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Part 1; The Wind Tunnel Model Design and Fabrication of
Cal Poly’s AMELIA 10 Foot Span Hybrid Wing-Body Low
Noise CESTOL Aircraft
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California Polytechnic State University, San Luis Obispa, CA, 93407

Robert ). Englar® end Richard J. Gaeta®
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and
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A collaboration between California Pelytechmic Corporatlon with Georgla Tech
Research Instltute (GTRI) and IXHC Engineering worked on a NASA NRA ¢ develop
predictive capabilities for the design end performance of Crulse Eficient, Short Take-OMF
and Landing (CESTOL) subsonic sircraft, In addition, a large scale wind tunnel effort to
validate these predictive capaebilities for this NRA for aerodynamic end scoustic
performance during tekecdl aod landing has been undertaken. The medel, Advanced Model
for Extreme Lift and Improved Aeroaconstles (AMELIA), was designed as 3 1) passenger,
N+2 geoerntion, regional, crulse efficlent short takeoff and land [(CESTOL) airlner with
hybrid blended wing-body with circulation control and upper surface blowing. The model
design was focused on fuel-savings and noise gosls set out by the WASA N+Z definlilon. The
AMELIA has & 10 ft wing apan. PatersonLabs was ¢hasen t¢ bulld AMELIA. The National
Full-Scale Aerodynamic Complex (NFAC) 40 ft by 8¢ ft wind tunncl was chosen to perform
the larpe-scale wind tunoel test in the summer of 2011,

1. Introductlon

ith the very recent advent of MASA’s Environmentally Responsible Avistion Project {ERA)', dedicated 1o

designing aircraft that will reduce the impact of aviation on the eovironment, there is a need for research and
development of methadologies 1o minimize fuel burm, emission, and a reduction in community noise produced by
regional airlines. ERA {5 specifically concentratitiy in the aroas of airframe technology, propudsion technology, and
vehicle systems integration all in the time frame fur the aircraft o be at a Technology Readiness Lovel (TRL) of 4.6
by the year of 2020 {deemed N+2). The proceeding project looking into similar {ssucs was led by WASA s Subsonic
Fixed Wing Project and fucused on conducting research to improve predictivn methods and technalogies that will
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preduce lower noise, lower emissions, and higher performing subsonic sireraft for the Next Generation Air
Transpontation System.

The work provided in this investigation was sn NRA funded by Subsonic Fixed Wing Project starting in 2007
with a specific goal of conducting a larwe scale wind tunnel test along with the development of new and improved
predictive codes for the advanced powered-tift concepts. These concepts pre incorpotated into the wind tunncl
radde] amd in conjunction with the verification of these codes by the experimental investigation an experimental data
base will be obtained during the wind tunnel test. Powered-lift concepts investigated are Circulation Control (CC)
wing in conjunclion with over the wing mounted engines to entrain the exhaust to further increase the Jift generaled
by CC technologies alone.

There arz a number of papers in the past few years presenting computational studies of CC technologies, bMost
of them have focus on 20 studies,”" While there are a number of excellert 20 experimental datasets available for
such CFD validation™ ", the same iy not true for 3D experimental data’. This effort aims o address this short fall
by creating a8 comprehensive and relevant 3D database for curent and futuee 3D simulations. Experimental
measurements included in the detabaze will be forces and moments, sutface pressure disiributions, local skin
friction, boundary and shear layer welocity profiles, far-field acoustic data and neise signaturss from lurbofan
propulsion simutators. This paper focuses on designing and developing & model with NASA's W+2 poals for less
environmental impact 85 well as the fabrication of a full span wind tunnel medel 10 be used to create the 3D
validation database for numerical simulations. Specifically, the modsl was designed as a 1)) passenger, regional,
cruise efficient short takeoff and land (CESTOL) sitliner with hybrid blended wing-body with circulation control,
The configuration was developed by David Hall and refined by Cal Poly. The wind tunnel model was sized by the
NRA and the size ol available wind tunnels, which scaled the model to g 10 ft span.  The resulting design is the
Advanced Model for Extreme Lift and Improved Aeroacoustics (AMELIA) and is the subject of two companion
papers. Part | of this paper will describe the conceprual designs considered for this project, the selecled
configuration adapted for a wind munnel model, the internal configuration of AMELIA, and the experimental
measurements chosen in order to satisfy the requirement of obtaining an cxperimental measurement database. Part 2
of this paper (Preparation for Wind Tunnel Model Testing and Verification of Cal Pely's AMELIA 10 Foot Span
Hybrid Wing-Body Low Noise CESTOL Aircraft) for a full description the progress of the larga-scale wind tunnel
test along with the experimental techniques that will be employed during the test, Please see Refs. 19-24 for mors
details on the predicted petformance of this CESTOL aircraft elong with the improvements of the predictive codes.

