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~DEVELOPMENT OF ADVANCED CIRCUL ATION

CONTROL WING HlIGH LIFT AIRFOILS -

Robert J. Englar* and Gregory G. Huson +

STOL Aerodynamics Group, Aircraft Division
David Taylor Naval Ship Research and Devclopmont Center

Bethesda, Maryland 20084

Abstract req-.iired to prevent flcw separation during the high circula-
tion associated with STOL operation. Whereas the 37.5- .-

Recent experimental and flight test proirams have devel- degree slat defiection on~ the 2-D model had proved sufficient,
oped and confirmed the high lift capability of the Circulation the flight demonstrator max~imum deflection was mechanically
Control Wing (OCM) concpt. These CCW airfoils employ limited to 25 degree~i. Therefore, an incrtaird leading edge

* tangetial blowin; of etigint bleed air over circular or near- radius had been addeC to the testhed aircratt and it per-
ccular trailing edges, arid are capable of u~able lift coeff i- formtd quite satisfactorily. However, for cruise flight, it tov
dents triple thoe2 of simple mnechanical flaps. Earlier versions would have to be retracted. A feasible alternative would be to -

of these bMown airfoils made use oi relatively complex leading revise thc mechanical actuator/track system to allow greatei
and trailing edge devices which would have to be retracted deflection.
mechanically for cruise flight. In a continuing progran. to .,

reduce the complexity, site and weight of the CCW system, In order to address these areas of needed improvement, a
sevtral series of advanced CCW airfoils have been developed program h~as been underway since the flight test to develop
which can provide STOL capability for both military and advanced CCW airfoils by reducing the complexity, size and
commercial aircraft using mauch unaller, less complex high lift weight of the ('(W syrtem without penalizing its lift aug-
systems. The papee will describe these 4.onfigurations and pre-
sent the experimental results confirming their aerodynamic a

characteristics, as well as make comparisons t3 previous CCW 0 ML CJ"SLOh.
ad more convenional high fift systems. AIRMOL Q.02 in,

Intrcduction F ~ C-SIN

Thle development of high lift airfoils employing tangential I

blowing over round or near-round traiing edges has been X ~ --

underway at David Taylor Naval Ship R&D Center since \(
1960.0) Recent experimenta and flight test progam( 2-3) ' LE. RADIUS MCKN5 M3 ONLY)

hv alni the high lift and STOL capabilities of this _________________

-'Ckcislatimos tral Wing (CCW) concept. As applied to a
typical fismed-wing aircraft, the concept employs engine ble Fig. I - A-6/CCW Wing- Fold Airfoil Section

irto pneumaatically auswmt the Vas circulation lift, &M (64A006.4/CCW), dSLAT - 37.5% Large Trailing
has geneated section lift coefficicats as much as triple those Edge R~adius , .

of d@Ne mechanical flaps. The applicazioi of this lift to p-o MAA6AKUCMTRP
vide STOL cwAka~ y was flight-verif. in 1979, when a - - I It W.im55 SlTMP
raser Imp radius (0O036 chord) C,:W trailing xlge was &vS"
appled to the win of a NAVY/G~~man A-4 tesbei air- 7

,craft. Fiue I sho'ws the wing-fold airfoil s-ctlon evaluated
twodmwoal prior to the fih~t 4emonstrator develop-
mewt. ftpu 2 reecrd the increased liftlng capability pro- a
vided by the trailing edge bloiwing. The effectiveness of this 2

* round CCW trailig edge in augmienting wing lift resulted in 41.0t
signiflctist MMO pefomanc and. heavy lift potentia A.6 . A
demabad 140 ement increase in usable trimmed lift 5I

* codeffnhs produced reductions oi 35 percent in approach
* qweed, 60 percent in takeoff distance and 65 percent in land- s

ing gwud roll relative to tke standard A-6. Flight speeds as

low at67 kt were achie' ed by the A-6/CCW airraft.]
Tliem flih results confirmed CCW a a simple and effec-

warotion aircraft. Th1e large trailinig edge radius demon-
stratd on the A46/CCW aircraft ensured high lift augmenta-.____~A.
tios bvx was not acceptable from a cruise drag standpoint. It
would either have to be mechanically retrected, or its size I

reduced to the point where the base thickness was nolonaer a 4 4 0 4 6 12 Is 2
pawkty. A sscond problem amu was the leadin- edge dqvice

