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In response to ~4aval Air Develo pment Center (NADC) contract number
N62269-79-M-3221 , Mcd P00001 , Sikorsky Aircraft has develo ped a set of
rotor performance maps for an ~BC rotor system , suita ble for use wi th  tre
NAVA IRDEVCEN helicopter conceptual desi gn computer program , HESCc MP) (Helicopter Sizing and Performance Computer Program) .
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20 ABSTRACT (Cont~d)

The rotor performance maps include performance data for the hover and for’.var
fligh t regimes and reflect a rotor technology level commensurate with a
1995 initial operating capability (b C). The level of technology assumed
represents a modest , low risk improvement 1,10%) in airfoil technology
relative to existing airfoil sections.

This report is the formal documentation of the rotor performance maps and
includes a description of the anticipated 1995 IOC rotor configuration on
which the rotor maps are based and substantiation for the methodo logy used
in the generation of the maps .
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SIJ*IARY

• In response to Naval Air Development Center (NADC) contract number N62269—79-M-
3221,—Mod--P000GI-, Sikorsky Ai rcraft has developed for the Naval Mr Develop-
ment Center (NAVAIRDEVCE N) , a set of rotor performance maps for an ABC rotor
system, suitable for use wi th the NAVAIRDEVCEN helicopter conceptual design
computer program, HESCOMP (Helicopter Sizing and Performance Computer Program).

The rotor performance maps include performance data for the hover and for-
ward flight regimes and reflect a rotor technology level coninensurate wi th a
1995 initial operating capability (b c). The levels of technology assumed re-
presents a modest, low risk improvement (10%) in airfoil technology relative to
existi n~j airfoil sections.\~ 

5>$ ç~€J~ fJ-~~L
‘this report is the formal documentation of the rotor performance maps and
includes a description of the anticipated 1995 IOC rotor configuration on
which the rotor maps are based and substanti ation for the methodology used
in the generation of the maps. -

The rotor maps themselves are presented in the appendix of this report in both
HESCOMP transcript sheet form and in computer input code form, (the latter is
a copy of the listing obtained from a set of punched computer cards which will
have been presented to NAVA IRDEVCEN.)
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INTRODUCTION

NAVA IRDEVCEN is currently involved in supporting NAVAIRSYSCOM by generating
• together with other concepts , ABC helicopter conceptual designs in support

of the Sea Based Air Master Study Plan (SBAMSP). In order to generate ABC
conceptual designs which accurately represent the capabiliti es of the ABC
rotor system, accurate estimates of the performance of the rotor system are
required .

The output of this contract is a set of rotor performance maps for an ABC
rotor system, suitable for use with HESCOMP , the NAVA IRDEVCEN helicopter
conceptual design computer program , HESCOMP , developed under Navy Contract
No. N62269-74-C-0757 and described in Reference 1. The rotor performance
maps cover both the hover and forward f l i g h t  regimes . The maps have been

• developed using anal ytical techni ques adjusted to reflect a 1995 rotor system
technology level . The analytical techniques employed will be shown in this
report to have correlated well with available fl i ght test and wind tunnel
data , and the extent to which each type of data is valid is a lso identified .
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BAC KGROUND

Al though the ABC concept has been studied for a number of years ( the initial
ABC patent was issued in 1968—Reference 2 ) ,  because of the significant difference
in stabi lity and control characteristics between a coaxial rigid rotor with
differential lift offset and a single articulated rotor with balanced lift on
the advancing and ret reat inç~ blades , most of the testing, both full and model
scale , has not been directed at performance. However 3 sets of ABC performance
data are currently available for correlation .

These are the Ames 40’ x 80’ wind tunnel test on an early ABC roto r conf ig urat i on
(Reference 3) and flight test results of the XH -59A ABC Demonstrator aircraft in
hover and forward flight (Reference 4). Using these test data as a basis , this
report w ill show how correlation has been achieved hence justify ing  the perform-
ance methods used to predict the 1995 IOC technology rotor characteristics.
The 1995 IOC rotor geometry w i l l  be covere d la ter .

