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Abstract

Flight test measuremants of the performarce of the
UH-60 Black Hawk helicopterwith both standad and
adwarcedrotorsarecompaedwith calculationsobtainel
usingthe compehersive helicoger analysisCAMRAD
II. In gereral, the calculatedpower coeficient shavs
goodagreenentwith the flight testdata. However, the
accuray of thecalculationdegradesat high grossweight
for all of the configuations. The analysisshavs fair
to goodcorrdation for collective andlongitudinal cyclic
anglesand pitch attitude, and poor to fair correlation
for the lateral trim quariities (lateral cyclic angle and
roll attitude). The increasedsolidity of the wide chod
bladeappear$o bea dominantfactorin theperfomance
improvemernt at high grossweight by redwcing blade
loadingandthusdelaying stall.

Notation

Cp power coeficient
Cuw weightcoeficient
D fuselag drag

M Machnumbe

q dynamicpressure
«a angleof attack

g aircrat pitch attitude
W adwanceratio

o solidity

Intr oduction

The ability to accuratly predct the perfamanceof a
helicoger is essentiafor the designof future rotorcraft.
Before predction codescan be successfullyused, it
is necessaryto assesstheir accurag and reliability.
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suchanassessment.

With the completionof recen flight tests,perfomance
and dynamic data are available for the standardUH-
60 blades tested on a UH-60A airframe [1]; the
standardbladeson a UH-60L airframe[2]; andseveral
different versions of the wide chord blades on the
same UH-60L airframe [2]. These extensie flight
test data sets provide a valuable bench mark for the
evaluation of compehensie methals. In this study
perfamance calculatims were carried out using the
analysisCAMRAD Il andtheresultsarecompaedwith
theseUH-60flight testdata.

Flight TestData

Testdatawith the UH-60A standard STD) blades were
obtain@ ona UH-60A airfrane in the NASA/Army UH-
60A Airloads Progam condwcted from August 1993to
Februay 1994[1]. Thetestaircrat, 82-23748§ is a sixth-
year prodiction aircrat. The data obtaina from the
testarestoredin anelectronicdatabaseat NASA Ames
ResearclCenter Thestandardladeis constructd using
atitaniumsparwith afiberglassoutercontou. Theblade
usegwo airfoils, theSC1095andSC1094R8. Thisblade
hasbeenusedontheBlack Hawk over thelast25years.

The wide chod blade (WCB) is a developmen blade
which hasan all compaite graghite/glasstubular spar
The wide chod bladeincorporatesan increasedchod
(10% increaseof solidity), adwarced airfoils (SC21D
and SSCA09), and a swept-tapexd tip with anhedal.
Six configurationsor variantsof the wide chod blade
have beentested: configuations 1, 2, 3, 4, 4A, and
5. The differences betweenthese configuations are
mostly in the mid-spanand leading edgetip weights.
All theresultsshovn herearefor configuation4A. The
standardand wide chord blade planfams are shavn in
Figure 1. The wide chad blade datausedhere were
obtainel from a joint Sikorsky/Army feasibility flight



test program condicted from November 1993 through
October1995 (Appendix B of Ref. 2). Thewide chod
bladeswere testedon an aircrat 84-23953 which is a
UH-60A upgradedto a UH-60L for testpurposes.

CAMRAD Il Modeling

TheUH-60BlackHawk wasmodeledin CAMRAD I [3]

as an aircrat with single main and tail rotors. The
curreri model hasbeenupdated from a previous UH-

60A study[4] usingCAMRAD II. The UH-60A master
inputdatalaseis availableto qudified researchrs.Minor

chan@shave beenmadein chad length quater chord

location c.g. offset,pitch link geoméry andthe detailed
represetation of materialproperties. The SC1095and
SC1094R8 airfoil declks aresameasusedin Ref. 4.