KCW Proa Managin Asociate Fellow, MIAA Fig. 2 - Lift Characteristics of the NACA 64A008.4/CCW
+ Amoepmc 3otieer; Member, AIA Airol 6 dL.- 37.5%, r/c' 0O.03,55

1Miwb debwA a weta of ad V.5
Gsveni.w ndso son a b pwwk6smia.
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NAGA 17% 111101CRTICAL ANVOI. Det~siled discussion of the chiaracteristics of these tour airfoils
.I~ SA wML COW T1111,1.1111 Mm is given in References 8 ance 9; therefore, only the smallest

radius configuration will be included in the following discus-
$0 t~iC sion of results.

qasa L A-6/CCW Airfoils

06W laX + Is j ILI" 003 Because high performanice aircraft typically emploiy thin-
"T &amI ner sections with sharp trailing edges, a second program was

screwsundertaken to extend the above smaller trailing edgeI.R C0W T.. CCW/Supercritical configurations to these thin airfoils.A.CWTX.
*s PAMOW tU 015 Because of the data base already established for the A-6 air-

5,,foil section, it was selected as the reference thin airfoil. The
~ 8.4-percent airfoil of Figure I was modified to accept the

AR WTLAw . CCW trailing edges showr in Figures 4 and 5. The "small"
radius (r/c' - 0.009) is t he same trailing edge con. iguration W6

used with the supercritical airfoil, while the "mini" radius isFig. 3 -CCW/Supercritical Airfoil Model Geometries half that size, yielding a cruise trailing elge diameter of
0.009c'. Neither of these configurations is intended to be

mentig c~j~ablity Tha pror~n as poceeed i twodim- retracted in cruise, being 1/4 Prnd 1/3l the size of the original .--

tions: (1) to develop an advanced CCW airfoil which would fih-ettalr de h ercal iclraccniua
incrpoatea sallr tailngedg, bowt plnumanda nn- tion uses a simple rotating segment to proidtce 150 degrees of

denlcpte la uak riing edge , be' lwn pe ntur an o n- jet turning arc (as measured from the slot) when aeflected for
existing supercritical airfoil which could replace current state- hinlfrtainto9deesadatrinegehclns
of-the-art wing sections, a" (2) to develop iminroved versions of 0.0178c' in cruise. It thur has a cruise base thickness

of CW whch ae copatale ith xi~ang tin wngs uch slightly less than the small round configuration, !)ut a radit .!-,

as those alreac~y on~ the A-6 and other current high perfor- roughly twice as large for effective jet turninlg. The dual
marc airraft Inbothcase, mintaningaif augentaion radius configuration is in effect a very short chord (0.0k3')*,. ,*

while reducing drag and complexity have been the dominant blw fapwihsvrlmotntdfenc.Itios
goals of the program. The followig sections will discuss the about a lower surface hinge point, with a radius the same as

the small single-radius configuration (0.009c'), and deflects todesign considerations and experimental evaluations involved 9 ere.Teatsraei o tagtlk h ovn
in the development of these airfoils, and compare the perfor- 9 ereTeatsraei o tagtlk h ovn

manc totheearler elaivey cople cc coniguatins. tional blow flap, but is a second mutch larger radius, 0.041c'.

