listing of the test instrumentation is contained
in appendix C. Established flight test techniques and data
reduction procedures were used (ref 5, app A), and are described
in appendix ). The flight test data were obtained from test

|B

a 2•

S



in-trumrentation disqplned on the Instrument panel and recorded on

nagn#tic tnpo instal led In the aircraft. Real time telemetry
monitoring of selected data parameters waS used during these
t C- t q.

ii
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RESULTS AND DISCUSSION

7.* 1 int ted perfrt-rianavi flight testing was conduic~ted on tile TT11-60OA
helicopter to determine the comparative performAnce- differences
between the normal utiflity configuration, as described rIn IISAAFFA
Report No. 77-17 (ref 6, app A), and the ESSS fixed provision
fairings configuirition. The Increase In eqiuiivalent flat plate
area~ (Fe) diir" to installation of the FSSS fixed pro~vision fairings
was 2.5 feet2. At th-ý out-of-ground effect (OGF) hover puarantee
conditions of 95 rercent Intermediate rated power (IRP) at
470fl feet pressure altitucee (Hp) on a 35*C day, the hover capa-
hilify was rediiced 466 pounds.

HOVER PERFORMANCF

"~.Iover pertormance tests were conducted at Edwards APB, CA
at the conditions and configuirations listed in table 1. A left
maiin wheel heiiTht of '). 3 feet was used for in-vrotinr e.ffect
( 1cE) anti 100 feet for o(FC. The tethered hover method was used
to obtain the majority of the data with a limit-'d amouint gathered
utsing the free flight hovering method. A cable tensiometer was
tised tn measuire total thrusqt les;s gross wFeivht. Vrriations in
the coefficient of thruist (CT) were attaiined by varying cable
tension or rotor speed. Hlover test results are presanted in
figuires I and ?, appendix F.. Test data with the fairings
inqtalled, compared to the noirmal utilitv configuiration, Indicate
An increase in power rea tt'red of approximsately I percent to
hover at 5.3 feet and 4 percent to hover OCE. When the same
comparison was made during a previotis test (ref 7, app A), an
Increase In power rpoutred of 11 porcent (TCE) and 7 percent
(()CF) was tioted. This difference between test resuilts for the
same configuration confIrms the observation reportedf in the
,)reviotis test, that the increase In power renuired was too great.
Since test resuilts; presented in this report :;lcroe with the
Airworthiness arnd Flight rharacteristics F 'va-iltiaron W; F ten;t
resuilts; in the normal titt I Itv configujrat Ion ( ref 6), md1' : a hse-
line was flown for each wheel heiipht, the previous data shoulld
he dflrpý!arded. The increase In power renuiired, to hover with
tihe Fl-SS fixed provf-Isin fairings Insta-lled- as reported herein,
is representative and should be Incorporated In the Operator 1

Q.The .ztindardl dav (iCF hover ceiling at the primary ission
igross weir~ht of 16,26n pounds usifng TRP was, 11,201) feet In the
normal utility configuiration a s pu~blI shed i n U;SAAPYA Report

4



\'No. /- i ( it 1 , ;.lit, A). With th. fa r i nv,, Inqtl Iod therr
W.]; , ei,'-rca ' of MSOi feet in the ,V ver rp IIi n.- . At 40fll1 feeo

on a Vi°C dav, the ma xitmiin )rross we I ght of 17 ,721 pounds

for sO F hoe %r in the norma I lvt Ittv con f I grt Ir ni d c reased

"?22 poend.n to 17,199 pounds with the FKSSS ft Ixed prnvisIon

fariors I r I tllod . At the hover performance gu.arantee condition

.)t 9)1 percewit I RP it 471)0 feet 11 on a 35'r day, the hover

,ipab II tlv was redured 46A pound.s ?rom 16,570 to 16,104 poun:s.

I nlcorpor. it I n the woight of the airframe fixed provisions

" " 1 poiunds, table 1. app R) .41 ! reduce the payload by
51t9O.6 pounnds (466 + 130.6 pounds) or the ePttvalent of el imi-

Sri it ur two co,-hat fqfupped troops and 117 poulnds, of fuel or

-1,1i pmlt n t .

