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REPORT OF FIRST YEAR'S ACTIVITIES - CONTRACT NONR 898(00)

This report is auhmitt.cd to outline the purposesz and objec-
tives of Contract NONR 898(00), the prodlems encountered and
anticipated in carrying out the program, the methods of approach
in its sxecution, results of the research to date, and plans for

the remaining yesr's work.

INTRODLCTION

Contract NONR 898(00) was activated 15 June 1952, to run

for a period of two years from that date.

| The objective of the project °s the atiainment of improved
helicopter performance through the application of an serodynsmic
principle, l‘mm as boundary layer control, to helicopter rot.‘_or_
blades. '

It has long been known that the scﬁl-_stagmnt laycrw of afr
imnsdiately next to the surface of an airfoil, or 1ifting sur-
face, is trz socurce of much cr_f‘zclcncy loss in the production
of 1ift by such & surface. An uncontrolled, turbulent boundary
laysr results in both a lowered maximum 1ifting sbllity and an

increase in drag of the airfoll. By removing this small layer

" at 8 certain iocation s it forms, as by suction through open-

ingn in the §irfoil surface, the deletarious effects of this
iow-snergy boundary air mey be minimized, and the lifting sur-
ﬁcc efficlency greatly improved. By increasing the efficiency
of the u.rtlng surface, in this case the helicopterts rotor
blades, the performance of the helicopter itself should bsne-
£1t greatly.
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Although this principle has been Kknown for a long time, its
practical application has been delayed by the formicdable problem
of applying it practically, in an economical manner insofar &s
power consunption and complexity are concerned. 1t is, there-
fore, the major oblJective of this program to find eccnomical,
practical methods of the application of thls'prlnciple.to the
helicopter.

There are several possible benefits which the helicopter
might derive from proper application of boundary layer ceoatrol
{hereinafter referred to as BLC). These aret
| 1., lIncrease in the maximum 11ft coefficient (and stalling

angle of attack) of the rotorﬂSIade, to delay stall of
the retreating blade, thus permitting higher tbrward
speeds of the helicopter.

2.- Reduction of profile drag of the rotor blade, thereby
reducing the power required to produce a g!ﬁeﬁ'lift.

S. Reduction of drag due to "shock stall" of the blades at
transonic and supersonic blade”speeds.

4, Contridution to rotor stability and/or condrol by con-
trol over the aerodynamic pitching moment of the blades
through BLC,

As examples of the magnitude of the possible benerits which might
be gained through the use of BLc;,the following data are presente-
eds

(a) The maximum forward speed of a typical helicopter,

iimited by the blade stall consldzratlcn; could be increesed
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by soms 35 mph by delaying the retresting blade stslling angle
of atiegk by only 5 degress, using boundary laysr control.
Prasent wind tunncl tests have shown that t’.hc blade stalling
angle gan he incremsed by as much as 13 to 17 degrees quite
eaniily through the une of BLC. It appsars possible, thers-
fors, that ALC could be expected to almost entirely eliminate
the binde stall limitation on forward speed of some helicopters.
“(3) In the hovering dmdtuen. about 35% of the engine power
delivered to the rotor is used {n overcoming the profile dreg
of t-hi Mt«‘ biades:. Many previous ind current researches
have mm that BLC ean rcduea the proruc drag of an airfoil
by seme 4O or more. A drag reducticn on the rotor biades of
this magnitude would result in a tota) hovering power saving
of 134 or more, permitting the carrying of larger payloads by
the same alreraft.

1t {¢ apparent from the above that the gains in perfor-
sanee of the helicopter which may reasonadbly be expected to
acerue from praciical RBLC application are éxtremely worthy
ot n@\\n\‘
METHOD OF APTROACH

1\ WAy seqevsary at thi ataet, of course, to umua‘
3 PR of aeiiom dased to 3me extemt om imformatiom availadle
from N’QVM;Q researches iata the swd)lect. Om tke gemersl
whjeet of BAC much work hay deem dene wrich das bdem directed
e fHinenuing alzeraft appiication. Tic work, in almeat its
WALTALY, Bar deen dome oo alefell aecilens waettadle for heli-

she
i
it
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copter use; 1.c., brevious research had been mostly concerned
with the improvement of cambered, flapped airfoils having
aporeciable aerodynamic pitching moments, which cannot be tole-
erated in rotary wing aircraft.