The wide chord blade structurd and aerodyamic
properties were obtaired from Ref. 5. Section lift,
drag, and moment valuesfor the SC2110and SSCA09
airfoils wereobtainedfrom airfoil C81 decls developed
by Sikorsky Aircratft.

The trim solutionusedin CAMRAD |l is basedon the
aircraftgrossweight,c.g.,flight speedrotorrpm, density
and outsideair tempeature and solves for the cortrols

andaircrat attitudegshatbalarcetheforcesandmorments
with zerosideslipangle For the standardbladeon the
UH-60A aircrat, the horizortal stabilatoranglewas set
to matchthe measuredlight testvaluesfrom the UH-

60A Airloads Progran. No equivdent measuremntwas
availablefor the UH-60L testdatasothe stabilatorangle
was set basedon Airloads Progran measuementsat
given C,, and y values. An aerognamic interference
modéd in CAMRAD Il was usedfor the perfomance
calculatiors.  This includes the main rotor inflow

interference effects on wing-body and tail and the tail

rotor, astime-averagedwake-inducedvelocity changs.
No empiricalfactorwas usedfor the calculationof the
interference.

The aerognamic charateristicsof the UH-60 fuselage
are basedon 1/4th scale wind tunrel tests reporta
in Ref. 6. Only fuselagedrag value was updded to
accomnodateconfigurationchangs.

FuselageDrag Configuration
The baselineUH-60A fuselagedragequdions from the
wind tunrel test[6] are:

D/q (ft?)=19.0 + 0.0095 (1.66 a5 )* Tail off
D/q (ft?)=22.040.0160 (1.66a;)? Tail on

where g is dynamic pressue and o, is pitch attitude
in degrees. The tail off configuation includesonly the

basicfuselageandthe tail on configuationincludesthe
stabilator vertical tail, andtail rotor headaswell. The
zeroande of attackdragvaluedepedsupontheaircraft
configuationandtendsto increaseasnew modifications
aremadeto the aircraft. However, it is assumedhatthe
measuredvariation of drag with angle of attackis not
affectedby theseaircraftcorfigurationchangs.

Thereare four possibilitiesfor the equivalentflat plate
area of the Airloads Progam aircrat and these are
summaized in Table 1. These four cases differ
depewling upon both baselinedrag and the drag of
aircraftmodfications. Therearetwo baselinevaluesfor a
zeroangleof attackdrag Oneis Sikorsky's value, 25.@
ft2 from their flight manualperfamancesubstantiatig
repot [7], which is the basicrefelencefor the aircraft's
handookperiormarce. Theothervalue,26.2ft 2, is from
thestudyby Shanlg [12], whichwasperformedundera
NASA contiact.

The aircraft as testedin the Airloads Programdiffers
from the baselinein two respects. First, the aircrat is

a sixth-year production version and therebre includes
the ExternalStoresSuppot System(ESSS)fairingsand
miscellaneosichang@ssuchasa deicesystemdistributor

assemblyandanice detectorprabe. In addition a wire

strike kit hasbeenaddedto this aircraft to upgrale it

to fleet standard Sikorsky [7] hascompued the effects
of these modificatims differently than the US Army

Aviation Engireering Flight Activity (AEFA) [9-11].

Sikorsky’'s estimateof the equialent flat plate areaof

ESSSfairings, miscellaneousand wire strike kit was
0.78 ft2, 0.63 ft2, and 0.21 ft? respectiely. AEFA's
estimate for those compnerns was 2.5 ft2 [9], 1.0
ft2 [10], 1.0 ft2 [11]. Second specificinstrumetation
wasaddecdto the aircraftfor the testprogam. Thedrag
for the Blade Motion Hardware (BMH), Low AirSpeed
Sensingand Indicaing Equiprent (LASSIE), and test
instrumemation was deternined by AEFA. The drag of

theRotatingDataAcquisitionSystem(RDAS) wasbased
onits projededarea.