If' I IF'*1 I 1i Io porformatnce tests wfrre conducted at t he -ondi-

, i s I I ';t e T Fn rah le I to detrermin , power required and fire I

1,w it k'riou,; iirqpeeds. The rtvthio. uoed maintained the ratio

,rt .s wols!it to rres.uire altitudne ratio (W16) and referrd

rite, *',.',d ririr o of rotor speed to amhient temperatrre ratio)

X/,')') consrion r',rrlted in a constant .r. This was aecomp-

lIs.hud by incroasing altitude as fuel was consumed and adjusting

rotor speed for chanves- In ambient tempneratore. Fach test was
flow6 In ha I -centered flight by reference to a calihrated

laltoral -irelrorrmter. L.evel flight test re'suults in the normal

rtil 'ltv 'onflgr.irtlon are presented In figures I throutgh S,
appendix F. and with th F.SSS flxed provision fairings Listalled

In figrures 6 through S. The baseline power reati red and inherent

qi ls lip rervo.s shown In these figiures were- derived from ITSAAFA
-'inil Report No. Al-16 (ref 8, app A). With the FSS.S fixed

pro vision fa I-nogs installed on the 11H-60A helicopter, Fe
incro;ised 2,5 feet2 which reduces the level flight airspeed
hv 2 knot,; at maxitimu continnous p.,wer.

S



CONCLUSIONS

1 1 1I . 1~.,; , oil t Ii q lIimi ted vvnltlat ton, t n~s t' I a tiOil of the ý'.Sss
S.... .. I xed pro~vi sino fal ri ngs, on the 11H-6nA hel tropter rostil tod in the,"i

• . Power rteqiiire'd to hover was incrpaspd compared to test

r,;i Its of the normal utiti ty configured UH-A0A (para 8).

h. Power required to hover was decreased compared to previous
t,, rotltt, of an F.SS.S fixec1 provision falrinrq conftgtured Ul-6f0A .fn ; .•? "" . ""i...

In lev,.l fllpht incrua.stid by 2.S feet? of eqilivalont
flht plate area (para If)).

.1
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RECOMMENDATIONS

I". The foll f ln,,g rocommendat t011!; are mr de:

-, The hover performance data obtained during 11SAAFFA Project
No. 82-15, datod Decemb-er 1983, shoild he disrep.arded (para 8).

b1. The inctease in power required with the FSSS fixed
- ,r,•,!slon sllO.Iid he incorporated In the operator's manual-
(pirai X).

I=
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APPENDIX B.AIRCRAFT DESCRIPTION

I. The F'ikorsky ITII-60A (Black Hawk) is a twin tuirbine engine.
I ng ,le-ma I n-7tor helicopter capable of transporting II combat
mrops pilos i crew of three. It is equipped with 3 nonretract-

.hbis' conveni *mui., whoel-tvipe landin, pear. A movahble horiztontil
srahi lat or is located on the lower portton of the tat I rotor
py Ion. The main and tail rotors are both four-hiaded with a
rapahility of manual main rotor blade and tail pylon folding.
The cros.-htear- tail rotor with composite blades Is attached to
the right side of the pylon and is canted 20 degrees upward from
thu horizontal. A complete description of the aircraft Is con-
1ained in the operator's manual (ref 3, app A) arid the aircraft
iyoneral Information manual (ref 9).

EtYTFHIAI. svrlmS SUPPORT SYSTEM (ESSS) FIXED PROVISION FAIRINGS

Tn the FSSS configuration, the UH-6fA Is equipped with In-

t eg ral i rfri me fixed provisions and a removable external stores
eil)sy,;tem. With the external stores subsystem removed, a set of
i,,urodyniii,- t i ai rIngs, (fixed provision fairings) (photos I

)r'nH-h .') i• - i u aI liled. The fixed provision fairings uised
dnvrin. this 'v•liation were handmade (fiberglass) and when com-
pi;red to the 6th vyear production lP4-60A fairings, significant
surface toxt.ir. and ;light shape differences were noted. Photo 4

ai top view side-by-side comparison of both fixed provision
ai ti iing. Photo 5, a top view of a 6th year production 1111-60A

faliring, s•louw the rough surface texture. Table I is a detai led
wight dtscripttnn of the airf rame fixed provision.- provided bv
t'c e iviation S'istems Command.

