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DEPARTMENT OF THE ARNY
HEADQUARTERS, US ARMY AVIATION SYSTEMS COMMAND

4200 GOODFELLOW BOULEVARD, ST, LOUIS, MO 83120 -1798

REPLY YO
ATTENTION OF

AMSAV-E

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

SEL DISTRIBUTION

1. 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 falrings and hover performance with the ESSS fixed provision fairings
installed. 1In August 1977, USAAFFA conducted an Airworthiness and Flight
Characterlstics (A&FC) evaluation of the normal utility configured UH-CUA 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 perforuwance tests of the UH-60A A&FC and
ESSS ASFC 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 percenc of gross
welght in ground effect (HIGE) was shown. This appeared to be excessive and it
was decided to coonduct 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 herein show penalties of 0.5 percent
of design gross weight HIGE, 2.7 percent of design gross weight HOGE and 2.5 ft2
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 test coanditfons wecre
comparable (density altitude, temperature and rotor tip speed) for both con-
figurations, ESSS fixed provisions on and off. There 1s very little scatter in
the data, but there 1s a distinct difference between the data of the two con-
figuratlons. However, these data differ significantly with the penalties pre-
dicted by the_contractor's analysis of O percent deeign gross weight HIGE and
HOGE and 1 ft2 equivalent flat plate drag area in forwsrd flight.




. AMSAV=E
-z SCKJECT: Directorate for Engineering Position on the Final Report of USAAEFA

;‘ Project 82-15-1, UH-60A External Stores Support System Fixed Provision
Fairings Drag Determination

3. This Directorate agrees with the report conclusions and recommendations,
except that the UH-60A operator's manual should not be updated until completfion
. of the ALFC evaluation of the sixth year production UH-60A (AEFA Project No.
n 83~25). The A&FC of the sixth year UH-6CA will strengthen the Aata base of per-
formance measurements with ESSS fixed provisions on and off and clear up some
anomalies in flight performance data (non-dimensional hover performence

variation with density altitude and inflection points on advancing tip Mach
number trends).

[ FOR ‘M1 OOMMANDER:

rt_‘ OR

: /5 D E. GORMONT

‘. Acting Director of Engineering
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INTRODUCTICN

RACKCROIND

1. The US Army has 3tated a requlrement tor self deployment
capabtilty for the UH-R0A hellcopler. To satlsfy thls require-
ment, Sikorsky Afrcraft (SA), Divislon of Uafted Technologles,
has deslgned the Fxterunal Stores Suppor. System (FESSS), which
conslsts of alrframe flxed provisions ead 0 external Stores
suhgystem. The external stures subsystem can be removed and the
UH=~60A can be flown In this conflguratlon wich the flxed provislon
falrings Installed.

2. In August 1983 the US Army Aviatlou Toglneering Flight
Actlvisy (USAAEFA) was tasked by the US Army Avlation Systems
Command (ref 1, app A) to evaluate alrcraft performance with
the flxed provision falriugs.

TFST ORJECTIVES

1. The obiectives of this test were to determine the Increased
drapg due to the Flxed proviston falrings and to obtaln bhover
performance data with fixed provisfon falrings Installed.

PESCRIPTION

4, The test helfcopter was a NH-60A, US Army S/N 77-22716, the
third productfon UH-60A., Primary mission gross welght (ref 2,
app AY Is 16,260 pounds and the present maximum alternate gross
welght 1s 20,250 pounds. The UH-60A I8 powered by two General
Flectric T700-GE~700 turboshaft englnes, each rated at 1557 shaft
horsepower (shp) Installed at sea level, standard-dav statlc
conditlons. Installed dvual-engine power 1s transmisslon limited
to 2R2R shp., Tn the ESSS conflguration, the UH-60A Is equipped
with Intepral alrframe flxed provlslons aud a removable external
Stores suahsystem. With the external stoiel subhsystem (wlnps)
removed, a set of acrodynamlc falrlogs (flxed provicglon falrings)
are lustalled. The flxed provision falriags used durlug thls
evalunatlon were handmade and had slgniffca.tlv smoother surface
texture and slight shape diffetrences whenr ..cmpared to the 6th
vear production UH-ANA falrings (photos 4 and 5, amp R)., A
rore detatled description of the UH-A0A apd une flixed provision
falrlngs 1s tacluded In appendix R,