Design Considerations
C

CICW/Supercritical Airfoil gap-0.02c

The above goals appeared to be obtainable by taking______-
advantage of the large leading and trailing edge thickness of a SMA L CCW
typical biutY trailiing edge supercritical airfoil. Not only dcs~
this airfoil sectic' geometry appear quite co'upatilk with the .2lA1CUIEAIFI
nncorpoinati~n of aft plenum, slot and small radius trailing DUAL RADIUS
edge, it also generates tfrt excellent transonic cruise perfor- C
mance afforded by incrTse criltical Mach number and
delayed drag rine. The developmental approach taken was to Fig. 4 - Incorporation of the Small CCW Geometries
combine a typkca proven supercritical section with a set of on the A-6/6AA008.4 Airfoil %
baseline CCW trailing edge parameters closely matching those N.
of the A-6/CCW aircraft. and then experimentally eveduate
the characteristics produced by progressively reducing the
trailing edge sin %~tld t was most compatible with the super-
critical airfeil aft coatiiur, The NASA 17-percent-thick super-
critical airfoil of Reference 7 had been both wind-tunnel -- ,g *lf

tested and flight tcsteci, and therefore had a suitable reference SM* RAIS a-GRT
data base. The airfoil thickness produces a large bluff leadingSML AIUON1'JTOd
edg radius of 4.23-percent chorti, whiuch Lr of suc-h substan-
tial size that It could substitute for a mechanical leacting edge i
device and tbus (Waher simplify the high-lift configuration. 1W FARnACTAKII CWIULARAM WC -0fS CRUW
To parametrically vary the model trailing edge geormtry, the
A-6/CCW design radius-to-chord ratio of 0.0365 was taken asV
a baseline reference value, halved to give r/c' = 0.0 186 and
halved again to give n/c' = 0.0094. The smallest trailing edge MW ADM COFGUTo tW:Uow

.4diameter (O.0l111c') is thus slightly greater than twice the
0.00ec trailing edge thickness of the baseline supercniticid air- I0
foil. These moxd contgirations are shown in Figure 3, where CRUSA.
the pertinent CCW trailiulg edge parameters are also iden- DUAL. RADMS CIMRW 01054s 1
tilled. The termis r, b,, c and c' represent trailing eft: radius, 01 an
jet slot height, origint I baseline airfoil chordlength, and effec-
dye airfoil chordlength including the radius, respectively. Fig. 5 - A-6/CCW Small Trailing Edge Detnll and Parameters

2

k 40

%~ . . . . . . .



This prduce a downstrtamn CC radius larger than the origi-
nal fiht demonstrator, but a cruise trailing edge thickness

- PP, exactly ?he saine as the clean A-6 airfoil, 0.0014c. The second
radius mulds additional jet deflection, so tha. when the flap is
deflected 90 degrees, the maximum jet angle is 122 degrmes,
from the slot. Jet attachment at this deflection should be
enhanced by the larger radius. Two additional blown cosifig-
urations were constructed and tested, and are shown in
Figure 6. The 0.226c blown flap is a Grumman Aerospace
Coi-poration design (see Reference 10) employing a straigbt
afit upper surface and a radius downstream of th,: slot when
t flap is deflected. A second dual radius CCW trailing edge,
configuration 8, has a larger flap chord th~an the first,
intended to produce more lift due to geometric camber when
the blowing is off. Its radii are iticreased (because the hinge
point moves forward) to 0.01 2c' and 0.060c', but the cruise

tafng edge thickness remains 0.0014c. Two additional
dflectior angles have been added: 0 degrees (cruise) and 60 Fig. 7 - Airoil installed in the DTNSRDC 3- x 8-foot

%degrees (interm--diate lift at reduced drag, intended as a Sabsor.~c 2-D Inserts.
tkofconfiguration). The maximum jet turning angles for tsthmasfopeuntltsansmaurd1

12 crerespectively, from the jet cxit plane parallel toth quioinefece5
th e 0ho rd. 0 d g e l p d f e t o s y h s 3 , 9 , a dt m e e rd aon d i o s te is et i eq u a tio ve i ty calre cu e d ro

tion and correction., and monitoring of tunnel two-
NAOW5 CCW. Cr10 I dimensionality were all conducted as reported iii Reference 5

I -SLOT(Appendix A) and Reference 1t.

CRIEResults and Discussion -

1 KO Ff CCW/Supercritical Airfoil

RAP 4-WThe siall radius configuration of Figure 3 was evaluated
over a geontetric angle ot attack range -5 degrees 1 a~ S ~ .