&[RlPFEP/STARII,ATOR MODIFICATIONS

3. The iitr,;,jtJd/stabilator system on the test Air'raft in'-,lhded
*i * - l )difi car 1 rolls fromn thet or•r g•g nal proihiict i( ii ; ir .rc l i ft i ;i1

ittcmpt to oli, inmate pitch oscillations during takeoff, irnprovl,
climb hiadl in , ,oiiall oties, and reduce larg o position error uluriiit.
Iriri,.,s airsp,..d regimeq. Three changes wcro incorp,)r.t ed ill

'I,., pitouL-s.,, ati, pre ssure systems and two change q were elOctric 4
, i-c'iut ,.odif H'ttons to the stabtlater amplifiers in th(. ;tahil-
.it)r ,%vst;m. 'Iaoir feattur,,s 1f this sY;tpm. ire ;inlnmimri7.ed ir

t1, 1 .2 :-,' ;l-, de, 'rHi ,d iln detail I n the Prelimin•n rv Airworthi-
,;' t Iit ,I]i oI 1:hI--h)A with d an Improved A is -,peod System

r. t , a.,pp A).

9
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Phi t o 2. Fixed Provision Fairing.s
L~ooking Forward (Test Aircraft)
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Photo 3. Fixed Provision Fair ngs

Left Side
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Tabhl, 2. Air5,ped/Stahilatnr Swstem Confl(p.ration

Original C timr ront! I tem Producti1on , Prodcitecton

Stahilaotr Airspeed n.4 sec 3.0 sec

Damping (electrical)

PiFlrt-Tith Orientation Straight Rolled 20 deg omitbnard

1 3 deg dawn

Stahl latnr Prc'ram -- Collective gain
II reduced

Ai-t-weed indicator 0.0 sec 0.4 sec
n amnt ang

Vort icmal Spo',d Iicatior Pitot Ttihes Cabin
St~it f, IScyr,,e lne.4tio6

. ~16 "



F o I NI'S

1, * The pr I mairv power plan si f fort It(e 1r11 60A be I I copt or a1 r.* CemIera I
F Jvr Ie r/(cInl-c: - imi froril dr I vi' t iirhofsha~ft vi'! I es, rait ed a t

S!i ~:l ft hor-;epowor (slip) ,.,t A1 power turhinfi' speed 20,900 rlim
( :'j1It-ve 1 st Ar-ilrd dav oqt allied). The t'ww Ines are m'io~ntert In

ia#liqon either side of the main trans'cit-sson. Eachi engine
"lli-; four moi ! tq rld sec t Ion , hot: nert ion , powe-r tirbrine
,c r Iofn, n nd icosqory sr't Ion . Inestgn fePattures Inclide an

i i I -oewit r I fo' I f I low (ol.P r ssor. a tbrout'h- F Iow romboistor, a
w,, a) r ar - v it)IoI I I I i'Ir reý-s tir.' jy:i s gven cra toltr I.i ir h I v, a1

ii, uolof ihwor ttir ilie, arid selfV contal ned iqibrI eat foq
I 11A I olc r rI ra I ; vr q t mrs. prnvtenp'i c dtlar are shiown helow.

.")rdo I T700-G;F-700
Tvp Trirho-haf t

-itPI power I i91 slIp I ristal leId at sea level,
standa rd-Jav startic ondi t iions

it 2n,Q)On rp~m
ýp r.F4 e r~a ýt w,-s . I rentrifiagal

i)i recrtor of enrpd ne
rot ;r ion ('11t loo~k Im fi wd) Clnckwl ;t

UP. ipt (dlrv) 419, pounlds Marcx

41 in.
*4 a'cinr,or .'1iriao'ter 29in.
VittI I MII.-T-S62?4 gr~ido .IP-4 or .IP-5

RAqT(' 4TP'PAFT IN.F(1R"ATTON

11"!, -1 a ta r o tlro PIv'll(A hell cr' if't, - rano a t fo la Iws:

*~prrnir'at'Iv I('2r Ions -I

17 r? ('!2heCp



Main Rotor

Nitih,,r of hi.1(*,'' 4

nTampter 53 ft, R In.