Previous ABC proposals and contract work (Reference 5 being typical) have used as
the basis for prediction methodology substantiation the results of the Ames 40’
x 80’ wind  tunnel tes t . Recentl y however a more deta i le d analys i s of the resul ts
of this test has revea led a large number of questionable data points in the higher
advance rat io regime . Although not questionable from the stand po i nt of tren ds ,
the data is questionable from the standpoint  of absolu te levels  of L/ D E . The

questions are basically a result of the large test module tare forces and moments
compared to the rotor forces and moments - a result of simulating high rotor
advance ratios using a reduced rotor RPM and full tunnel speed . Also in question

• are the rotor powers required . Because of the inherentl y strong rotor shaft
which precludes use of torque strain gages of adequate sensitivity , an d the bas i c
se lf compensating torque characteristics of the dual rotor system , the rotor
powers were obtained by manually reading the current required by the electric
drive motor. Apart from being non-automated , this arrangement is incapable of
identi fying negative power readings (a necessary feature for investigating the
operating envelope of an ABC rotor system at high advance ratios). As a result ,
the basis for the prediction methodology substantiation in this report is now
the fl ight test results of the XH-59A ABC Demonstrator aircraft. The data pre-
sented was taken from typical flights made in the helicopter mode (no aux pro-
pulsion engines installe d). As the data points were taken from a number of dif-
ferent flights , each point must be considered in its own right with its own
unique parameters . The disadvantage of this arrangement is that any individual
data point error/scatter cannot be faired out with the aid of other comparable
data points .

The data as presented extends to a true fl ight speed of 192 kts (advance ratio
of 0.5) recorded in a dive . At the present time no flight test data from the
current XH-59A test program with auxiliary propulsion is available to extend the
speed envelope .

2
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Prediction Methodology

Because of the uni que aerodynam ic features of the ABC rotor system , com-
promises have to be made if prediction of ABC rotor performance is to be
made using methodologies developed for single rotor helicopters .

For both hover and forward flight the basic compromise is to treat the
rigid blade co-axial ABC rotor system , w i th l imi ted  in t ra  rotor spac i ng , as
an in plar ,e rigid lift-offset rotor with the same total number of blades .

In hover , the intra rotor spacing of an actual ABC configuration affects
the aerodynamics in three areas. These being the virtual elimination of
rotor i nduced wake swirl , the increased in flow seen by the l ower rotor as
a result  of downwash generate d by the upper rotor and the blade profile
power increase d~ie to the interference effect of rotor blade passage. Al-
though some assessments of these effects can be predicted theoreticall y,
it is more realistic to develop correction factors based on reliable and
representative test results . Previous work (Reference 5) out of necessity
has used all co-axial test data as a basis for comparison . However some of
this work does not constitute representative test data in that is includes
articulated co-axial rotor system (less interference effects) or model scale
data . Now however , hover test data for the XH-59A aircra ft is available.
Figure 1 shows the test data figure of merit variation with CT/O together

wi th the uncorrected inpiane predicted performance . The p redic ted perform-
ance was generated using the Circulated Coupled Hover Analysis Program
(CCHAP) described in detail in Reference 6. From this a figure of merit
improvement factor for ABC co-axial effects shown in Figure 2 was developed
and can be applied to any other ABC rotor configuration to yi el d the total
predicted ABC hover performance .

j The forward flight data of the XH-59A are shown in Figure 3. Here the pre-
dicted performance has been generated usin g the latest version of the Generalized
Rotor Performance (GRP) program (Reference 7). The GRP set up emp l oyed un i fo rm
inflow and the most recent representation of skewed flow (a very important re-
quirement for ABC rotor systems). For these conditions , a l l o w i n g for the
vagaries of the actual flight test data points mentioned previously, the cor-
relation is sufficiently close to lead to the conclusion that ABC forward flight
performance can be predicted with acceptable accuracy using uniform inflow GRP
with the latest , most representative simulation of rotor skewed flow effects .

3
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1995 IOC Rotor Defin i tion

The rotor as used in this study is b a s i c a l l y a 1980 IOC ABC rotor with two
exce pt ions , one structural and the other aerodynamic .