An extensive basic aerodynumic invzestigatign was there-
fore considered essential to the subject program. A two-
dimensional wind-tunnel {nvestication was initiated, and is
continuing, to determine optimum BLC configurations using
three different airfoil sections suitable for helicopter use,
Alrfoil 1ift, drag, and pitching moment measurements are made
under bdboth steady-state and oscillatory eanditions. Results
of this phase of the investigation, which to.date appear very
encouraging, are preserited in following sections of this re- -
port. Flgures 1 and 2 i{llustrate tne wind-tunnel instaf!etld&
used, | A

A parallel portion of the research program curr«itly.mder
¥Ry is the study of means for pumping the BLC air into or out
of the rotor blade in the quantity required. This study will.

. progress from a theoretical, anslytic’ investigation initislly
to & practical pumping unft design for flight test {nsialls~ _
.tion In a typical hellccpter. C T
A third important ph.aae of the program, also jpaing carried
out .c_oncurrent.ly wlth_.,:u},e? serodynamic work, is ihe experimenteal
- determination of blad& ttfuctural configurstioms which will

tolerate the necessary BLC openings in the blade surface and

sub-structure. A section of a blade undergoing test is showmn
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in Figure 3. The immediate goal of this structural research is
the design of rotor biades having the requi red BLC aperfures
and posséssing the necessary structural integrity for flight -
test work on a typical modern h;licopter, the Cessna CH=-l,
fllustrated in Figure 4, '

In addition to these phases, full-scale duct mockup meas-
urements -of airflow mixing {osses through typical slots, and
friction losses within ducts capable ¢f being fittea into hell-
copter blades, are being made as an adjunct to the air pumpingi
power requirements s%udled. A typical mockup used for th!; pur=-
pose is shown in Figure 5.

To date, e{forts have been~pfinclpally concentrated on
the alleviation of rotor blade stall through increase in the
maximum 1ift coefficient of the blade section, This has been
done Lecause of the fact that the present day helicopter is
almost invariably limjted in forward speed bi the retreating
blade stall tonsidzration. It is generally true that as heli-
copters become cleaner aerodynamically and more highly powered,
this already-serious limitation will become a more important
detraction from their capability.

Attenticn is also befng given tc Sther BLC benefits at as
rapid a rate as possible,

RESULTS TO DATE

All wind tunnel work comnleted to date has been on the use

of single suction slots located' in the forward portion of the

"top side of the airfoil. The obJective of this wind tunnel re-
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search 13 the sccummulation of complete data which will permit

establ ishment of design criteria for slot location and config-
uration, suction flow requirements, etc., for optumun.BLC bene-
fits atfm!nimum power expenditure. Much attention has been
paié, gdso, to seeking out any undesirable aerodynamic characte
eristics which might be induced by the use of BLC.

Results of th!§ basic investigation have to date been ex-=
tremely encoﬁraging. Typical improvements to the alrrbil 111t
characteriat!cs are shown {n Fibﬁrcé 6. and 7 for two of the
airroil secticons under consideration. 1t can be seen from Fig=
ure 6 that the stzlling angle of the NACA 0015 airfoil can be

exténddd from the normal 14° to approximately 31°, with & core

.repponding large gain in maximum 11ft coefficient, with the use

of reasonibly low suction quantities. A similar gain, but of
smaller proportions, is obtained from the NACA 632015 section,
which has a much smaller leading edge radius (sharper) than
;he 0015 section.

Many of such tests of various siot locations have pere
mitted the construction of the curves of Figures 8§ and 9 which

findicate the extent of increase of maximum 1ift coefficient

~as & _function of slot location and suction flow dauntlty coef=

ficlent.
It has been found during the suction slot work that the

~major portion of meximum 1ift Increase is obtained at the

iower suction flow quantities; this, of course, is a very de-

sirable characteristic from the power consumption standpoint.,
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Figure 10 is a typical cross plot of increase in maximum lift
coefficlient as a function of suction airflow which shows this

characteristic. 3

At an indication of tﬁe importance of such airfoll per-
formance imorovement as has been shown in wind tunne! tests,
the curve of Figure 11 shows what would be the corresponding
increase in forward spced of a typical helicopter as limited
by blade stall, at an altitude of 10,000'. Normal blade tip
stall onset is indicated at the 13° tip angle of attack; if
the stall is delayed by ELC up to an angle of only 189, it is
noted that a speed gain of 35 mph may be expected, at a reason-
able BLC airflow quantity.