1I. AMEL!IA Design Considerations

NASA is committed to identifying solutions thal meet improvement goals for noise, emissions, and energy usage
{fuel burn). They have classified the N+2 design metrics as a4 40% roduction in fuel consumption, progress towards
-4 dB lower noise levels, a 70% decrease in smissions, and a 50% reduction in field length performance over
curtent generation aircrafts, Theoretically the aireraft should reach a Techoology Readiness Level {TRL} of 4-6 by
the year 2020, Dave Hall a1 DHC Engineering submitted conceptual desipns of four separate configurationy to
address the W+2 goals with a down selection by Cal Poly o ong favorable configuration.

A. Cenceptual Desipns Considered

Four CESTOL confipurations were develeped for consideration for the large-scale wind tunncl test. The first -
Configuration | — hes the most conventional appearance, in thal it employs the tube-and-wing layout. This
configuration utilizes a high aspect ratio wing along with a ctuciform tail. Utilizing over the wing mounled engines
upper surface blowing is provided, which when combined with circulation control at the trailing edge, creates the
powered lift necessary for short takeoff and landing, The inbeard section of the wing was specifically designed to
enhance flow wming ability during these flight segments. An isometric view of Configuration 1 is provided in
Fig. 1.

2
American Institute of Aeronautics and Astronautics



Figure 1. Configuration 1 is comprised of
B high aspect ratio wing, vver the wing
cngines, circulation control at the krailing
cdpe and a cruciform tail,

Flpure 2. Configuration 2 ufilizes =a
hybrid blended wing body, over the wing
mounted engines, » ¥Y-tail and elr¢ulation
control at the leading wnd traillng edge of
the winga.

Drastically different from the first, the second configuration
lizes 8 Hybrid blended-Wing-Body {HWB). Upper surface
owing coupled with leading and trailing edge blowing for
tculation control provides powered lift system. The aft fuselage
moinates in a beaver tail, where a structural dorzal provides
lditional structura] support. Configuration 2, shown in Fig 2,
nploys a Vil in conjunction with aft fuselage strakes to aid in
¥w atlachment.

The third configuration was inspired by recent interest in an
reraft utilizing a true Blended-Wing-Body (BWB), This aircraft
meepl is a significant departure from the first fwe aircraft designs
that the two nerbofan engines are embedded within the very thick
ing root; thia can be seen in Fig. 3. The exhuust discharges through
high aspect ratic 2-I} nozzle al the trailing edge ol the vehicle, The

intent iz not only to produce thrust through this nozzle throughout
the flight but to create increased flow circulation arcund the aircraft
generating additional lft during takeof! and landing.

The finel and most complexs design is shown in Fig. 4, termed
the Diamaond-Wing-Body (DWB). [t may be thought of as a Joined-
Wing with a vertical structural member joining the fore and aft
wings at the outer span points. The intent is to improve local air
fiow and mitigaie shock lvrmation al high subsonic Mach nuinbers.
These vertical members are mors like winglip suils than winglets
and act structurally as struts, The forward wing sweeps afl, and the
aft wing sweeps forward forming a diamond planform shape in the
top view. Both wings have a high aspect ratic. The propulsion
system is a medinm-sized geared nurbofan enging mounted within a
channel wing.