On the current XH-59A Demonstrator aircraft (using 1975 IOC technology ) the
rotor bla de has a maximum thickness/chord ratio of 24% and uses regular non-
synirietrical section airfoils. At the high advance ratios attainable by ABC
aircraft in the cru i se conditi on , the use of double ended a i r fo i ls over the
i nner segments of t he b l ade ha s been found analy ticall y to be of considerable
benefit. The analysis used the results of a series of wind tunnel tests , con-
ducted iii 1971 (Reference 8), wh ich had the objective of developing a famil y
of double ended airfoils which could be used on high speed ABC aircraft .
Al though the double ended airfoils experience more drag on the advancing
blade , the l ower drag and higher lift in the retreating blade reverse flow
reg i on , more than compensated at high advance ratios . As a result , the basic
use of double ended airfoils is more 1980 technology than 1995. However
(between now and a 1995 IOC ) it has been assumed that improvements in struc-
tural techniques will allow a reduction in the blade root maximum thickness
rat io from the current 24% to 20% . Th is assumption is considered conservative.

NASA /Langley has been developing a new series of high speed airfoils for rotary
wing application (typified by the RCO8B3). The use of an RCO8B3 on the outer
segments of ABC blade consi derably reduces the advancing blade drag penalties.
However at l ower flight speeds and high blade loading conditions , reduce d low
speed CL characteristics of the RCO8B3 on the retreatin g blade penalize the

ABC lo it~~Xcapabil ity . It has been assumed that by 1995 an improved RCO8B3 will
have been developed which will maintain the current airfoil ‘s good h ig h Mach
Number drag characteristics while permitting 10% more lift at the l ower Mach
Numbers . It should be noted that at the normal ABC high speed cruise condition
this increased lift capability on the retreating blade has negligible benefits.
As a result , at the high advance ratios , the 1995 IOC ABC uses essentially a
1980 IOC aerodynamic technology .

The actual description of the rotor, its size , airfoils , twist , so l id i ty
etc are presented in Figure 4. The rotor tip speed schedule used in the
rotor maps is presented in Figure 5. The schedule uses a fixed tip speed of
670 FPS up to a forward speed corresponding to an advancing ti p Mach Number
of 0 .85. Above that forward speed the ti p speed is reduced to mainta in a
constant advancing ti p Mach Number of 0.85. The data in Figure 5 and in
th~ appendix is however onl y correct for one fixed temperature (in this case
59 F)1 For other ambient temperatures , the fl i ght speed at which the ad-
vancin g tip Mach Number of 0.85 is reach , will vary . Similarly the free
stream Mach Number as used in the HESCOMP input schedule should vary with
ambient temperature .

4
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DISCUSSION

Following the procedures outlined in the Methodology section , the predicted
hover performance of the ABC rotor was generated for the required 3 tip Mach
numbers . The 3 Mach numbers selected for presentation correspond to a tip Mach
number that would be experienced when operating at 100% NR at sea level on an
ISA day , plus and minus .05 on tip Mach number. The l owest value of CT/a used
corresponds to that experienced under typical aircraft operational weight empty
conditions with less than 100% NR, and the upper value corresponds to typical

full gross weight , full power (no reserves), at altitude with less than 100% NR.
The 2 extreme are not totally compatible with even increments of CT/a and a

maximum of 10 values , hence the CT/a of .07 has been deleted as it was expected
to introduce the least error in the curve fit routines used when processing the
data . The maximum figure of merit predicted for the MT 

= .55 cond i t i on i s
0.795 at CT/a = .088, at MT = .60 is .788 at CT/a = .087 an d at M1. = .65 is
.778 at CT/a = .081.

The exact details of the figure of merit variation with CT/a and MT are pres-
ented in tabular form (on standard HESCOMP format sheets) as Figure 1A in the
Ap pendix .

p For the forward flight segment of the rotor maps the HESCOMP format dictates the
data be generated ~t conditions of fixed temperature (arbitraril y selected in
this case to be 59 F) with variations of ~i (a maximum of 10 values), X / L (a
maximum of 6 values) and CT/a (a maximum of 10 values).