Bt.Ade chor.1 1.73/I.7S ft

jTdif, tw•s.t -t- deP (Pelglv,,lent)

ilaep tip •wee'p 2)0 deg aft

Slade, area, (on*, hjad,) 46.7 so ft

Airfoil seetion (root to tip) deRIgnation SC1095/SC1095R8
thicknes-z (percent chord) Q.5 percent

Yain rotor mast tilt (forward) 3 deg

Tail" Rotnr

N or r f hiI.', 4

11 ft

Iladf, chord 0.81 ft

' i ;,i twist (eqitival ,nt linear) -I9 deg

R1,.1-, area (one hl,Mde) 4.46 so ft

Airfoil sertton (root to tip designAtion) SP.flq5/SCI(0qSRR
thi-knesq (percent chord) 9.5 percent

rant angle 20 dp,

18 d-g



va ,.r !;it i o.n

M1%_tnTra"-' n i _sit _ _ntptt PP_ .htpit R'M P.ittn (Tpeth)

Triptit b1, w.l ?n ,C)() .0 i747.5 "i .1364 (80/22)
"fMfl ho., -1 5747A7 I 20F6.3 .. 7f647 (Rl/17')
*'!~ i','y 12fl. 3 257.9 4.6714 (228 + f)2)

62
TiltI r.d.f1f 20A. 3 .41 1.9 f.?Qll (34/1I10'

,A 'c.,sorv 't'v,,

',,,n.rit,,r) 9741.5 11 ,805.7 0.4909 (37/76'

(Ovlr J1' c) 11 8R0.7 711r.I 1.6429q (92/ ib

Int err-edf:i at

(;parh'ix •4115.9 3318.9 1.2400 (31129)

T'ifi. CGearh. I IFt.Q 1180.9 3.1809 (23789)

! ver ii1

"11ii r -f or 2() ,90n. ?57.q P1,.n419

t]! 1 rotor 2I,90.0 118AQ.8 17.5658

7T1i I ro il nr t n~

-a i rot or ~I I QR70Y



APPENDIX C. INSTRUMENTATION

I. Vis, rt,4 ;nrtrieimntatlon vas Installed, calihrated and main-

t ;l'nv by tls- I1. Army Aviation Fngineering Flight Activity
personnel. A re-t hoom with a swivpling pitot-static ttlbe and
anorl, of ,tta,-' and ;Ide.qlip vanes, was Installed at the nose of
the airt-raft. The data anuisittlon system utiltzed pulse code
!eodtil it oc, e'nc-,d nr on manet ic tape nnhnard the if rc-raft, And
to til' V'rnoind for real time monitoring throuigh telemetry trans-
1;-I on. lIava s f Iisplaved or recorded as indicated below.

Ilo It Stai ton

Al rpeode C heom)
Altitude (hoom)
Al I •,de. (radar-diial range)*
Rate of climb*
Rotor speed (sensitive)

Fnglne tornne* **
Turbine gas temperature (T 4 . 5 )**

Fn7.ine g.as generator speed**
Control positions

Longitudi nal

Lat .' r.il

Pee.] I

Collective
,tahlIator posit Inn*
Angl,, of side•sllp
,ens.tivi' hank angle (center of zravitv lateral acceleration)

Copilot/Fngineer qtation

Airspeed (ship's sv-;tem)
4lIt,lde (ship's ,Wirem)
Rotor s4pee~d*
Fn,,Ine tornllt* **
To'tal Ma r terporater.,-

Fnfn., fiuel ,iqed (totaltizer)
AP' f,iel i,-'d (totalizer)
?allaqt cart position

Time rofei dii pl.ty

Fvpnt swi• th

Pi-ital (PCM) Pata Parameters

*.%i r-peei (-hIp)

Airpee-44 (honri)
Irtllde (boom)

*S)htp's svqtem/Inot calibrated

.~eng2 nos

20



AIrtf riide (r'id~r)

rm , i i if r t emp,lp. r;t t oi

Pot or "pI'Ied

Turhini' ,vs temperarmirr- (T 4 . 5 )**
Fn~fne rns. %r.'flerator qpeerl**
V ~nff ne' pow(,r ttirf ne' qpeod**