The equivalent flat plate areaof the Airloads Progran
aircraftwascalculatedbasecdnthefollowing equation

Airloads ProgramA/C = Baseline UH-60A (1st year
A/C) + ESSSfairing + wire strike kit + misc.
+ BMH/LASSIE + testinstrunentation+ RDAS

The four possiblecasesshavn in Table 1 are: (1) Case
1: Sikorsky’s baselinedrag+ Sikorsky’s dragbuild-up,
(2) Case2 : Shanlg’s baselinedrag+ Sikorsky's drag
build-up, (3) Case3 : Sikorsky’s baselinedrag+ AEFA's
dragbuild-up, and(4) Case4 : Shanlg’s baselinedrag
+ AEFA’s dragbuild-up. Thefinal flat plate area,then,
variesfrom 3295 ft2 to 36.34ft2. The current analysis



usesa zeroangleof attackdragvalueof 35.14 ft 2 for the
UH-60A, whichis very closeto the Case3 value.For the
UH-60L, a flat plate areaof 35.04ft2 was used,asthis
provided the bestmatchof parasitedragat high speed.
This valueis abou 10% higherthanthe value specified
by Sikorsky [2] for this configuration. Thefuselagedrag
equatimsusedin the presentalculatiors are:

D/q (ft?)=235.14 + 0.016 (1.66 a; )?

for UH-60A (Airloads Program
D/q (ft*)=35.04 + 0.016 (1.66 a, )*

for UH-60L

Resultsand Discussion
UH-60A Performance

The total power coeficient for the UH-60A was
calculatedusing CAMRAD 1l and is compared with
level flight dataobtainedin the Airloads Progran for
six weight coeficients in Figure 2. The total power
coeficiert is the sumof eachengire’s power, basedon
anengineoutput shafttorque sensomandthe outputshaft
speed. The trim solution usedin CAMRAD |l solves
for the contrds and aircrét attitudesthat balancethe
forcesand momerts in flight with zero sideslipangle.
Perfomance was calculatedusing nonwiform inflow
with a free wake geomdry and a zero angle of attack
dragvalueof 35.14 ft2. CAMRAD Il calculatenly the
mainrotor andtail rotor power. Thusthefixedaccessory
power of 658 HP [7] was addedto the CAMRAD I
calculatiors.

In geneal, the estimatedpower coeficient shovs goad

agreerent with the flight test data. At low speeds
(r < 0.1), the analysistendsto uncerpredct the
power coeficient. The reasonsare threefdd: (1)

airspeedneasuremntsdegradeat lower airspeedsisthe
dynanmic pressurés reduced(2) trim conditiorsaremore
difficult to maintain,and(3) computedpoweris strondy

influened by induced power which is more sensitve

to wake effects. This correlation will be discussed
guartitatively in the section“Quantitatve Perfomance
Correlation” As weight coeficient increases,larger

differences are seen between the calculations and
measurerants.

The calculatednainrotor power coeficiert is compared
with the measued valuein Figure3. This is the same
calculationasin Figure 2, exceg that only main rotor

poweris compaed. Main rotor power coeficient datafor

the UH-60A werecalculatedbasedon the measurema

of the main rotor torque. The analysisshavs godd

agreerent with the flight test data. Slightly better
correldion is obsevedthanwith thetotal enginepower.

Figure 4 compaes the calculatedtail rotor power with
the test data. Tail rotor power coeficient data were
calculatedbasedn the measuementof theintermedate
shafttorque. The analysisundepredictsat low speeds
andovermpredictsat moderntespeedspto C, of 0.0(1.
However, an ovempredictian is obseved at all speedsat
C,, of 0.010 and0.011. Tail rotor power is sensitve to
theaircrafttrim, in particulay the sideslipangle,andthis
will beexamiredin the next section.

Trim Effectson UH-60A Performance

The trim results at C,, of 0.00&6 (C,/oc = 0.08

are investigated in detail in Figures 5 through 8.