Because of the hi gh speed potential of ABC type aircraft and the fact that the
aircraft can be trimmed anywhere between a ful l helicopter mode with zero aux-
iliary propulsive thrust and a full autorotative mode with zero (or negative )
rotor powe r and full auxiliary propulsive thrust , the use of X /L as a controlling
parameter on the rotor maps has prove& to be very difficult , especially when
only 6 values of X /L can be selected .

The maximum value of X/L used in the maps was dictated by a point in the fli ght
envelope corresponding to the maximu m speed likely to be reach in the helicopter
mode , at the lowest altitude and gross wei ght condition . This represented an
X/ L of .08 .

The minimu m value of X/L needed in the maps corresponds to a hi gh speed condition
where the rotor is in full autorotation and the rotor torque required is negative
but only sufficiently so to fully show the ful l effects of operating in an auto-
rotative mode at hi gh speeds . This corresponds to an X /L of - .12.

5
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These extreme values of X/L conveniently yield a total number of X/L’s of 6 if
increments of .04 are used between the limits. By this means values of X/L of
0, .04 and .08 will provide information for flying in  the hel i copter mode and
values of X /L of 0 , - .04 , - .08 and -.12 will provide information for flying in
the auxiliary propulsion mode . It should be noted that at low speed (U ’s of
.025 and .1) increments in X /L of .04 correspond to a minimum parasite drag f
change of 150 sq. ft . well in excess of normal requirements .

The range of advance ratios presented in the forward f l i g h t  segment of the maps
is from .025 (to aid fairing in to the hover condition) up to 1.2 , which with
the RPM schedule proposed allows airspeeds well in excess of 300 knots to be
anal ysed . The actual advance ratios presented are .025 ,.1 , . 2 , . 3 , .35 , . 4 ,
.6 , .8 , 1.0 and 1.2 , the maximum of 10 allowed .

Because of the effects of the RPM schedule , a CT/a range appropriate to the lowe r
speeds becomes inappropriate at the higher speeds . Fortunately if a C1/o range
from .06 to .18 in increments of .02 is selected for the l ower advance ratios ,
3 C.~./a ’s values are then ava ilable for selective insertion when the RPM reduction

increases the operating range of CT/a. The fu l l  range of C1/a ’s presented i n
the rotor maps are .06 , .08 , .1O , .12 ,.14 ,.16, .18 , .20,. 25 and .30 , represent-
ing the full 10 CT/a allowed .

It will be noted that the full range of X/L ’s from helicopter mode to auxiliary
propulsion mode are presented for advance ratios up to 0.4. However for advance
ratios of 0.6 and above , the X/L range is restricted to the negative values only .
Even X /L = 0 is not covered. This is because at the higher advance ratios the
analysis predicts that , independant of the shaft angle , the 1995 IOC ABC rotor
system presented here is incapabl e of generating propulsive forces greater than
some negative value. For the lower speed conditions , an increase in propulsive
force (X / L) can be simply accomplished by retrinining the rotor with a more nose
down attitude. Unfortunately at the highe r advance ratios the drag penalties
on the retreating blade segments caused by the increased infl ow associated
with a more nose down attitude more than compensates for the forward component
of the thrust vector. This effect is shown clearl y in Figure 6 where the L/r)Evariation with Ct/a is shown for 2 CL/a ’ s at U = 0.6. For information the
appropriate shaft angles are also indicated.

Al though up to this point it has been specifically indicated that this trend is
a predicted trend, it must be mentioned that similar trends were also apparent
in the Ames ABC Wi nd Tunnel test. Al though the range of shaft angles tested
was somewhat limited and the absolute levels of the drag (and lift) values may
be in question it is fel t that the trends are still valid. Figure 7 shows the
variation of Cr/a with shaft angle , c6s , at C1/a = .16 as obtained from the Wind
Tunnel at U = 0.71 (the highest value of at which shaft angle variations were

6
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performed). For comparison , the theoretical variation (for this 1995 IOC ABC
rotor), is presented for the same CT/a for u ’s of 0.6 and 0.8.