5. The flight testing was performed at Fdwards Air Force Base,
California (2302 feet). A total of eight flights were conducted
hetween 30 August and 22 September 1983 for a total of i15.6 flight
test hours of which 10.0 were productive flight hours. [SAAFFA
calihrated 'and maintafined the test instrumentation and performed
all required maintenance on the heiilcopter. Personnel from SA
installed the tested fixed provision falrings. Flight restric-
tions and operating limitations obhserved during the test are
contafned in the operator's manual (ref 3, app A). Testing was
conducted 1n accordance with the test plan (ref 4, app A) at
the conditions shown in tahbhle 1.

Tahle 1. Test Condixionsl

Gross |Longitudinal|Density Referred Trim
Weight{ Center of Altitude|Rotor Speed|Airspeed
Tvpe (1n) Gravity (ft) (RPM) (KTAS)
I (FS)
S U S (N AR —
14,900 3280 242
Hover to 353 (MID) to to 0
23,2002 3780 261 |
[ M SNSRI RS A i
i B T I
14,500 7510 45
Level Tlight to 347 (FWD) to 258 to
j}6,200<1“ 13,860 168
I

NOTES:

ITests were conducted at a mid lateral center of gravity (0,1 inch
left) in two configurations: normal utility and ESSS fixed pro-
visfon fatrings. '

?alreraft gross weight plua cable tension

TEST METHODOLOGY

6. A detailed listing of the test instrumentation ts contafned
in appendix C, Fstahlished Fflight test techniaues and data
reduction procedurea were used (ref 5, app A), and are descrihed
in appendix D. The flight test data were ohtained from test
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{instrurentattion displared on the Iinstrument panel and recorded on
magnetic tape installed 1in the alrcrafe. Real time telemetry
monitoring of selected data parameters was used during these
teets,



RESULTS AND DISCUSSION

GENFRAL

7. timited perfarmance tifight testing was conducted on the 1TH-60A
helicopter to determine the comparative performance differences
hetween the normal ntility configuration, as described in UISAAFFA
Report Nn, 77-17 (ref 6, app A), and the FESSS fixed provision
fairings configuration. The f{increase {In equivalent flat plate
arca (Fg) due to tnstallation nf the ESSS fixed provision fairings
was 2.5 feet2. At th= out-of-ground effect (OGF) hover guarantee
conditions of 95 rtercent intermediate rated power (IRP) at
4770 feet pressure altitude (Hp) on a 35°C day, the hover capa-
hility was reduced 46h pounds.

HOVER PFRFORMANCF

R. Hover pertormance tests were conducted at Fdwards AFB, CA
at the conditions and configurations listed in tahle 1. A left
maln wheel hefght of S,3 feet was used for in-ground effect
(IGF) and 100 feet for OGF., The tethered hover method was used
to ohtain the majority of the data with a limitoad amcunt gathered
wsing the free flight hovering method. A cahle tensfometer was
nsed tn measure total thrust less gross welght., Varfations in
the coefficient of thrust (Cy) were attained by varving cahle
tension or rotor speed, Hover test results are presented in
ficures 1 and 2, appnendix E. Test data with the fatrings
fnetalled, compared to the nnarmal utilitv configuration, indicate
an increase 1in power reauired of approximately 1 rpercent to
hover at 5.2 feet and 4 percent to hover O0OCE, VWhen the same
comparison was made during a previous test (ref 7, app A), an
increase in power required of 11 percent (IGE) and 7 percent
(0GE) was noted. This difference between test results for the
same configuration confirms the observation reported In the
srevious test, that the Increase in power reaquired was too great,
Since test results presented in this  report arree with the
Afrworthiness and Flight Characteristics Fvaluatfon 0OGE  test
results in the normal uatility cenfiguration (ref 6), and a hase-
1ine was flown for each wheel bheight, the previous data shonld
be disregarded. The increase in power required, to hover with
the FSSS fixed provision fairings installed as reported herein,
1s representative and shnuld be Jincorporated fn the operator’s
manual,

9. The «tandard dav 0OGF hover cefling at the primarv mission
vross weight of 16,260 pounds using TRP was 11,200 feet (n the
normal utflitv configuration as poblished {n [SAAFFA Report