It has been noted during all suctlon-slot tests (slots
located in forward nortion of airfoll) that.th{s type of BLC
has negligible effect on the pitching moment coefficient of
the airfolls tested. This !s extremely {mportant Tor helicop-
ter application to prevent excessive vibration and control
"feedback” arising from a varying, uncontrolled pitching mo-
ment on the rotor blades. y

A characteristic which is undesirable, from the practical
standpoint; arising from the use of BLC is that of the extreme
severity and'suddenness of loss of 1lift following the stall of
an alrfoil, such as a rotor blade, with BLC operating. This
eharacte~1lstic haes beer found to be almost as severe under
oscfliating conditions (such as a helicopter blade undergoes

in forward flight) as s shown by steady state data. See Fig=



nree. Report of First Year's Activities PAGE_ _. 8

CESSNA AIRCRAFT CO.

prerared By SH  .oate T=13=53 REPORT NO..__ . __ .. . .. .

FORM AB4

o sy CMS  uare 7=13-53 | : —
errewEs ® AT HEL ICOPTER DIVISION TDIAT

WICHITA, KANSAS

I'\-QY AYAYA) r

s

ure 12 for graphical indication of this condition.
At this time, such stall characteristics'of a BLC rotor blade

must be considered a factor to be investigated cautiously during
flight test insofar as the total effect on the helicopter {s con-
cernsd. ‘

Drag coefficient data have been obtained on ali suction slot
configurations tested, both with suctiaon on and off. However,
since data on air pumping power, including losses, are not as yet
complete, the profile drag as measured would be misleading if
presented without inclusion of such factors, and no profile drag
data are pre 2nted herein for that reason.

éons!drrable effort has been devoted, during the aerodynamic
research conducted to date, toward the possibility of apply{ng
boundary layer control for airflow separation (stall) prevention
in an intermittent manner; {.e., applyiﬁﬁ ELC only during that
portion ot.the blade azimuth travel in which blade stall is likely
to occur.

Wind tunnel data indicate this to be a definite possibility,
offering a ¢reat saving {n air pugping power required since the
pumping unit might then be permitted to ®"store up suction" during
the major portion of the biade travel, to be released at the pre-

determined critical point.

PROGRAM PLANS FOR SECOND YEAR

During the remaining 12 months of the catract term the pro-

"gram will be directed toward the completion of a prototype flight

test BLC installation in sufficient time to permi{t evaluation in
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flight of the effectiveness of the installation.

Speclifically, this will be carried out in the following phases:

1. Continuation of basic wind turnel research for deter-
mination of optimum BLC configurations, particularly the
porous area suction type or'BLC. This will consist of an
extension of the work done along those ilnes in the pasgt
year, plus the checking of the most pfomislng types in a
higher speed wind=-tunnel to obtain nxlf-scalc Reynolds
Number data.

2. Continuation of experimental structural research into
the effects of BLC openings on the structural integrity
of pract{CaX-constructicn heli{copter rotor blades.

5. Continuai!on of theoretical ék;m!natlon of the BLC
air pumping prbblem, to determine: the general types of
pumping apparatus most promising for use in practical

BLC instsllation on a flight test prototype hellcoptgr,
and to investigate spéclrlc of f=the=-shelf pumping units
which may be adaptable to the Job. Should this survey
show no sujtable production pumping unig available, de~-
sign and construction of a unit fer flight test prote-
type installation will be accomplished,

4, Installation of prototype BLC qgtor blades, both
smallesctle and full-scale, oh ground test stand for
checking the apparatus prior to installation on a heli-
copter for flight xcst.

5. Installation of prototype flight test BLC rotor and
pumping appsratus on the test vehicls.
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6. Flight investigation of the effects of BLC on the pere
formance and flight handling characteristics of the test

hellcopter.

CONCLUSICN

Although a great many problems remain tc be solved, no impene-
-trable barriers appear to stand in the way of improvement of heli-

copter performagce through BLC., Because of the relatikely short dur-
ation of the research sponsored by Contract NONR 898(06), it will not
be possible completely to explore all of the many applications of
BLC to helicopters; the blade stall problem has been given priority
in the present research because of the pressing need for relief from
the limitations imposed cn'helicopters by hlade stall. However,
basic resesrch useful in oiher applications of BLC is being accom~
plished, with the hope of application at the earliest possible iimc.

During the first half of the subjent contract period sufficient
data have been accumulated through wind tunnel researé%. and anaf&s!t
thereof, to indicate that extremely attractive possibilities exist
in the practical application of boundary layer control to helicopter

rotors.
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