Aircraft attitudesand pilot contrd anglesare shovn in

Figure5. The analysisshows fair to good correlatian

for collective and longitudnal cyclic anglesand pitch

attitude. However, a large difference is obseved in

the lateral trim quantities (lateral cyclic angleand roll

attitude). Within the datascattey the flight datawere
obtainel for a zeroroll ande, thatis, no steadylateral
acceleratioron the pilot. To acconplish this, the pilot

tendsto fly with a small amouwnt of sideslip and uses
the aircraft’s static dihedra to zerothe roll angle. The
CAMRAD I trim for g > 0.2 is clearly outsidethis
scatter

Figure 6 shavs blade flap and lag hinge rotation

angles. The calculatedconing anglesare compared
with measuredvalues from blades1 and 2. Steady
conirg can also be derived from the blade thrust and
the centrifigal force (70,83 Ib.). The calculated
conirg anglesshav goad agreemenwith CAMRAD I

estimatedvalues. Thus, it is concluled that therewas
a bias error in the conirng angle measuremas. The
calculatedneanlag angleshavs goodcorrdationat u <

0.3, corsidering the scatterof the measued data. At

highe speedshowever, the measurd dataagres well

with eachotherandtheanalysisshavs anoverpredction.

The calculatediongitudinal flappirng anglesshav goad

correldion upto u of about0.2 but overpredictasspeed
increasesCAMRAD Il captuesthe suddenncreae of
the longtudinal flapping angleat . = 0.35. However,

the analysisshovs a much larger charge thanthe data.
The analysis uncerpredkcts lateral flapping anglesat all

speedsThisis similarto the poa lateraltrim predictians
shavnin Figure5.

The calculatedmain rotor shaftpitch androll moments
arecomnparedwith flight testdatain Figure7. Thetrend
is thesameasthelongitudinal andlateralflappingangles.

The calculatedtip path plane anglesin an inertial
coordnate systemare comparedwith measurd values
in Figure 8 to seethe combired effects of a rotor anda
fuselage Thetip pathplanetilt anglesaredefinedas:



Longtudinal TPPtilt angle= 5. (longitudind flappirg
angle)— aircrat pitch attitude+ 3° shaftpre4ilt
Lateral TPPtile angle= 31, (lateral flapping angle) —
aircraftroll attitude

The longitudnal tip path planetilt anglesshov godd

correldion at all forward speeds.This resultshavs that
the rotor propulsive force, thusthe airfrane dragvalue,
is accurate. However, thereseemsto be an inaccuacy

in the lift and pitching moment of the fuselag and
stabilator The calculatedateraltip pathplanetilt angles
shav goad correlation up to p of arownd 0.2 and then
overpredictasspeedncreasesAlthough the correlation

appeas to be betterthan with roll attitude, there still

may be uncertaities other than fuselageaerodyamic
charactestics.

To uncerstandhe poorto fair correlation of thetail rotor
power andlateraltrim values,the effed of sideslipwas
evaluatel by looking at changesf + 5 degrees. These
changs have little influenceon the main rotor power
andlongtudinal TPPtilt ande. As shawvn in Figure9,
however, a —5 degreesideslipangletrim slightly reduces
the tail rotor powver at mocerateand high speedsand
thusimprovesthe correlation. However, the aircraftroll
attitudeis increasedsignificantlysothat the lateral TPP
tilt angleis far from the flight testdata. A +5 degree
sideslipangletrim shaws bettercorrdation for the roll
attitudeandlateral TPPtilt anglebut overpredcts thetail
rotor powver at modeate and high speeds. The lateral
flappingangleshons no sensitvity to the sideslipangle
chang.