No, 77-17 (ret 6, app A With the, fatrings instalied there
wias g decrease of 850 feet In the hover ceiline, At 4000 feet
My on a 19°C dav, the maximum pross welght of 17,721 pounds
for OGCF bhover in the normal utility configuration decreased
522 pounds to 17,19% pounds with the ESSS fixed provision
Fairings tnstalled. At the hover performance guarantee condition
A 9% percent TRP at 4700 feet H_ on a 35°C day, the hover
capability was redoced 466 pounds J}nm 16,570 tn 16,104 pounds.
Incorporating  the woelght of the airframe fixed provisions
{13, pounds, tabhle 1, app B) «t!1 reduce the payload by
546 .6 pounds (466 + 130,66 pounds) or the ecquivalent of elimi-
nating two  combat equipped troops and 117 pounds of fuel or
s pment,

LFVEL FIIGHT PERFORMANCE

1, Yevel fliocht performance tests were conducted at the condi-
viang Miasted in o rable 1 to determine power required and fuel
ftow 4t varions airspeeds. The method vused maintained the ratio
of yrouss wefghbt  to pressure altitade ratio (W/8) and referred
rotor spoed (rario of rotor speed to ambhient temperature ratio)
(/Y constant resnlted in a  constant Cp. This was accomp-
lished hv increasfny altftude as fuel was consumed and adjusting
rotor speed for changes in ambient temperature, Fach test was
flown In ball-centered flight hy refurence to a calibrated
Iateral accelerometer, level flight test results {n the normal
ntility conflguration are presented {in flgures 1 through 5,
appendix E, and with th FSS8S fixed provision fairings fastalled
fn figures A through 8, The baseline power required and inherent
sideslip carves shown in these flgures were derived from USAATFA
¥inal Report MNn, 21-16 (ref 8, app A). With the ESSS fixed
provision fafrings 1installed on the 1H-60A thelicopter, F,
increased 2.5 feet? which reduces the level flight atrspeed
bv 2 kpots at maximum continuous power.




CONCLUSIONS

r
! e Rased on this Hmefted evaluation, i{nstatlation of the FHESSS
o - s S Uxed proviston falrings on the 1H-60A hel{copter resultad in the

taollowing canclusions:

- A. Power required to hover was {increased compared to test
. ~results of the normal utility configured UH-60A (para 8).

bh. Power required to hover was decreased compared to previous
test results of an FSSS fixed provision fairings conflgured UH=A0A
{(para RY,

- ¢o Nrayr {0 level flight increased by 2.5 fect? of cquivalent
[n flat plate area (para_ 10). )
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RECOMMENDATIONS

l 17, The following recommendations are made:

s A, The hover performance data obtafned during USAAFFA Project
No, 82-15, dated December 1983, should be disregarded (para R).

h. The increase 1in power required with the FS$3S fixed
I - - provision shoald be {ncorporated 1in the operator’'s manual
{para 8), : : :
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APPENDIX B.AIRCRAFT DESCRIPTION

GENERAL

1. The Sikorsky UH-60A (Black Hawk) is a twin turbine engire,
single-main-rotor helicopter capable of transporting |1 combat
troops plus a crew of three., Tt is equipped with 3 nonretract-
able conventional wheel-type landing gear. A movable horizontal
stahilator is located on the lower portion of the tail rotor
pylon, The main and tail rotors are both four-hladed with a
capabllity of manual main rotor blade and tail pylon folding.
The cross-heam tail rotor with composite blades 1is attached to
the right side of the pylon and is canted 20 degrees upward from
the horizontal. A complete description of the aircraft is con-
tained in the operator's manual (ref 3, app A) and the aircraft
seneral information manual (ref 9),

KXTFRNAI, STORES SUPPORT SYSTEM (ESSS) FIXED PROVISION FAIRINGS

Tn the 5S8S configuration, the UH-60A 1is equipped with in-
teyral airframe fixed provisions and a removable external stores
subsystem. With the external stores subsystem removed, a set of
torodynamic  fairings  (fixed provision falrings) (photos 1
through 4)  are installed. The ftixed provision fairings used
during this evalnation were handmade (fiberglass) and when com-
pared -to the Ath vear production UH-60A fairings, significant
surface texturs and slight shape differences were noted. Photo 4
i« a top view side-by-side comparison of both fixed provision
taicings.  Photo 5, a top view of a 6th year production UN-60A
tairing, shows the rough surface texture, Table | is a detailed
weight description of the alrframe t{xed provisions provided bv
t' e Aviation Svstems Command.