Pn - n- ftii* flo1 w**

7ýns'i nt' fuiel 1pq('d**

M iF ri rotor shqft tor'lie
"a f n rot r s h nft hend Ing
"'.1 I r otr r shaft torotivt

T,1 1 rotor imvfr.'%s p1 1ch

liI I .v t ,.i r t P ,- I r ittn
C n I ro I pi)- J t f 7I

I.rinp'itidi n:

I irori I

Sif Iii. ,,moin'!1.tIit~l -,v- .v.t m ;Irttiit or oiut poit pon, it ons~

11 r;i1

Tfre, ion, 1

Aii'1u' of ; i rI Jp
~ur ra f t a ttirue

Ptti'b
Poll

Ai ru'raft -Isoiýil ir t-AtO

r r Pir ' i

f~sr ,s *r-I v'i tv I-I* If: n' rrn I
*r of 'r;i',i t VIl i'yrI d I n

o-, f Tiv

21



APPENDIX D. TEST TECHNIQUES AND DATA
ANALYSIS METHODS

AIRrRAF'T WEH('qT AND BALANrF

1. The aircrart was weighed in the test configurition with full
ni I and al I fuel 41rained prior to the start of the pronram.
The InItill weight of the aircraft was 14,79() pounds with the
lonnsifudinal center of pravity (cg) located at fuselage station
'F.•) l;Q.S with the ep of the empty balla.st cart located at
F.• 1. The f1iol Vel IS. an external sight gapes were call hratelI

nif ;i provio)on ovalooit ion. The measured fuel caparI tv us I n tlne
gr:.v I tv fuel i ni' method was 364 ga Ilons . The fuel w.oifht for

,...vh test flilght was determined prior to engine start and after
•l.nfint. -hutdovn hy ulng, the external sight gage to determine

the# fuel volume, and measuring It's specific gravity. Aircraft
v' was controlled hy a moveable ballast syste- v•ich was manually

pogitioned to mainta.in a constant cg whil, Iluel was burned.
Thv. moveahl(., 11llast system was a cart (2n001 poind capacity)
"itrarlied t, the cabin floor by rail- and driven hv an electric

-**r(-w jakk wirh a rotal longitudinal travel of V.3 inches.

I'FRFORM ANC

(,e-ert I

,ýJltiropter performance was generalized through the use of

,aondien.ional coefficient-, as follows using the 196R 11S standard
Atmo,;phere:

1. Coeffjicint of Pnowr (Cp):

Slim (-,50)
('p = _. . . .. (!)

PA( •R) 3

1. Coeff -lient .f Thrust (rT)

;GW + CAB.LI rFNSfN
r.r = - -.... . .. . .. . . . (2 )

pA(QR)2

VT (1I.6878)
2(3)

•2



'e re :

qlIP Fn~~ne otitpoit shaft horsepower (total tor hoth engines)

o Ambient air density (h-.qec 2/ft4)

A - ??AIr rotor Jfsi' area - 7262 ft2

- Kifti roror atwIitlar v('1ncity (radianafs~e)

RP Main rotor radlt1is =26.833 ft

(W - (ronsq weight (M1-

Cah1.- ror,'I )n T~omion of tether bover cahie, (Ih)

V F
VT=Trie -'i rspev-4 (kt )=

I .6 A7.9Vp/

I 67 onvt-r.;Ton fac'tor (ft/qec-kt)

o ri~flr237611 (1lh-sec
2 /ft 4

V. Faoulv.nl~nr afrspeed (ft/svc)

V~. 2ni2- Cnver~ ori factor (1 h/ft 2-tn.-I4g )

0 11,rinif iPr'o'ore (i n.-JIPO'

711.Aihfonri air twrosstire- (in.-TlI)O

At the nor-nal iperarinr rotor speed of 25.( 0If(7), the fol-
o' 1 it, cr)7stant .; may he tised to c-al culate rp Ind rT:

7P=7?4.6P5

1. mle i-t~i ne oi t ipil -hlFt tor'-ime was deot ineil np lv mse of the
I i triee~rior.The power tuerhi ne shaft cont i ns, i torqoe

23



s-lnqor tohe that measires the total twist of the shaft. A con-
celntric reference sh-ift is sec,,red by a pin at the front end of
r Iv power turbine drive shaft and is free to rotate relative to
the power turhine drive shaft at the rear end. The relative
r-.,ar•or' 1h.' to transmitted rornue, and the r.-ulting phase
an gle hetween the reference teeth on the two shafts is picked uP
hv the toraqe sen.or. This torque sensor was calthrated in a
test cell by the engine manufacturer. The output from the engine
rorrue sensor was recorded on the on-board data recording system.
The output SliP was determined from the engine's outptut shaft
torque and rotational speed by the following equation.