The unusual X/L behavior of the ABC rr tor system at high advance ratios was
difficult to adapt to the HESCOMP format. In some of the CT/a - combinations ,
the most efficient (upper) segment of the L/DE - Cx/o relationshi p contains only
2 of the set X/ L values. HESCOMP requires a minimum of 3 values of X/L for
the curve fit routines employed . The devised solution to this problem was to
introduce the third (in some cases artifical from the point of view of
attainability ) value of X /L and select values of L/D E such that the curve
fit through the 3 data points gives the closest representation to the fact
and to then limit the use of the data to the valid region of the curve . Pro-
cedures for limiting the rotor already exist in the latest version of HESCOMP .

The artifical values of L/DE are included in the rotor maps presented in the
rotor maps presented in the appendix together with the appropriate rotor
limi ts necessary to restrict the user to the valid regions of the data .

Conclusions and Reconui~endations

The data generated and presented in this report as a result of contract
N62269-79-M-3221 Mod P00001 will provide NAVA IRDEVCEN with a set of rotor
performance maps for ABC rotor system suitable for use with HESCOMP .

Al though rotor limits and a tip speed schedule have been included , no Taux /T
schedule has been included as that is a variable at the option of the user .
For current Sikorsky ABC studies , the Taux/T schedule employs values of 0.
(pure helicopter mode) up to advance ratios of approximately 0.35. Above
the Taux/T schedule is normally adjusted to yield zero main rotor torque so
that the rotor drive can be disconnected from the propulsion drive system.
This allows the propulsion units to be operated at their most efficient RPM
rather than being forced to a lower RPM by the main rotor tip speed schedule.

Al though the tip speed schedule presented is valid for normal operating al-
titudes , if studies of ABC system loiter capabilities are planned at high
altitude it is reconi~iended that a higher base tip speed be employed . The

• restriction of an advancing tip Mach Number of 0.85 is still appl icable.
For some Sikorsky-studies(Reference 9) a loiter base tip speed 5~ above nor-mal has been applied although larger percentage increases could be bene-
ficial.

It should be noted that the presented ABC rotor maps represent a particular design
aeometry as well as a set l evel of technology (1995 b C )  since the HESCOMP rotor
data forma t l imits the (L/D)E trending to functions of advance ratio , CT/a, and
X/L , the independent effect of solidity on rotor L/DE is not provided .

A representative rotor solidity was selected based on Reference 9 desici n study .
The quoted L/~ trends are strictly valid for only this sol idity value . Use of
the map performance level s for nBC rotor configurations which have different
solidities may result in inaccuracies due to disc loadin q effects. In aenera l ,
the presented L/DE values will be increasinaly pesimistic when appli ed to rotors
with solid ities that decrease from the baseline value. It is unlikely that
solidit ies higher than the baseline value will be of interest.

((9 6 7 

.~~~~
. •- 



_ _ _ _ _ _  
- ~~ - -  ~~~~~~ --~~~~- - -~~~ -~~ - - -  - 

_ _  ~~~~~~~~

SIKORSI(Y~~~
_ _AIRcRAFT ~~~!i~I~ u DOCUMEN T SER—69060

REFERENCES

1. Dav is , S. J. and Wisniewski , J.S., “User ’ s Manual for HESCOMP the
helicopter sizing and performance computer program ,” Boeing Vertol
Company Report No. 0210-10699-2 (First Revision), November 1974.

2. Berg-quist, R., Michel , P., and Fradenburgh E ., “Co-axial Rigid Rotor
and Method of Flying Same , U.S . Patent No. 3,409,249; Washington , D.C.,
November 1968.

3. Pagl i no , V.M., and Beno , E.A., “Full -Scale Wind Tunnel Investigation of
the Advancing Blade Concept ,” SER-50705 USAAMRDL Tech . Report 71-25 ,
Fort Eustis , Virginia , August 1971.

• 4 . Groth , W.P. , “Data Report - XH-59A Low Speed Flight Test (3 Volumes ), ”
SER-79043, October 24, 1975.