The effect of a main rotor to airframe aerodyamic
interference on the perfamanceand longitudinal trim
valuesis shavn in Figure10. Themainrotor to airframe
interfelence has a small influerce on the main rotor
and tail rotar power requred. The pitch anglesare
slightly undepredictedat modeateandhigh speedange
without interfelence. The longtudinal flapping angles,
however, shav good correlation without interference
effects,especiallyat s > 0.2

The effect of a fuselag flat plate areachange on the
power coeficient andlongtudinal trim values is showvn

in Figure 11. A 10% chang of the flat plate area
from the baselinevalue change the required power by

a maxinum of 6.5%. A 10% rediction of the fuselage
drag shavs goad correlatin for the longitudnal TPP
tilt angle. However, the pitch attitude and longtudinal

flappingangleshaw largerdeviations at high speeds.

STD/UH-60L and WCB/UH-60L Performance

The total power coeficient (C,) for the STD/UH-6Q
is calculatedand compredwith level flight testdatain

Figure12. Thetotal power coeficientis the sumof each
engire’s powerandit is normdized to pratect Sikorsky’s

proprietary data. The standardblade was testedon a
UH-60L, aircraft 84-23853, as part of the development
testingof the wide chordblade. The only differencein

modding betweerthe UH-60A andthe STD/UH-60L is

theflat plateareaof the fuselag. The calculatedoower
coeficient for the STD/UH-6L matchesthe measurd

valuesquite closely Figure13 compresthe calculated
perfamanceof the WCB/UH-60L with flight testdata.
Thenomalizedpowercoeficient (C’p), whichis different
from C, usedfor the STD/UH-60L, is used for this
compmrison. The analysis shavs good corrdation up

to a weight coeficient ¢, = 0.009. However, an
undepredictin is obseved at high grossweight and
speedThesecorrdationswill bediscussedjuariitatively

in the next section.

CAMRAD II was usedto investigatethe effects of the
new airfoils alone and combired with the increased
solidity. Figure 14 shaws the anglesof attack versus
MachnumteratC,, = 0.0L1andu = 0.24 Thesevalues
are calculatedfrom CAMRAD Il and plotted at three
differentspanwisdocatiors (r/R = 0.5,0.7,and0.9) and
at every 15 degree azimuthangle. At this high gross
weight condtion, most of baselineblade experiences
stall on the retreatingside. The additian of the new
airfoils to the standardblade haslittle influerce on the
angleof attackdistribution, andthusstall characteristics.
However, thewide chomd blade dueto increasedolidity,
redu@s bladeloading andthusdelaysstall inceptionat
this highweightcoeficient.

Quantitative Performance Corr elation

To characterizethe accurag of the correlation, the
perfamance data have been examned quantitatvely.
Figures 15 through 17 compae the calculated and
measuredperiormarce of the UH-60A. Only data for
> 0.11 is includedin Figure15. The 45 deg diagoral
line representa perfectmatchbetweeranalysisandtest.
The calculatedpower coeficients lie above the 45 deg
line if the analysisoverpredcts, and belowv the line if
theanalysisundepredicts.Thecorrelation is assessely
fitting a leastsquaregegressionline and computing the
slope,m. A secondneasurés thecorrelationcoeficiert,
r, which provides an indication of dispersion A third
measurés theRMS errorfrom the45deg line. A similar
apprach can be found for the harmaic correlation
for oscillatory flap bendig momen by Bousmanand
Maier [8]. CAMRAD Il shows goodcorrelationat p >
0.11. Excludng C,, of 0.011 which hasfew datapoints,
theworstvaluesare:m= 1.0, r =0.97,andRMS erra
= 4.65BE-5 Estimatedpower is uncerpredcted at low
speed(n < 0.11) exceptC,, of 0.01,thusboth m and



r aresignificantlylessthanunity asshovn in Figure 16.
Themainrotor power correlation shavs betteragreemat
thanthe total enginepower (Figure 17). Excludng C',
of 0.011 theworstvaluesare:m =1.045r = 0.99D, and
RMS error= 3.4386Eb.

The STD/UH-60L correlatim also shavs goad
agreerent as in Figure 18. The analysisappears to
slightly overpredct at mocerate speeds,as was seen
with the UH-60A predction. However, the analyis
shavs good correlation at modente speedsin the
WCB/UH-60L caseasshovnin Figure 19.