O(Np)
S111, (4)

9292.1I13

0r 9ng2ne outp2 t shaft torque (ft-nh)

NpI Fsi n,' ooutpt shaft rotational speed (rpm)

S.".9Il. = Conversion fartor (ft-lh-rev/tYin-SIIP)

The onutput SlIP required wa. asssumed to Include 13 horsepower for
4;ivllght operations of the aircraft electrical sqstFm, but was
corrected for the effects of test instrumentation installation.
-( rww(-r loss of I1.? horsepower was determined for electrical
opvratinn of the Ins[ rumentation.

qh.ft lorsep.ower Available

4. Shaft horsepower available for the T700-CF-7n0 engine" Instal-
igi In the 1I1I-6OA was obtained from data received from Aviation
:vv'•ftms . .ormnd a nn(l pre.onte-d in ITSAAFFA Report No. 77-17
(ref 5, app A). This data was calculated iusii,u thi- (Cnera I
Fltectric englInv de-k nuinber R0024, datod 26 February 1Q81 with

i power ttrhiii shtft speed Mt 20.,qfl)0 rpm. Tho Inl :11 ];it I io
S,1'.(.s iis;od were- has'd on 0.25 degree C engine n nlet temperature
rise In a hover, exhaust losses as obtained from the Sikorsky
Aiircraft Docliment Number SER-7041I, Revision 2, dated
R ilarch 197Q, inlet ramn pressure recovery as obtained from the
:;i iorskv Prime Item Development Specification, and an inlet
••p+.ratiire rise In forward flight assuming an adlahatic rise
reFerenced to a zero degree rise in a hover.

24 3oct Alfab~c~
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11 If..va- r lit- I orgvndImc' walm ')It ;I I fiid Ihy thle t it hicito Iiivt-'r tec.h-

iibt cig. *Aidli I Uma~ I I ret' I' I I ght hover data wt-rv aceimu I ated t o
ve.ri fy the tethered hover data. AllI hover tests were conducted
in, winds of la.s than 3 knots. Tethered hover consists of re-

j.,Lr~is.ailnjs, the %ctettivoiLet to the ground by a cable in series
with a toad rell. An increase In cable tension, measured by the
It) id rel I * i #-*qiilvaInt to increasing gross weight. Free-flight
lit ter tv-4ts cmisisroff of stabilizing the helicopter at a desired
lit iglit sit-lOg the radar altimeter as a height refereiwe. All
lit /ering ufata were redlisced to nondimenslonal parameters of Cp
MII (:r --t'litarionq I and 2, respectively. Adjustments In
i:F f.r cl~nc~in udc'nsftIy itt tiade as presented in reference 5,

,i- w.* wri- rents rod for dl rwns tonal comparisons.

1:1 Fl,!(;llT PI- HEOPMANCE

I* itc ý wi- I powe r f ltoin in ha I I cenrte red f li ght by refer. n4,41
. 'I e .v ifr.i if Ilateral I cci' I ercmet er at a p rede te~rmi ntd rCr "'nf

I IItr f' F- rsit or ~po -e ( N I?/ I' '. To maintain the ratito of gross
is, i ,' r. p re-,;i rt* rat Ilo (W/ 6) con t ant , ;i t ittidel was Ioc rea~qed

U., 1I `4;ii4rdl iO, To maintai n NR/ v'T consqtant *rotor speed
wiv; it.. r-'is. tvmperatiire deervastd.

OAT + 273.15
"-impe.r tiire rat to = 28R.15

j IA'! Amnll-it ai r temperitture ('C)

Nt' litci 'otorsi-ed ( rev/imuin)

I.4 ir' ral ;o

ii. -Il

.. II 'i VI va l**n flIat p 10ate ;lr''a werv 14 dt Ormj nf-d I rointh
I I ,Pw ;I , "iI. i'i l i fr)t.