MHUT+ IS degrees. The relatively low freestreamn dyr~tmic pressure -

of t0 psf (Rv = 1.2 x 106) yielded C. valuns up t7 0.40 instead
of the 0. 17 limit mentioned above. Lift data for w slot' height

6g 6- Dual Radius CCW and Blown Flap Configurations of 0,014 in. are presented in Figure 8 as functions of inci-
dence and blowing. If these plots are compared to the state-

Mlention should be made of the design blowing momen- of-the-at A-6/CCW airfoil data of Figure 2. which was run
turn Coefficients, C. (to be defined in the following section).
Expected full settle values are functions of bleed maiss flow
and pressure available and the flight veiocit; (a futiction of
weight, incidence, lift ccu:fficient obtained with blowing, and f

engine vertical thrust component). For the A-,jdCCW flight 4IA
demonstrator using exising bleed fronm its J-52-PSB turbojet
engines, avilaiible C,, ranged up to 0.30. However, since cur- h-C1 ~
rent high performance aircraft may emrloy turbofan engines
with les bleed capability, a limit on available mornentumn for
these engines was estimated to yield 0,0 ItCo< 0. 13. Thus forA"UK
the majority of the thin airfoil small trailing edge data, C, a - SURFACE FLOW
will be limited to approximsately 0. 17. PWAArO

Expb-mental Apparatus and Technique C'14

The 3-ft sVan two-dinsional models described above 4

uere amsnted between the 3- by 8-ft sutonic two- 00
dimensional wall inserts installed in the DTNSRDC 8- by
10-ft Subsonic tunnel (FRem 7). Lift and rmomerit coefficients 0.3

were obtainsed by numerical integration of surface static pres- sic

aura near the mipan as recorded by a 144-port scanivaive C IISA
stm. The drag coefficient was obtaned froin integration of
wake mortAam deficit as oteamared on a fixed wake rake .0%
spanning nearly S-ft front floor to :61ing. All reported foreR- 00It.7
WWd moment coefficients are based on c', since this is Con-

idrdto be the undeflected cruise reference chord. T'he a 2 "A*

valu c' ay diffr from c, the original baseline airfoil t-hord, w dS
in that the slot b loiated at the original tri JAng edge, and Fig. 8 - Variation in Lift with Incidence %t Constant Blowing
thus the new smvall CCW devices extend s, mewhat aft. The for the Small Trailing Edge CCW/Supercitical

mentum coefficien C,~ was calculated as ihVj/(qc) where Airfoil t



at a large slot lit' it and Reynolds num~ber. two trends are Airfoil (dC 1
noticeable. First, the CCW/Supermritical airfoil, with a radius-_ ________ -

only 25 percent as 'arge, produce-, lift that is slightly greater 641-418 (R, 3 N 106) 0.0061 0.330
than the A-6/CCW airfoil at lower a and CO~. since the A-6 Baseline supercritical 0.0084 0. 400)
slat imparts & download under !hese conditions. Second, the SalCW /'=OW4 (x) 0S
undeflected bulbous nose or the supercriticil airfoil providesSmlCW.c .94 .09 045
the same or better leading edge performnice as the A-6 Larte (XW, rC =-0.0366 0.08.3 0.671
model's 37.5-degree slat, yielding almost identical stall angles
at any given Cl. As lift due to camber increases, so does the drag. At equal ,.-

cruise lift, the dl-ag of the 1b.tseline and small CCW airfoil %kill
The apparent deficits in certain of the lift curves (prirnar- be nearly equal. 1bus, the high-lift device of the smnall ,

ily for 6 degrees 1 a 1 12 degrees and C <020) are due to CCW,'Slipercritical airfoil may he left exposed for cruise co)n-
flow sepaation on the supercritical eirfoir cam bered aft upper ditions with essentially no subsonic drag penalty
surface, between the crest and the Alot. (This condition is dis-
cussed in Reference 12 and is not a leading edge separation.) A-6/CCW and Blown Airfoils
The separated flow is re-enirained at higher Cp. and the defi- -

cits disappear. The sam correction should occur at higher Lift Generation
Icynolds numbers. .. %,