AIRSPFEN/STABILATOR MODIFICATIONS

3. The airspeed/stabilator system on the test aircraft included
five moditications from the original production aircratt in an
attempt to eliminate pitch oscillations during takeoff, improve
clish handling aualities, and reduce large position error during
varions atrspeed regimes.,  Three changes were incorporated in
the pitol-static pressure systems and two changes were electrical
citeait modifications to the stabilator amplifiers in the stahil-
Aator svstem,  Major  features of this system are summarized ir
table 2 oand are desceribed in derail in the Preliminarv Airworthi-
wss Evaluation o UH-60A  with  an Improved Altspesd  System
Cror Loy app AY,

g



Photo 1. Fixed Provision Fairings
Looking Aft (Test Aircraft)
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Photo 2. Fixed Provistion Falirings
Looking Forward (Teat Arcraft)
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Photo 3. Fixed Provision Fairings
Left Side -
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Table 2. Airspeed/Stabilator System Configuration
e s
Original Current
| Item Product fon Production
‘e T B
| |
I Stabilator Afrspeed 0.4 sec 3.0 sec
f NDamping (electrical)
I 1
R RREETCRLEET PR *_-_------‘--,--ﬂ-_-m_r-_-m-----_---,-------‘
I Pitot=-Tube Orientatfon Stralght Rolled 20 deg outhnard -
3 depg down
e e e m e B U f-. —
Stahilator Provram -— Collective gain
reduced
e e e e e e e e e e
Ai¢tspeed Tndicator 0.0 sec 0.4 sec
Pamping
......... B T T I L LR
Vertical Speed Tadicator Pitot Tubes Cabin -
Static Source Location

16



FNUINES
N
Flectrie T700-0F -1
15597 shaft

(vra level,

standard dav

rarelles on either side of the maln transmission.

has four modoles: cold
soection, 1ICCOSSOTy
avial-centrifural flow

Lwer wtape  air-cooled

and

section,
compreéssor,
high

T P

The primarv power plants for the U -6DA helicopter are Coneral
front
horsepower (shp) ot a power turhine

rated at
20,900 rpm
mounted in

Fach englne
power turhine
features 1include an
through-flow rnmhusthr, a
fas generator Lurhine, a

drive turboashafr enyines,
spproed
engines are

inatalled). The

section, hot section,
Des{gn
a
ressure

twasstae unnled power turlfihe, and self contaloed lubhrication

e olocrtrical svstems,
“ade )
Tvpe

Pated power

Pertinent engine data are shown bhelow,

T700-GE=-700

Turboshaft .
1593 shp installed at sea level,
standard-dav static conditions
at ?0‘000 rpm

Cnnpressor Five axial <taves, 1 centrifugal
stagpe
Shmhist fon ehambeg Single annnlar chamher with axial
Mlow
s et ator SEoagos 2
Power tarhine staves 4 2
Sirecriorn of engine
rotstion (afr lookine fwd) Clockwise
Votsrhe (drv) 415 pounds max
Loengt 47 in.
Maximum Aiameter ! 25 in,
Fuel | MIL-T-SA24 grade 1P-4 or IP-5
RAQTC ATPCRAFT INFORMATION
Y, feneral dara of  the TH-A0A  helicopter are as  follows:
trogs Weigher
Mavimum altornate grose welght 20 250 pounds

wodely

Primary Miagian

AT ,

AP

Vross

|
Apnrogimately 100 A noands
b

sej bt TA,260 poundyg

WA ra) Yons

o«

oot Lyoi!