5. Sikors ky Type A V/STOL Weapons System , Technical Information Report ,
• SPB 77-N9669-R0, May 31 , 1977. (Classified )

6 . Landgrebe , A.J . , Moff i t t , R.C. , and Clark , D.R., “Aerodynamics Tech-
• no logy for Advanced Rotorcraft, Part I ,” Journal of the American Heli-

copter Society , Vo l ume 22 , No. 2, ,4prfl 1977.

7. Landgrebe , A.J ., Moffitt , R.C., and Clark , D.R., “Ae rodynamic Tech-
nology for Advanced Rotorcraft, Part II ,’ Journal of the American Hel i-
copter Society , Volume 22, No. 3, July 1977.

8. Lattal , G.L., and Verbridge , D.J., “Wind Tunnel Tests of Sikorsky Two-
Dimensional Airfoil Models in Forward and Reversed Flow ,” UARL Report
K431676-1, January 1972.

9. Sea Based Air Master Study. Aircraft Alternatives Definition Task
Advanced Helicopter and ABC Type A V/STOL. NAVAIRSYSCOMP N-000-19-79-
C-0164. January - Apri l 1979. (Classified )

8
H

6.9 2~ ((V 6

Li ~~~-III T _ 
- . ~~~~~~~~~~~~~~~~~~



_ _ _ _ _ _  
_____________ — .- — -- - - —~~~~~~ •

- —--~~-- - - - -—
~
-- -

~~~~~~~~~~~~~~~~~~~
- •

SER-69060
• — —  T : I

• 

- 
- ~~- - I • •

~~~• ~~~~~~ ~L,.J• L

_ _ _ _  

x~~$+A H~~ E~ ~~~ Fo~~M~ Wc~~ 1
~. 4 .  ~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~ 
• 4 .

• •

:•. •i . 4~• .. • . -  

~~~~~~~~~~
• , •

___ - - -~~~ -- - 

~~~~~~~~~~~ 
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

..4 • • -~ •

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

cc~A~~~~~~~y

— I _ _ _ _  -

_ _ _ _  ___ - ___ - - ___ - 

-1 - —
~~

- - -
~~~~

- - - 4
_ _ _  _ _ ___-— 

_
1

‘~ .-%~ 
.LJ•_ 

~~~~~~~~~~~~~ 
• 

~
_ • . • •_4_ . •~~~~_... ...L-._ 4 --~~ -

-~~~~~~ - • I
• ; • ~ • - - • ~ — - •--~~ -- -. — • • — ~~~~~~~ —~~~~ .—- .-~ — ~- • I • . ,• - • .  - -

I I

t.-. I I — —  ____  —
~~~ ~~

— ——- —. •. .— —

j  — —

~~~~~~

- H
— .—‘.~~~~~ . —-—---- —

~ H - —— — -

—

~~~~~~ I I
HH~ 

-
~~~~~~ ~~~~~~~~ 

- -

~~~~~~

- 
~~
_

f
__ 

— -  - — t -

• ~~~~~~~~~~~~~ j . ~~~ 4~ 4 : 
—~~

1.— 4 ..~ i 
~~~~~~~ 

— t L.4.

~ 

4 -

I ¶.I ) I
_ _  _ _  _ _  - I

- 
• I • I

_____ • • •_ t .•..~~~~~ • .  ~~~~~~~~~~~~~~ ~~~~~~~~~ - ~~. • 1 • - • • - . -  J.•.• ~~ . -

9
PAGt

~~~~~~~~~~~~~~~~~~~~~~~



- -

SER-69060
- -*  

3 1 ~~ ~F
I • 

• ~ . 
• • .

- t -

~~~~~

— 

~~~~~~~~

- 

~~~~~~~

-- 

1

-- --

~

- 

T- 
-
~11 

— - I +

~~~~~~~~~~~~~ 
-

~~~~~ ~
T
~~~Tr ~— — -HI— — ___ — —±-- -

-- — 
__ I_~_ 

—
~~~~~~~~~~~~~~ — ~~~~~~~~ -— - 

3

-i-. t~~ ~~-• 4- — — 
~

— -t- --
~1~

- 
~

—-

~~ 

- -

~

~~~~~~~~~~~~~ t±i_LH~~L LL~ ~
~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •

~-se~dve~ij 
~4 —__ 4- --- - -

~

• I ~~~~~~~~ 
::~~~~~~~~

--
~~~~~:. -v - 