The various CCW and blownnfap configurations of Fig-
Drag polars for the small radius airfoil at low blowing ur,!s 4, 5, and 6 were evaluaied extensively over a range of

v'alues ame compared in Figfure 9 with the basclne 17-percent subsonic dynamic pressure, angle of attack, and jet slot
supercritical airfoil. The drag values of the baseline airfoil are height. The data comparisons that follow are intended pri-
slightly lower than those of the CCW/supek-ctiticl airfoil marily to Ehow the effect of the configuration~ geometry
with no blowing (ACd - 0.0006 at as = 0 degrees); however, changes on lift augmentation in the moderate blowing range *5

the drag of the CCW airfoil can be r-.duced to tisat of the of CP < 0.17. It should be noted that white the original large
baseline airfoil by blowing at 0 .003 for a J 6 degrees, radius ,i-6/CCW was tested with a 37.5-degree slat deflection
typical values for cruise incidence. Additional biowing will to keep flow attached at high circulation levels associated
reduce the drag even further, but an analysis of engine thi ust with C. up to 0.30, the majority of the current tests were
loss due to bleed required needs to be considered, conducted with a s'at deflcoion of 25 degrees and 0.02c gap.

For x 06 nd - 0degees unlowndra vaues This is the slat setting on the production A-6, and was orig-
For ,=2x 16 an. - derees unlow dra vaues inally thought to be more appropriate for the lower blowing

for the small radius and a Lar;e radius CCW/Supercnitical levels. This choice did not prove appropriate in certain cases, -.

airfoil ame compared with both the baselite supercritical and a as will be discussed later.
typical sharp trailing edge airfoil in the fcilowing chart:--

Lift resulting from blowing at constant geometric ani,.e of
attack is shown in Figures 10-13 for the single-radius CCW-

I rlc'0.004

123.0, * 0.2c o
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Fig. I I -Lift Due to Blowing for the Small Radius Fig. 13 - Lift Due to Blowing for the 150' Circular Arc
A-6/CCW Airfoil A-6/CCW Airfoil

in Figures 11-13 that as the lift coefficient approasches 4 at
constant C , stall occurs at the higher incidences, indicatingj separation at these circulation lc,,els.

r The tavorable effect of increastd trailing edge radius is
further emphasized in Figures 14 and 15 for the two dual

"U radius configurations. In Figure 14, the radius immediately
-~ downstream of the blowing slot is the same as in F~igure 11,.1 but the enlarged second radius is very effective i turning the

Is
on 41.414 GLBt ttV i

FIg. 12- Lift Due to Blowing for the 96* Circular Arc i

A-6/CCW Airfoild .

conframtios. Greatest lift prior to -tall is generated by the 2.0

130-degree circular arc, which has the largest radius.
Apparenty ISO degrees of jet totrning surface is sufficient to 1

keep the Jet attached for this =rvg of blowing; and lift.
However, the redaced lift produced by the same radius with 1 -5Ptf-.%0
only 96 degrees of turning Implies that more turning arc is &A-26.02cg
required. For the three round CCW traiing edges with ade-
quote turning arc, lift generation is reduced as radius
docreses. For the smalles radius (Figre 10) lift maxima%
occur at about C,. - 0.04, and aupnentation beyond that is
teeherd. Thi samw trend was noted in References 8 and 9 for .0L 0400 .06 0.0A20.401

the anall radius s, eritica airfoil, once certain pressure C _

to" were aoded. In F~gur 10, that presure ratio for the
mW radius Is about 1.4 to 1.5, but was coriierably higher Fig. 14 - Lift Due to Blowing for Dual Radius CCW
fbr the CCW/Supocritical section twice the radius. Note uAso Configuration A, cf='0.0223c'

5
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A-6 High Lift Airfoil Comparison the configurations shown offer significant operational im-
provement. To serve as a reference to the actual airplane, the