-5

zblg

a7y,
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Main fotor
Number of hladey
Niameter
Rlade chor!!
élﬂdn twist
Rlade tip sweep
Rlade area (one Wlade)

Afrfoll section froot to *rip) designation
thickness (percent chord)

Main totor mast tilt (forward)
Tail Rotor

Number of hlades

Diameter

Rlade chord

ade twist (equivalent linear)

andﬂ area (one ﬁlado)

Afrfoil sectton (root tn tip destgnation)
thickness (percent chord)

Cant angle

4
Silft, | in,
1.73/1.75 ft
-18 deg (equivalent)
20 deg aft
46,7 sa ft

SC1N95/SC1095R8
9.5 percent

3 deg -

4
11 ft
0.81 ft
-18 deg
4.46 sa ft

SC1N95/SCINISRA
2.5 percent

20 deg



tear Ratios

Mafn Transmission  Taput RPM - Output R™M  Fatio  (Teeth)
Taput hevel 20,90n,0 3747.5 1.0364 {(80/22)
Mafn heeod D747 .5 1706 .1 A.T647 (R1/17)
PYanetary 1206 .3 257 .9 b.h77a (228 + 62)

i b
Tatl raleoff 120A.73 4115,5 Nn,291} (34/116)

Accessory hevod -
{wenorator) 5747.5 11,805,7 0,4868 (37/76>

Aceessory spur
(hvdran'ies) 11 ,R0S.,7 T18F,1 1.h4729 (92/%6)‘

fnlgrryytjnry

Gearhbny 4115.5 3118.9 1.2400 (31729

Tail Cearkox - 331R.0 1189.8 2.7895 (53/19)

Ouerall

'nirine tn

main rotor 20,900 .6 757.9 21.0419

Fraorine to

tall rotor 200,900 .0 ; 1189 .8 17.5658

Tail rotor to

matn rotor 1180 .8 157.9 14016
19
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APPENDIX C. INSTRUMENTATION

I, The test instrumentation was installed, calibrated and main-
t2ined hv the IS Army Aviation Fngineering Flight Activity
personnel, A test hoom with a swiveling pitot-static tube and
anrle of attack and sideslip vanes, was installed ar the nose of
the afrcraft.  The data acauisitinn system utilized pulse code
modulation encoding on magnetic tape onhoard the afreraft, and
to the yround for real time monf{toring through telemetry trans-
mfssfon, DNata was displaved or recorded as {ndicated below,

Pilot Station

A rspeed ( haom)
Alticude (hoom)
Al*frude (radar-doal range)*
Rate of climh*
Rotor speed (sensitive)
Fngine torauek **
Turhine gas temperature (T, g)**
Fngine gas generator speed**
Control positions
Longitudinal
Lateral
Pedal
Collective
Rtahilator position*
Angle of sideslip
Sensitive bhank angle (center of g¢ravitv lateral acceleration)

Conflnt/Fngineer Station

Afrspeed (ship's svstem)
Al*titnde (ship's svstem)
Rotor speed*

Fnuine torauek* *#%

Tatal alr temperatuare
Fntina fuel used (totalizer)
APY fnel nsed (totalizer)
Rallast cart position
Time code display

Rua numher

FYvent switeh

Digital (PCM) Data Parameters

Airspeed (ship)
Alrspeed (hoon)
Alritude (boom)

*Ship's svstem/not calibrated
“tRoath engines

20
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A'titude (ship)
Altftude (radar)
Tortal air temperatare
Pator apeed
Fnrine torauet*
Turhine as temperataure (T4 5)**
Fngine gas generator speed*#
Fnei{ne pover turbhine speed**
Fnafne fuel flowk*
Pngine fuel used**
Yafn rotor shaft toraque
Maln roter shaft bhending
Tail rotor shaft toraue
Tail rotor {mpress pitceh
Stakilator position
Raltast cart posftion
Comtroal positions
Loangitudinal
Tateral
Podal
Colloet{ive
Stahility guymentat fon svstem actuator ontput positions
Aonvitadinal
Lateral
Mrecrional
Anitle af attack
Anmle of sideslip
Afreraft actirude
Pitsh
Poll
Yaw
Alreraft anyular rate
Pitch
Pall
Vo
Visear qeceloratian
Conter ol orravity normal
Coenter of sravity Tateral
“enater of sravite longitudinal
Tiee of dav
" poamher