-

—F ~~ 
—- H ~~~~~~~~~ 

— -

~~~ 

- -L - -

_ _

t -~- I 
_ _  _ _  

7’F iT f - - --

~~~~~~~~~~~~~~~~~~ : :~~~t - 

~
_ 

. -  - -  -

I
I -  L -

~~~

~ T ~~~4 i4I I 
-

~~~~~~~~~~~~~

_ _ _ _  - - - _ _  I

-~~ - I -j

I I

* L*I~~Hi ~~~~~~ _ _F 4-
- 4- -

~~ 
- 

4 
-• ~ c~~7 10 1~I

_ _  _ _  L -~~~- t~ 
- - 

~
-

I 
•
~~~~~

• •  tT-••~
_
~ 

- i  ! I
— -

~~~ I - - - t - i
3— ~ t —

_ _ _  - - I 
~~~• • ~~•1••~~. ~~• . • •

PA(E

- - ~~~~~~~~~~~ 
_~_•~•_ _~_S_ — -

~~~~~~~~~~~~~~~~~ • _ a  —



— —— .ri~r_ ,~-_—r • -— — - —~~~~
- — — - -~~~ 

— —
~~~~~~~

SER-69060

I 
I

~~~~—— — — ‘  
I 

- t , Fi& 3

_ _ _  

r I .j
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-- t—.• -
~ 

-.  - - - - -  -

~~~- 
• . •

I — 
( 4 _  i i i  I ’

~ H-
• ~~~~~~~~~~~~~~~ . • . I -  - - . 4

• ~1-~~ 
_
~~~ . • I i •  • 

~~~~~~~ • I

~
•
~;1~ 

~~~~~~~~~~~ I 1 -— - — T - —

_ 
I : . 0

---b— •
~ 

.-——-- —--i-j— — •

~~~

•— T -

1 — 1 1—
-- -f -

~~~~~~~~ 

—

~~~~~~~ ~~~ t ‘
~~ L - t -

~~~ 

~ r~ 1~m I
— —~--—h• 

-----k —~~~---~~-~~ --  - • •~ - • . . - •

• I.!~~~~.• • 
,..±•,l. - 

L - - t  k - H ~ 
-

~~~ I
_ 

I ~T 1 — —-j
~~ 

-i--
I I~~~ o ~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
~~~ ~~.: • .~1: - • 

. • ~~~~~~

i - • .••-•)~ 
•-*~

-
~~ 

• • T •~~~~~~~ • •H \— .

- .

H - 

4 L  T4~~ 
_ _  

I 
-

I 

~~~ I —

~ 
‘-  - -

‘ 

- 

I 
- T - -

E~~~~~1±4 ~ — f - 

‘ 

- 
I

‘-H t~~~ ~~~

-

— T - ~~ - - - . -~~~~H-4---’ -- H 1 ~~
. • 

. - 
-

- —~~ ~~~ ~1— i — — t ——- -
~~~~~ ~ 

- -

_ 
_ _  

!
~~~1

I ~ ± -~~~~~~~~~~~~~ 

- 1--
-- - 

I 
_ _  _ _  _ _  

3 
4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4—~~:1 ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘ • .

L~:~~ i LL  :* ‘

~~~~~~~ 
4

F t  I I ,
b —-

~~ 
— — L~ _

~~~~~~

. —1-- -H--H- — 
~~
--

LILt L _ _  ~ i~ i I 
I

11
PAGE

L _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _
_________________ —



r 
-