Afer close consideration of each design, it was apparent that
Configuration | was too conventional to be considersd an N+2
design. Confipuration 4, on the other hand, was wo advanced 1o be
considered within an W+2 timeframe, A large scale wind tunnel test,
being conducted by a competing WRA utilized a test model that was
gimilar v Configuration 3 in that it was a blended wing body with
circulation control' Configuration 2 wes considered to be at the
appropriate level for the N+2 time frame. Further investigations into
thiz design elso showed that a 10" span model based on
Configuration 2 would not exceed the losd lmits of all our
perspectlive test locations. After consulting all involved in this
praject, it was decided that Configuration Z—the Hybrid blended-

Figure 3. Configuration 3 is a cemplete blended wing body  Figure 4. Conflguration 4 utilizes a high

with embedded engines.

aspect ratin wing, in » diamond wing
configuration.
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Wing-Body—was best suiled for the AMELIA test. Figure 5 shows a rendering of Configuration 2 in flight after

Figure &, The final design iteration of Conlfiguration 2; AMELIA’s Tull scate conceptual model in flight
ahove Hawail,

many design refingment iterations,

B. AMELIA Design Featores

In order to utilize the Configuration 2 geometry in a large-scale wind mnmel test setting, many design
modifications were negded. The most significant alteration to the geometry came in the mounling system of the
wind munnel medel. A sting was chosen as the ideal method to measure aerodynumic forces and moments, mainly for
its ability to take measurements non-intrusively. Direct mounting of the modet to the siing through the aft end raized
concerns with disturbing the flow arcund the beaver ail. An underbody mount was designed to provide an
attachment location with minimal flow disturbance. The mount iz fzired with & clamshel] blade that extends
vertically from the sting tip. The blade mount aiso serves to extend the nepative angle of attach limir, Figure § shows
a thtee view drawing of the model mounted to the blade attachment with empennage removed and relevant
dimenzions shown, The tail empenpage is not shown in the three-view because it will not be atlached to the model
during the majority of the testing, due to the fact that the main (ocus of the testing is on aercacoustic and
perodynamic measurements of the power lift system. The strakes, structural radder and V-tail a5 seen in Fig. 5 were
manufacturcd in order lo supplement subscquent research and testing, These surfaces attach to the model via off
blocks.

The selected configuration utilizes an oplimized yupercritical airfod with a dual radius flap at the trailing
edgﬂ“. In order to minimize cost and complexity of the mode], dual radivs flaps of 0°, 10°, 60* and 90 deflections
were proposed o be manufhctured, as opposed 1o a mechanical flap where the deflection angle can be varied. The
¥ flap deflection was later changed to B0" due to issues with the munulacturing of the flap with the appropriate
blowing slot height. The flaps of the Configuration 2 design wete also modified to be a single continuous flap for
cach wing, in order to reduce the amount of flow disturbance from discontinuilies of the flap surface as wetl gs
allowing for less complicated configuration changes while the model is mounted on Lhe sting. A cut awny view of
the model, with the 0° and 80° flap, is shown in Fig. 7. Figure 7 also highlights many of AMELIA's unique
features, such as the internal flow contro] systems, the balance block, and the support structure for the over the wing
mounted engines.

b9,20
1
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*Nota: All Dimensions In Inchas
Figure 6. A threc-vicw drawling of AMELIA with sting-blade attachment and tail surfaces removed.

Figure 7. A section view of AMELIA, revealing the complex internal components highlighting the flow aystem
for the powered lift system and the flow-though halsnce,

. High and Low Pressure Alr Systems
Plumbing far premssureized-heated air enters the model though the sting-blade attachment supplying the
necessary high and lower pressure air for the powersd lift system. The larger blue fixture shown at the bottom of the

5
Amercan Institute of Acromautics and Astronautics



schematic in Fig. 7 is the entry point for the high-pressure air required to power the Turbine Propulsion Simulator
{TPS} units, This system (600 psi meximum determined by the limits of the flow through balance provided by the
Triumph Growp) first travels through the NFAC provided sting into the fabricated sting-blade attachment making
two appruximately %0 turns befare entering the 87 flow though balance. On the downsiream side of the balance a
separate Mow contral plenum and system regulates the air fow to the left and right TPS units, The airflow s
adjusted using conical plugs that can be romotely controlled while the munne) i3 in operation. The conical plugs are
driven using MMP 24vde gearmoters, and use linear potentiometers for position feedback. The plugs can be
pasitioned to provide from 0-100% mass flow. The TPS unit tlow is supplied through stainless steel pipes that attach
1o wing mounted pylons. Figure 8a shows the complete piping and mass flow control plepum for the high pressure
aiir system along with the sting-blade attachment while 8b is a head on view of the downatream flow conwrol sysiem
highlighting the staggeted plumping layout necessary to rout the pressurized line te each of the TPS unils.