Ct

X*00th engrines



APPENDIX D. TEST TECHNIQUES AND DATA
ANALYSIS METHODS

ATRCRAFT WEICHT AND BALANCE

1. The afrcraft was welghed in the test configuration with full
nit and all fuel Jdrained prior to the start of the program,
The Inftial welght of the afrcraft was 14,750 pounds with the
longitudinal center of gravity (cg) located at fuselage station
1FS) 159,59 with the cpf of the empty ballast cart Incated at
FE 301, The fuel cells and external sight gages were callhrated
an a previons cvalnation. The measured fuel capacity using the
gravity fueling method was 364 gallons., The fuel wofpht Ffor
vach test flight was determined prior to engine start and after
‘enzine shutdown hy using the external sight gage to determine
the Fuel wvolume and measuring {t's specific gravity. Alrcraft
g was contrnlled by a moveahle ballast syster vhich was manually
positioned to maintatn a constant cg while tuel was hurned.
The moveahlc ballast system was a cart (2000 pound capacity)
1ttached to the cabin floor by rafls and driven bv an electric
scerew jack with a total longitudinal trave! of 72.3 inches.

PERFORMANGE

?e Helicopter performance was generalized through the use of
nondimenzional coefficifents as follows using the 1968 IS Standard
Atmosphere:

1. Coeffictent of Power (Cp):

SHP (550)
Cp = L (n
pACQRR)3
he . Coneffi-ient of Thrust (0p):

GW + CARLF TENSTON

Cr = B (2)
pA(R) 2
~« Advanca Ratin (1):
Vp (1.687R)
o= ()

22



Vhere:

SHP = Fngine output shaft horsepower (total for bhoth engines)

)

o = Ambient air density (1b-sec2/ft)

A Maln rotor disc area = 2262 ft2

i

]

Matn roror anmilar velocity (radians/sec)

R Main rotor radius = 26,833 f¢t

o

GW = Cross welght (1H)
Cable Tonsim = Tensinn of tether hover cahle (1b)

Vy:
Vp = True airspeed (kt) =

16878707 og
1.687% = Conversion factor (ft/sec—kt)
A= 0,00237R9 (1h-sec2/ft?)

¥ = Fanivalent airspeed (ft/sec) =

TN, 7267 Ph\ e 2/7 1/2
+ 1 -1

u Pil
[N 7262 = Conversion factor (]h/ftz—in.—Hg)

= Nwnamic pressure (fn.-He)

ry = Amhient afr vressure (in.-Hg)

At the normal operating rotor speed of 257,9 (1007), the fol-
towing constants mav be used to calenlate Cp and Cp:

.

® = 724 ,6R5
(Y2 = 525 168,15
YYo= 380 5R1,411.2

Fhe vnuine ontput shaft toraue was determined hvy use of the

eorfne torane sensor, The power turbine shaft contains a torque

23
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sunsor tube that measares the total twist of the shaft., A con-
cqntrlc raference shaft is securzd by a pin at the front end of
the power turhine drive shaft and {s free to rotate relative to
the power turhine drive shaft at the rear end. The relative
racatfon 12 Jlus to transmitted roraue, and the resulting phase
angle hetween the reference teeth on the two shafts is picked up
hv the toraune sensor. This toraue sensor was calihrated in a
test cell by the engine manufacturer, The output from the engine
roraue sensor was recorded on the on-hoard data recording system.
The output SHP was determined from the engine's output shaft
taoraue and rotational speed hy the following equation.

SHP = (%)

5252.113
Where:
0 = Fngine output shaft torque (ft-1h)
Np = Engine output shaft rotational speed (rpm)
5252,113 = Converslion Factor (ft-1lh-rev/min-SUP)

The output SHP required was assumed to include 13 horsepower for
dAavlight operations of the atrcraft electrical svstem, but was
corrected for the effects of test 1instrumentatf{on {nstallatfon.
A nower loss of 1.R? horsepower was determined for electrical
operatfon of the instrumentation.

Shaft Horsepower Availahle

4. Shaft horsepower availahle for the T700-GF-700 engine fnstal-
¢! in the MI-ANA was obtalined from data recefved from Aviation
Rvatems  Cormand  and  presented  in ISAAFFA  Report Ne.o 77-17
(ref 5, app A). This data was calculated using the General
Flectrie engine deck numher 80024, dated 26 Febhruary 1981 with
y power turhine  shatt speed of 20,900 rpm, The dnstallation
tesses used weres hased on 0,25 degree € engine inlet temperature
rise tn a honver, exhaust losses as obtained from the Sikorsky
aireraft Nocnment Number SER-70410, Revision 2, dated
8 Yarch 1979, {inlet ram pressure recovery as obtalned from the
Sitorsky Prime Ttem Development Specification, and an 1inlet
tcmperature rise in forward flight assuming an adiabatic rise
referenced to a zero degree rise in a hover.