V:1 2A
Al ( r0)



offects it F t~ trna I instrumental: ion drag were determi nod bv
.. .. 1fllowl fig 0qoition, where the AFe was Pstimated to he

AFe (P/Po)(V 3 -

e 0 T(6)
'q' 1P In tr ,ra y = - . . .... (6)

96254

-lh, re:

h."(4 :Convorrloni Factor (ft 2 -kt 3 /,HP)

Poirv riuiired for level flight at the test day conditions was
l', h i d . :iis i- the ')llowing. equation.

.gllpt ý SHPI - ASIIF'in.tr ulrag - I. 2 (7)

7. "e•t-dav ( mnsi r-d) level fIlpht data wa- corrected to
.r. t o 'r- :ti.• conditions hy the follnwing erIoationg.

6-]S r

.I' P S i P t I 1 - ---- -- -

,,'-, t -Av g ti 3 " "ay

N

t!

g~h• I j[ I . 1 ,,- t d;•

5.t~ trllL : Av.., >,ri!t roit day

L ~20



~~~~~~~~ -... .. . ... - -... . . - -. . . . . . . . . . . . . . . . . .- -"-.

H . The sp 'i-i I i c rai ' ,ye (SR ) dataa were de ri ved Ifro• , the tost l 1tvfi,
f I ,ghr power reqiiired and fiet flow (WF ). Sii&ected level flight

t

p,.rformance SH P and fueI f ow data for each engione wer" referred
as Follows.

p 'I (II

i eFit w;M stil..ea.ently applied to Olis referred data and
w.is i•erd as tho basis to correct WF to standard day fuel flow

t

4 -,I1 )
-IF. " = I •'"( 

2
I •-ih.,11 re :- 

"-

- Chan),,!, In foue flow between SHPt and S.HP.

The fnllrow•g equatlion was used For determination of specific

S( 13). ..

I,?

.F. -

C!

27".
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APPENDIX E. TEST DATA

TNDEX

Figure Figure No.

Nondlmensional Povcr Performance

OCE 2
Level Flight Performance

Normal Utility Configuration 3 through 5
ESSS Fixed Provision Fairings Configuration 6 through P

.10

-.- . -.--. ... ,.-.,-- .. ~- - --... . . . .



m TI .E .m F :FARINS 70 W.:P.

0 TZTHERE tSMPPFAIDM8 3346 2.0.1.

m -039k-lM ý 25t. ..

y 1t*M Nuim urutIfy a 21) is.
V TTMR . mmcaM ?..U-43W-- 244..

ep, 4 14~& .B4 1
c 'FS P: FAIknNGg IO fit.UATEON m)

ROM. USA. REOT O 7-7

NOTE. I WHEL MGHTMEASREDFRM OTTM OFLJT MATWHE

2. 'ICA DITNE BOTMO,,X HE

TOCNE FMI OO L 2fE

49-

3. ~ ~ WMVEE- LES THAN KNOT

CFI3 EIVDFO SAEARPRTN.7-7

do1; le

THRUST Omp-PICIENT X104
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I A1?0AF~T p~G(.t12rTj.O}i.NOAL 4MITTTY

AV~ AVG AVG

;j" =44L PICXENT
1t*1F4,i#+U) -OA 1 T10M I1 S4ee

I * 'Ei~AU~~TE~FUm
_ _ .1* :

I * IS

Ei ..... L--.*-. I rI ~

38

- - - - - - - - -

- . 0

L N"e - -.

8e0 60 8 S . -0 10 S

TRUE AIRSPEED (KNOTS)
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FXGURE 4
LEVEL FLIGHT PERFORMANCE

.7 Li-UH-A USA :9/N 77-227m-

- AIRCRAFT CONFIGLATIGN tNO1AL UTrILITM