A summary comparison of all the above A-6 high lift con- single-slotted semi-Fowler flap (cf = 0.30c) employed on the
figurations is presented in Figure 18 for a typical geometric A-6 was also tested in connection with the Grumman test of
incidence of 9 degrees. The large radius CCW airfoil data Reference 10. For C. in the range of 0.05 or greater, all
from Figure 2 have been adjusted to 25-degree slat deflection CCW airfoils tested exceed the mechanical flap's capability
as a basis tor comparison. Only the two dual radii contigura- except for the mini radius configuration. Figure 19 shows a
tions are superior to the origina large configuration in lift, similar compariscm for a = 3 degrees, and includes the 0.226c
and they fall below the large surface at higher C because the blown flap configurationlt O). The leading edge stall problem
jet reaches the maximum turning anigle (= 123 degrees). For is now avoided at the lower incidence, and the dual radius
the full-round large CCW, jet turning can continue on to 150 exceeds its Figure 18 performance at higher blowing. Both the
degrees or more. However, from a mechanization anA. drag 60-degree dual radius and the 6.226c blown flap behave in the

standpoint, this large CCW is impractical, and thus most of typical blown flap manner: once flow is turned to the flap
* upper surface angle, the lift variation becomes nearly linear

with CP, instead of the parabolic function typical of a round
CCW. For C > 0.026, the 90-degree flap dual radius exceeds
the 0.226c blown flap lift, even though it is less than 1/6 the

chord length. The blown flap is superior at low and no blow-
,.0 - ing due to the extra camber produced by its longer chord

length. All three of the CCW configurations can double the
3.1 -lift of the baseline single-slotted flap in the C~ < 0. 16 range;

the 0.226c iNown flap can not.

Lift variation with angle of attack is shown 'n Figure 20
FOWLER FLAP. 4- for the larger-flap dual radius CCW. The effect of leading

edge stall is apparent at higher C The variation in *sta!l
I I RADIUS with lift for the 37.5-degree slat deflecion (from Figure 2) is

2A u -O-l ,. also plotted, and the present data are extrapolated to that line

It3ll T-. SO* WO to show the effect of keeping the flow attached. At
hmm, amyn hL C = 0. 125, stall progresses from &S =3.7 degrees and CL = 4.7

So e - 'with the 25-degree slat to a.= 11.5 degrees and Ct = 5.2 with
1.8aau~ the 37.5 degree slat. For compaio, the clean A-6 airfoil

&MM and single-slotted flap A-6 airfoil data are shown- they were

0 . recorded in conjunction with the Grumman tests of Refer-

OAKd i ---- h'W I eve 10, but at q = 35 psf and R, = 2 .2 x 106, which may
el @A explain why the stall angle somewhat exceeds the existing

an L"& Lf 1 a t a", a" 25-degre do curve. At a usable 2-D incidence of 9 degrees,

t he dual rdius airfoil with 37.5-degree slat and C.=0. 125
C t will yied C = 5.2 compared to 2.6 for the bowline mechan-

Fig. 18 - Comparative Blown Lift Configurations ical flap. Comparing the dual radius data of Figure 20
(extrapolated for the flow-attaching 37.5-degree slat) to the
originl large chord A-6/CCW airfoil of Figure 2 shows sig-
nificant improvement in Eft over the whole range of blowing

at les up to CM = 0.l12 5.
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Fig. 21- Lift at Higher 1lowing Rates F~.22. DWa Polars at Constant Wlowing for Dual Radius
CCW Configuration A, cf-O.OZ23c'

1h1M re of etending the awailabie blowing rag was Qh-M Sa INVrU

Inelgtdbyrduigthe dynamic Prere to 10 pef so a,&- - 16
thaet available prasm and ass flow would yied hishrs c.
Fkgur 21 shows the high lift obtained by the large-chord 4
dual reai CCW in comparison to fth CCW/Superricai U

ifail. Because t secondary radus exceeds that of the a
uparutlcal airfl, s also does the lift. Tie ummatsem of

Cqapraadhn I at 0 digr .,s iniec appear 4w"t pro-
-lii sholhe -nrae CO, be available. In these higher -s

blowing ranges, lift it nearly a linear function of C~ for eitheaa
blown flop or full-round CCW trailing edge.