»  3ost Avaiigble Co

b

i

1

54
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Hover Pocformance

e Hover petlormance was obtained by the tcethered hover tech-
nique,  Additional free flight hover data were acceumulated to
verify the tethered hover data. All hover tests were conducted
in winds of less than 3 knots., Tethered hover consists of re-
~tralaing the lelicopiler to the grouna by a cahle in sertes
with a Inad cell., An increase 1in cable tension, measured by the
toad cell, is equivalent to increasing gross weight, Free-flight
W rer tests consisted of stabhilizing the helicopter at a desired
height using the radar altimeter as a helght reference, All
hi vering data were reduced to nondimensional parameters of Cp
and Cp o using oquations 1 and 2, respectively. Adjustments in
Op For changes o densfty altitude as presented in reference 5,
A A, were reaunired for dimensional comparisons,

TOFD FLIGUT PERFOPMANCE
v Faeh speed power 418 tlown in ball centered flight by refer. nee
‘o a calibrated lateral accelerometer at a predetermined Cp and
eterred rotor speed (NR//%. To maintain the ratio of  gross

we bght ot pressare ratfo (W/E) constant, altitude was increased

v inel was consumed.  To maintafin NR/Y0 constant, rotor speed
wias decreased as temperature decreased.

Whero:

OAT + 273.15

1= Temperature ratio = 288,15
DAT = Anhi-nt air temperature (°C)

‘e Madn rotor speed {rev/min)

L= Yressure ratio =

L LN RIS A

fhances oo vauivalent flat plate area were determined trom the
foltaowin: vanat inn,

ACp 2A
Ak
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ey of fects of external instrumentatfon dray were determined hy

= shn fnllowing equation, where the AF, was estimated to bhe

A3 e,

AF (p/po)(vT3)

- 1] e
SUP s dray =_4“_,‘,56555-A___ (6)

Aere:

94 = Converslon factor (ftz-ktB/SHP)

Powerv recalred for level flight at the test day conditions was
deiormined nsine the Tollowing equatlon,

SHP e = SHP = ASHP pger deap — 1.R2 (7)

-

7. Test-dav (measured) level flight data was corrected to
arcorape test dav conditions hy the following equations,

SHP . = SHP,

(85.78.) (R)

\"-l- = \"]' ’- - (9
N

Vheore:
Suhsoript 1 - Test dav

Suhseript & @ Averdage test dav
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j 3. The specitic range (SR) data were derived froa the test level
: flight power required and fuel flow (Wp ). Selected level flight
- P — == t —
performance SH? and fuel flow data for each engine were referred
. as follows.
I Qup, : :
d . S“"RFF - o (10)
N . . ) 560.5
g
F Ve = t (1)
F ] REF T 7777
§¥0.995
A carve it was subseaquently applied to this referred data and
was userd as the basis to correct Wp to standard day fuel flow
t
L] vwzing the fallowing eaquation,
\\'p = '.‘-'l.‘ + .‘x\‘": (l?)

z Vihere s

Mg = Chanyes in fuel flow between SHP, and SHP

The followlng wcauvation was used for determination of specific
- rAanys,

. spo= S (@ED)

‘a”

Oy e SAraratid BRI WA R AL NARON

AT Y
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APPENDIX E. TEST DATA

TNDEX

Figure

Nondimengfonal Hover Performance
ICE
OGE
Level Flight Performance
Normal Utility Configuration
ESSS Fixed Provision Fairings Configuration
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ENGINE POWER COEFFICYENT X108

qrd>oPBDDE

$

40 -

- al K Cp = 5.82345E~05 + 1.94893C -8
& CFATRING DERIVED FROM USAAEFA REPORT NO. 77-17)

NOTES: |. WHEEL HEIGHT MEASURED FROM BOTTOM OF LEFT MAIN WHMEEL
2. VERTICAL DISTANCE FROM BOTT
TO CENTER OF MAIN ROTOR HUB = {2 FEEY

3. WINDS LESS THAN 3 KNOTS

50 " 76— 88 o0 109 1le
. THRUSY COEFFICIENT x19* . _
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A6 1513