In geneal, CAMRAD Il underpedicts perfaomanceat
highgrassweightandhighspeedThus,theslopedeparts
from 1, althoudh thecorrdation coeficientindicatedittle

dispersion The m, r, and RMS error valuesfor the
threeaircraftsare takulatedin Table 2 and also shavn

in Figure 20. The scaleof RMS error values of the
UH-60L correlationis different from that of the UH-

60A correldion dueto the nomalizationof the power
coeficients for UH-60L.

The ability of the analysisto predct the perfomance
degradesfor all the configuations as the grossweight
increases. To undestandthe perfamane prediction
degradationat high grossweight, the effectsof dynamic
stall (LeishmanrBeddoesmockl) on the perfomance
were investigded for the wide chod blades. The
paraneters requred for the LeishmanrBeddoesmodel
were calculatedusing CAMRAD |l becausdestvalues
were not available. The calculationwith dynamic stall
shavedminor effectsat moderatespeedvhile the power
wasslightly redwcedat high speed.

Conclusions

The analysisCAMRAD Il hasbeenusedto predictthe
perfamanceof the UH-60 Black Hawk helicoger with

standardand adwancedrotors. The analysis has been
correlaedwith the flight testdataboth qualitatively and
quariitatively. Fromthis studythefollowing conclwsions
areobtained

UH-60A

1. The predictedtotal engire power and main rotor
power shav good agreemenwith the flight test
dataat x > 0.11. However, an undepredictin
is obseredaty < 0.11.

2. The analysisshaws fair to goad correlation for
collective andlongtudinal cyclic anglesandpitch
attitude and poa to fair correlation for the
lateraltrim quariities (lateralcyclic angleandroll
attitude)

3. The tip path plane tilt anglesin an inertial
coadinate system shov that there seemsto
be an inaccuag/ in the fuselage longtudinal
aeralynanic charateristics.Although sidesliphas
a significantinfluene on the tail rotor power and
theaircrat roll attitude noconsistenimprovement
is obtaired.

STD/UH-60L and WCB/UH-60L

1. The analysisshawvs the sametrends as the flight
testdata.However, anuncerpredkction is obseved
for the perfamanceof the WCB/UH-60L at high
gross weight and speed. The degradationof the
ability of theanalysigo predid the perfamanceat
high grossweightoccursfor all the configuations
calculated

2. Increasedsolidity of thewide chod bladeappears
to be a dominat factor in the perfomance
improveent at high gross weight by rediwcing
bladeloadingandthusdelayirg stall incegion.

Acknowledgment

The authos would like to expressthanksto Dr. John
Berry, Mr. JamedO’Malley, andMr. DouglasA. Ehlert
atUS Army AMCOM andMr. T. Alan Egolf at Sikorsky
Aircraft Corpaation for their sharirg of valuabledata
andknowledge.

References

[1] Kufeld, R. M., Balough D. L., Cross, J. L.,
Studelaker, K. F., JennisonC. D., and Bousman
W. G., “Flight Testing of the UH-60A Airloads
Aircraft” American Helicopter Society 50th
Annual ForumProceeihgs, WashingtorD.C., May
199,

[2] Bednareyk, R., Boirun, B., DiPierro, A.,
Fenaufty, R., Sheets,F, Trainer T., and West,
A., “Growth RotorBladeFeasibilityDemastration
Flight TestReport, SER70218, May 1996

[3] Johnsao, W., “Rotorcrdt AerodynamicsModelsfor
a Compehensie Analysis; AmericanHelicoger
Society 54th Annual Forum Proceedigs,
WashingtonD.C.,May 1998

[4] Kufeld, R. M., andJohnson W., “The Effects of
Contrd SystemsStiffnessModels on the Dynamic
Stall Behavior of a Helicopter,” Journal of the
American Helicopter Society, Vol. 45, No. 4,
October2000