Drag uvt Pitchin Moen with Blwin as-

Dr's pours at cosatC we shown in Figuire 22 for the i
sloer-flop "ua raius CCW'configurotin A, but fth trends
am sialr for the other CCW geometries. In seneral. for a -

cosant i hncres in C1, results, in reduced drag s thrust is c,-sm
reovere Vrm the jet itself. in this figure, the inita hish%
drag levels at low C and wnieneae due to the 90-degre *1

flip asid separated 1Xow on the slat lower surface (at no blow-
in anda -0 degmes, it's ogPrain at -25 degrees local lao-U
doe.) iGs dfita are of owne 2-D vahses and do not -.

addresthe3 iduced drag component due to lift, which 54 4 4 -.- 15-2-A

wig eom h d mra drag valuse for finite win con-

Fig. 23 - Pitching Moinent of the Dual Radius CCW
Flpur 23 depicts qmarter-chcwrd pchin's moen Conigraio B C.-.o3

wit lIft s a function of bliriab icidence for the' arge dual
radim confgigurtion B. lift geneatedby incresain blowing

at Coti ince yields sreaer nose-own monmt due to lowing-off Comparison
increas Is beyndi 3 degrees at coastant $7 yield lesser A major design goal of an improved high lift aL-foil was
ame-down moment dm to 11"V4g edge "it~ peaks. A to minimize any cruise drag penalty. Thle various A-6 blown
oumbhn with the other CCW data sho*: vwy y Ima airfoils tasted above ame compared in their dean conhigura-

treads but Indicates that for the smce a and Qj, the smanler dions in Figure 24, where st, flap and circular arc trailing I,
madis wIN yel mre nose-down pitch, again due to grea edge were nrected; small! and nm CCW trailingl edges were
traili edge sucdon peaks. Similar nose-down pitch levels left deployedP, but the slat was retracted. The dean blown flap
were' *r W, with modikfition to the existng stabilizer on is considered to be the same configuration as the clean cruise
the A-6/CCW flub desnetMrator. &airol. As the CCW trailing edge thickness increased, so also

%S
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11'

di kppu, Ia shw by th dun 111h4Jl. The on eap hihs dra levels of the above configurations. As i. final *,

tim isa .. ia raiu configslca.l whose lag secondary omarison, the unacceptable unbiown drag of the original .; .
radhom in a I~' asar-sa trTdil edge, thus avoiding larg chord CCW of igure 1 is shown. All airfoils tested i
aft suf l ow seutiam. In face, for CA ) 0.5, the dual Imroe on thi configuration. The u,';nimum drag of the
r',m yla.dsd lleu din thus the c€-as itoil, probably 9f ege flap 'aal radius CCW i, about 40% that of the ;..
became the cam airfo i required highar agl of attack to lage radius and occurs at much higher Cj. At the same C.L...,
rm~ the -m Cj. (say t.0), the u0ablown dual radius drag is 25 percent of the ""

larg radius, ai4. less at higher Q/. in general, the drag levels .-.
The effect of dieflectiag the f'isp on the 16fl0o5 cosifiura- of these small L~ilingl edges show coos~derable iniprovemeuit '-.

tlim wiha bl n la ' in igur 25; this comparison oer those of ?' orginal larger tniling edge radius. "-'

canditloe should a total blwn failure ocr. Increain aft
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Caisc~ons and Rfl dtin vide a large turninl; radius. arc lenigth and jet turning anigle
accomapanied b) a very simple conversions to a nea.