AVG . AVG G AVG AV. AVG

I --THUS

A-LCTMTON DE4STTY AVG rcFFEqcED -Th IST

TE~tr ALTITUD)E OAT ROTOR 4*EEb COEFICItENT

-a.1( 
) CRPM. 

.

16, 9216 347.I1CFVI)) 0. 1 LT 11,510 14.5 268:.2 0.0080020

gNOTE: BALL-CENTERED PL-IGHT

0
0

e. a

EPC.T NO. 81-15

12010

40 10 1 T 140 ISO IS,.
TRUE AIRSFPED CKN',OTS)
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I.4ý Uý !j.~ /KI -

-AlR!CRAFt cONFTG.RAT2?'I NORMAL- kLrrLZTYr---
AV Y GAGAVG AVGG

Lp~~i~r pAqN tfI VG -TRLS
CLB)~~~- mA A.TTllocb T

WEIG1t t-OW. I UVýXe~T ALT±Ueie

2 ...- ~...-L . OTt BAL-L-GCNTERED CLIJ3HT

Oc~ QO'00-

0 ki 0.

c] p -.

Eke

406 01 b, 101h 8



LEVEL. FLZGHT PE*lM1NK

I. - - AtP=Aýr IýCllRATI[I:. ESSS F.. P. FA~TIZINW--

ýAVG; AVG ý AVG A AVG

WCZT ]gK l LOX TXTUDE OAT IRUC OR E COF CIENT

10, 100 341. O(I'WD)) 0. 1 LT 7510 20-0. .2812 .0 7MB

NOTE. ALtO M 01-D3LX T

* 001

SIDEBL-U) AND BASaLI3E FAMRINrM CI2AS-E L.JNE)

'-~2 ~DERIVED FROMI USAAEFA REPCZRT NO. :8I-1b6

-4e

FATRINGDEID FROM L3AEýEINE
S WrT*H 2. 5 FT 2 A FE. MAOiiORThiD

TRUE AIRSPEED CKMJTS)
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, . . :F GURL 7
I LEVEL FLIGHT PERFORMANC¢ -

`U1J-F5A VSA 3/N 777-227M6

•..ARCRAFT CONF-GURATIONi ESSS F. P. F4IA•R S ......

AVG VG CG AVG A G AVL -CAT•ION 'DENSITY --AVG J'KF-------
WEIGHT LONG • LT ALTITUDE OAT RC)TOR SPEEd) COEFFI 1. "

C. .. (F . (SL) CPT) (DEGC.) 0R•,)I -- __-
w .16,20 341, 2(FWD) 0.1 LT 10,95e 13.- 2 .

L . NOTE: ALL-CENTRED FL T i .
0.21 .-

L_ -A
'L "I ' I~

00b -30 (-

t,

I <

LuL

SIDEScLIP AND. BASEL11NE FAIRINGS MDASHED LINE) .
S~~~DERIVED FROM USAAEFA REPORT NO. 61-16 ., ...

01

FAIRING DLRIVED FROM BASELINE
lIk3u - WITH 2,5 FT 2 AFE INCORPORA-FED

C'T , /

_10 Q.. .. 1 0 ;1 .-- 1 11R.) AlYSPE'r
II g f . . . . . . .. . . . . . .. . .. -

ri ~ f {-7Ig ~ }1~
l fRU A ]oSF'I ([J ,fT0 S

]',



F'IGUR 8
LEVEL FLIGHT PE"O)ANC
.... . .ISA SN 77-2:278 f 8

AIRCRAFT CONFIGU.ATION: FSSS E. P. FA.RI:NSS

AV4 . AVG I13 AVG AVG AVG
--t-OMATIt'J D"EJSIY AVG ~ft"I ThIt.JST

LAT ALTITUDE OAT ROTOR SPE COEFFICIENT
CW3) -(.ES) CE_) C.-) .. DEG C.) CIRE, -.-..

'i. 12 347.2(FWD) 0.I LT 13,8S0 8.0 258.1 G.•.0.0

NOTE: SALL-CNTERED FLIGHT9 .2 . . .... ...... 0•
I• 0 0 o

quo
03

,.- eI "30

a)g . 20

~~ee

.. . - _-0

SIDES.• IP AND BASS FAIF N.S MDASHED LI_.E)
DERIVED FROM USAAEFA REPoRr NO. 81-16

*2401FJ! /
FAIRING DERIVED FROM BASELMIE

la -• WI•TH 2.5 F'T2AI=FE IJNCM ;POATED 7/

~1200

TRUE AIRSPEED (KNOTS)
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