~~~~~ 

. - • .

~~~~~~~~~~~

SN~~NIkY ~~_A1R~~~AVT ~~~~~~~~~~~ ~ DOCUMENT NO.  SER-69060

ABC 1995 IOC ROTOR DESCRIPTION

• Figure 4

Blade Radius 29.11 ft.

Blade Aerodynamic Mean Chord (@75%R) 2.56 ft

Taper Ratio 3.63:1

Twis t _80 linear

Thickness Distribution 20% at blade root
linear taper to 8% at 50% radius
constant 8% 50 - 100% radius

Ai rfoil Types Double ended root - 50% radius

improved RCO8B3 50 - 100% radius

Blade Cut Out Ratio 15%

Aspect Ratio 8.07 geometric 11.37 aerodynamic

Aerodynamic (Troque Weighted) Solidity .156

Aerodynamic (Thrust Weighted) Solidity .226

Geometric Solidity (Area Ratio) .226

Solidity bc .75 .168*

* Used in Definition of Ci/a,Cx/a
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HESCOMP HELICOPTER SIZING AND PERFORMANCE ~~~~~~~~~ 4 O ~~~~~~ f cA s F NO

COMPUT ER PROGRAM B.91
I 1 o~ 5

ROTOR PER FORMANC E MAP
• (ROT IPI D 4)

L O C  V A L U E  1 LOC V A L U E

[~~~ TOR MAP NO . 3420 Z 2. I. I b~~~ f~ 3_________— 
r~
-
~ RE  F 3422

3423 —

HOVER PERFORMANCE -- _____ —

[~o c {  V A L U E  V A L U E

NO. OF CT/O~S 1 3424 1 /0. NO. OF M TIP .S 
___________

VAL U E S O F C T/cY V A L U E S O F M T IP

LOC VALUE LOC V A L U E

(C y /Qi ) 
- 

342S .o4. M T t 
3436 �~5

(C T /cr) 2 3426 
~~~~~~~~ 

M T 2 3437

IC T /013 3427 MT 3438 • (
~ ~ç

(C T /014 3428 . M T 4 3439
(C T /Oi5 3429 • MT 5 3440

• 
~~T”~~ 6 

3430 iO - 
MT 5 344~

(C T/cr) 7 343~ • 1 ?

(C T /Oi8 3432 .12 CT/ 4 T/ ~~~ D
2

V T
2

N R •

(C T /c r) 9 3433 .13
(C T /cT ) 10 3434 ~/4- 

—

INPUT VALUES OF F.M. FOR COMBINATIO NS
OF C-~/:- AND MTIp

MT I P  I = •5~ 
M TIP2  = . (~~ 

M-y~p3 = . 
~~ 

M-~IP~ = M TIP S = MT IP 6

LOC V A L U E  LOC V A L U E  LOC VALUE LOC V A L U E  LOC V A L U E  LOC V A L U E

~~~~~3442 
_ _ _ _ _ _  

3452 
~~~~~~~~~~ ~~L ~~~~~ 3472 

___  _ _ _ _ _  ___

C T/ f l2 ~ 3443 .73(, 3453 •73~ 
3463 

~~~ 3473 3483 3493
I ) C~~’C 1 3 =~~, 3444 .7~1 3454 . 7~7 3464 • 3474 3484 3494

(CT~
7) 4 r

O~ ~~ 712 ~“ •7g’~ 
3465 .777 3475 3485

I C-r ’ 7 ) 5 ~~ 
3446 .7~4. 3456 3466 .77~ 

3476 3486 
— 

3496 
—— -

C-r r ) 6 -/O I 3447 .7g’j 3457 773 3467 •-757 3477 3487 3497

=_,lL~
i 

~~ ~~i _ _ _ _ _  

3468 733 3478 3488 
— 

1 3498 
_ _ _

( C T
~~

7i 8 ‘~izI ~~~ -72~ ~~ 720 3469 3479 3489 3499

(C~~f’7 )9
__

‘~ !3 3450 .&,ff5 3460 7~ / 3470 qj,~~~ 3480 3490 3500

[ r”°)to .
~

. 345~ .(,(,4. 346 1 • (~
(
~i 

347 1 •~
..53 348 1 349 1 350 1 j_

NOT E: C T I S  I~’4 R0T0R NOTATION

-- • _ _  -- _~~~~~~~~~~ • •  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~
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