A res of reduce-sine COM traiing edge configurations conventionali cruise aitfoil.
he been developed anid subsonically evaluatted in a program
to ree fte complextity. size and weight of the CCW high The above data conflrm tie subsonic feasibility of two

ftsse.while maintaining the high lift previously Senier- families of improved CCW airfoils to generate excellent
ae ad reducing or elsminting the utiblown cruise drag STOL performance wihh little or no cruise penalty and with-

paemcy of the thick nallfw- edge. The follouiiag conchasions out the weight, complexity and size of conventional mechan-
rembed froma Lhsa k'~stibatlons: ical or powere high lift systems. The remaining unknown is

the effect of the trailng edge geometries on the airtoil
A mwnl round trai"n edge could be incorporate A ito characteristics in hiqh subsonic or transonic flow. This con-

the exit aft contour of a thick supercrtical airfoil. On this cern will be addressed in transonic 2-D wind tunnel investi-
airfoil, a rdiu 1/4 the.-*= of the original A-6/CCW airfoil gatkim which are now planned in 'order to complete the
(tc' -0.065) ypfelded A"l greater laft, producing lift coef- 0TNSRDC program for development of these advroced air- .-

ficients near 7 at & mn0 degres nd Cp <0.5. Furthermore the. foils.
larg ndeflected beading edge "~us of the supercritical air-
foil provided the sme bading edge stall preventiori as did the References,
37.5-degre lAt of the A46/CCW.

1. Englar R.J.. et al., "Circulation Control - An Updated
* me dreg was sufficiently reduced by the suaJ! trailing ';ibliography of DT NSRDC Research and SeLecied Outside

edge radus, so that umblown sumani C was nerly the Refierences," DTNSRDC Report 77-M06 (Sept 1977).
-me as the belhe puciia arfoil, or could The reduced

to Iss than the baeebne by a minimal amount of blowing. 2. Englar. R.J., et al., "Design of the Circulation Control
Wing STOL Demonstrator Aircraft." AIAA Pape No.

*Of the single-radius CCW configurations applied to the 79-1842 presented at the AIAA Aircraft Systems and Tech-
thin A-6 airfoi section, the largest radii produced the greatest nolog Mrnting, New York (Aug 1979). Republished in AIAA
lift, as lorg as thee wes sufficient arc length to naintain jet Journal of Aircraft, Vol. 18, No. 1. pp 51-38 (Jan 1961).

trng(150 degree was sufficint, 96fdegrees prnidmi ~ess
lIft). Too sml a rais produced lift reduictions after a cer- 3. Pugliese, A.J. and R.J. Englar, "Flight Testing the Circu-
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at& -0 d'ress Cjgremwrth=7weageneratedby CM Report ASED-79/01 (Jan 1979). --
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1975).
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OCW mid a OZc bWow flop. In the claw conifigaration an Advanced Cicubsion Control W-ing System for Navy
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Lou from the cruise to high lift modei by initiation of blow- Report ASED-81/08 (Mar 1961).
hag

9. Englar, R.J., "Development of an Advanced No-Moving
e A thiner high performance CCW airfoil with a small- Parts High-Lift: Airfoil" Paper ICAS-82-6.5.4 in Proceedings

chord dim! radius fILp and soae type (blown or mechaniucal) of ICAS/AtAA Aircraft System and Technology Conference,
Of effctive Lsding es device. The flap geometry would Seattle (22-27 Aug 1962).
povide no cruise penalty (actually the availability of a blow- -

ing dot for maneuzverabillity or cruise drag reducton could be 10. Grumman Aerospace Corporation Report No. WS-128
quit benefadie), and its larger secondary radius would pro- (t-R.4, Vol. 1, "Wind Tunnel Test Report - 2! NSRDC
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;.: i, aoWkKV, TEMPORA RY , O PROPRIETA RY NATURE O R OF LIM ITFL INTEREST O R SIGNIFICANCE.I' THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IENTIFICATION.

& TEWNICAL MEMORANUA AN INFORMAL SERIES. CONTAIN TEC14NICAL DOCUMENTATION
, .' O F L I ITE D U S E A N D IN T E R E S T . IE N A R .. P R IM A R IL Y W O R K IN U P A ER S IN T E N D E D F O R IN -

TERNAL USE. aIE CARRY AM Dr, WIFYI11-a NUMBER "HOCH !NOICATES THE.'R TYPE AND THE
~NUMERICAL CODE OF THE URIGINATING D -ARTIWENT. ANY D!STRI8UTIC6N 00'I'SE DTNSRCMJST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
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