[5]
[6]

[7]

(8]

Mudrick, M., “Main Rotor SystemLoads, SER [9] “UH-60A Exterral Stores Suppat System Fixed

702603,Septembe 999 Provision Fairings Drag Determindions; Final
Bernard R., “YUH-60A/T700 IR SuppessorFull Report, USAAEFA ProjectNo. 82-15-1,May 1984.
Scale Prototype Test Report;, SER 7004, June

197 [10] “Airworthiness and Flight CharacteristicsTest of
' a Sixth Year Productim UH-60A,” Final Report,

Boirun, . B “Flight Manual Perfqmance USAAERA ProjectNo. 83-24, Junel985
Substantiatip Report for the UH-60A Helicopter

Basedon the Multi-Year Il Configuraion,” SER [11] “BaselinePerfomanceVerification of the 12th Year
70279-1,May 1988 Prodiction UH-60A Black Hawk helicoptef’ Final
BousmanW. G.,andMaier, T. H., “An Investigation Report USAAEFA ProjectNo.87-3, Januarni989

of Helicopter Rotor Blade Flap Vibratory Loads; o
American Helicopter Society 48th Annud Forum [12] Shanlg, J.P. “Validationof UH-60A CAMRAD/JA

ProceemgS'WashingtonD_C_, Junelo@. Input Model; SER701716,November1991.

Tablel Flatplateareacalculation

EquiwalentFlat PlateDrag(sq. ft.)
Casel Case2 Case3 Cased

BaselineUH-60A 25.69[7] 26.2[12] 25.69[7] 26.2[12]
ESSSfairing 0.78 0.78 25 2.5
wire strike kit 0.21 0.21 1.0 1.0
misc. 0.63 0.63 1.0 1.0
BMH/LASSIE 2.0 2.0 2.0 2.0
testinstrumenttion 0.83 0.83 0.83 0.83
RDAS 2.81 2.81 2.81 2.81

UH-60A (Airloads progam) 32.% 33.%6 35.8 36.34




Table2 Slope,correlation coeficient,andRMS errorvalues

UH-60A UH-60A
Cuw m r RMS m r RMS
(1> .11) (1 <.11)
0.065 1.055 095 2.025E-5 043 0.94 6.228E5L
0.007/4 0.98 0.95 2.8172E-5 0.34 0.9 8.1571E5
0.08B83 1.080 0.94 2259E-5 090/ 0.84 7.1231E5
0.0@1 1.02 0.970 4.045E-5 042 0.9% 15240E5
0.010 1.0Z 0.92 4.6%8E-5 0.4® 058 6.1474E5
0.01 0.82 087 3.04E-5 N/A N/A N/A
UH-60A (MR)
Cuw m r RMS
(p > 11)
0.0665 1.0£2 0.97 1427E-5
0.0074 0.98 0.97 1.232E-5
0.0B3 1.06 095 2.9B5E-5
0.0®1 1.0 0.9/5 3.48B6E-5
0.00 1.018 0.90 1.9127E-5
0.01 0.82 0.208 4.3%42E-5
STD/UH-6L WCB/UH-60L
Cuw m r RMS m r RMS
0.065 1.08 094 0.02069 1.08 0.9% 0.02893
0.081 1.08 0.88 0.01743 0.98 0.98 0.017304
0.0B5 1.0 091 0.01%66 090G 0.9 0.017643
0.0@1 1.0 099 0.05867 08B 0.9% 0.055197
0.00 088 0973 0.026/14 0.682 0.99 0.038625
0011 048 0.984 0.05392 058 096 0.06199
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Fig.2 Calculatecandmeasurd power coeficient for UH-60A (Airloads Program)
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Fig. 18 Calculatecandmeasued power coeficientfor STD/UH-60L
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Fig. 20 Slope,correlationcoeficient, andRMS erra values

26