ENGINE SHAFT HORSEPOWER (SHP>

L

BTN L
| l PERFORMANCE.
“?'—_—:T_Emll 1 %—% §m77‘227re“' e T

:

-~

FEP(RT NO. 81-16

M{/@

T e & bk kT R ik

TRUE AIRSPEED ¢KNQTS2




451513

" ENGINE SHAFT HORSEPOMER (SHPD
|

FITGLRE 4
U+-60A USA SN 77-22716

_AIRCRAFT CONFIGLRATION: NORMAL UTILTTY

) AVG . AVG CG AVG ) : AVG AVG
o m - OCATTON DENSITY ~  AVG © REFFERRED ~ THRUST
LONG T ALTITWOE PAT - ROTOR SPEEb CCEFICIENT
. LFSY > . CFT OEG.CY.  CRPMY. .
Kl 347, 1<pr> 2.1 LT 11,510 14.5 268.2 ' 9.028222

i -3 Eg
Sea..J | o
3 e §

. L
) -

FAIRINGS DERIVED FROM USAAEFA
REPORT NO. 81-16

:

?

:

;

TRUE AIRSPEED CKNOTSD
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SPICIFIC RANGE

e AVG
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46 1513

D | CFIGRE 6 . o
S R ! LEVE_ FLIGHT PERFORMANCE: ;,‘____;
' o ~LerSéA USA S/‘NW-&‘?IE’ ST :

M.;"_,' ATRCRMFT CONFIGURATION: E$SS #.. P. mmms.s

| L .Avc.gg L Ave L L AvB L AvVe
I @ﬁ*d-w DENSITY Y- L THRUST
‘gm- e LAT ALTITUGE DAT  ROTOR BPEED CORFFICTENT

CBLY .. CFT> . (DEG.CY gmm D
16.109 34*7 acm» 2.1 LT TSie 2080 282 . 9.ee7e06

e
®
-

| SIDESLIP AND BASELTIMNE FATRINGS CDASHED LINED
DERIVED FROM USAAEFA REPCRT NO. 81-16

:

I

g g gt b

FATRING DERIVED FROM BASH. INE /o/ - |
WITH 2.5 FT2 AFg INCORPORATED :

L

:
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1
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P . FIGURE 7 e
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o FIGLRE 8 |
e Ur-82A USA SN 77-22718
AIRCRAFT CONFIGLRATION: ESSS F. P. FAIRINGS

46 1513
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! LONG LAT ALTITUDE OAT ROTOR SPEED COEFFICIENT -
CLBY . . CFSY RO <CFT>  CDEG CY .. REMD. . .. L o
16,120 347 2CFWD> @.1 LT 13,8650 6.0 268. 1 . 000006 : =
N . ; R .
5 NOTE: BALL-CENTERED FLIGHT
- 8.2 . , ,
o) o)
o 0 ¢ o)
2d © | -
0.1 @
i ° ,\
by .
0.0 jC 20 .
3 . 3
3 L a .
2600 - - L1g H '
SIDESLIP AND BASELINE FATF TNGS CDASHED LINED
~ DERIVED FROM USAAEFA REPORT NO. 81-18 .
T 2400 - - .
% _
2008 -
2 -
FAIRING DERIVED FROM BASELINE 7 -
% g0 4  WITH 2.5 FT2AFg INCORPORATED 7
o)
o
800 .

49 0 89 100 120 140 160 180

TRUE ATRSPEED (KNOTS>

36




DISTRIBUTION

HDA (DALO-SMM, DALO-AV, DALO-RQ, DAMO-HRS, DAMA-PPM-T, 8
DAMA-RA, DAMA-WSA, DACA-EA}

S Army Materiel Command (AMCDE-SA, AMCQA-E, AMCDE-1, AMCDE-P, 7
AMCQA-SA, AMCSM-WA AMCOA-ST) |

US Army Trafning and Doctrine Command (ATTG-U, ATCD-T,
ATCD-ET, ATCD-B) 4

US Army Aviation Systems Command (AMSAV-ED, AMSAV-EI, 11
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US Army Test and Evaluation Command (DRSTE-CT-A, 2
DRSTE-TO-0)
"% Army Logistics Evaluation Agency (DALO-LEI) 1

'S Army Materiel Systems Analysis Agency (DRXSY-R, DRXSY-MP) 2
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