Figurc 8. A schemntic of the high pressure air system where {a) shows the complete sysiem from mode]
entry to the TPS units and (b) shuws a head on view of the downsiream mass flow control system.

The low pressute system (approximately 100 psi) will be used to supply the air to the plenums that feed the slots
at the leading snd trinling edges for the circulation control wing. This system is fed via & pipe avtached to the
underside of the sting arm, which connects to the blade body. Air mevels up the blade where it is split into the left
and right wings allowing far the conversion of non-metric to metric lo be made though & two bellows systern. Once
the flow becomes metric on each wing the air is dispersed into lew pressure plepum, shown purple in Fig. 9a and h.
Each low pressure plenum consists of four buteerfly valves controlled via 24wilc gear motors, with retary pots for
feedback allowing each of the slot plenums separate flow control from $-100%. The flow ta each slot plenums will
be remotely controlled allowing for quick respunse time during tunnel operation.

Figure 9. A schematic of the low pressure wir system where () shows the comuplete aystem for the left wing
Including the plenums and plumping thought ke sting blade attachment and (h) shows the structare for the
Internal mass flow contrel system For each of the four slot plenums In the Lleft wing.
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I}, Turbine Propulsion Simulatoers

The turbine prepulsion simulators were incorporated in the wind tunnel model as an atlempt to replicate the
exhaust flow of a rbofan engine. One of the primary rescarch vbjects in this investipation is the abiliry (2 entrain
engine exhaust from vpper surface blowing with the flow from the circulation control wing. A5 a mesps to evaluate
this enirainment ability, bwo scparate engine heights will be investigated during testing. Height adjustments will bo
campleted using faired structural pylons. ™ These pylons also act Bs pressure vessels within which the high
pressure air is fed to the TPS units. Altering the mode] for engine height adjustments is projected to be the most time
consuming modification and therefore will be kept to a minimum to decrease tire in (he lunncl.

The turkine propulsion simulators are TDI model 441 simulators on loan from WASA Langley. [nternal 1o the
441, compreéssed git powers a Lhree stage turbine, which drives
the two stage fun. The units are capable of producing 175 Ibs of
thrust, at 6.5 Ib/'s wotal mass flow rate. The TPS units are heavily
instrumented with thermaocouples, el probes, and static pons,
en accelerometer, and a RPM pick-up in order to permit
thorough health monitoring during testing. In the case of @ TPS
unit failure, one back-up TPS unit has also been reconditioned
and will be fined with a nacells and instrumentation.
Additionally, the TPS will never be operated at its maximum
operating condition; it i projected that the running the units at a
derated value (approximatsly 30%) will extend the life of each
unit.

Cal Poly has obtained the rights to barrow a controller from
WASA Ames compelible with the 441 TPS units. The controller
iz LabVIEW based and will be capable of operating two TPS
urits simultanegusly. The controller should be functional be
garly 2011. A basic everview ol the controller wiring iz piven
hete: the simulator bearing (thermocouple leads, rpm leads, and
accelerometer leads for the two simulators is comnected o an
andlog input card through to the frone of the console, A oil
How xignal and an oil flow control line from a separate
lubrication cart is connected o the console. The console
provides two gutput leads thal can be used 0 trigger shutdown
of an external air supply system if health limirts are exceeded.
Figure 1. A photograph of the Model 441 TS During nominal operation, dedicated persenal will set (he air
unit installed in the nacelle mownted on  syupply pressure as a function of rpm and will remain in the loop
AMELIA. while the TPS is in operation as (he safety officer.

E. Circulatlon Contrel Flemums

Circulation controi flow is delivered o the upper surface of the wing vin eight separate plenums at the leading
and Irailing edges. Supplied by the low pressure system, each plenum has ooe small enirance which creates an
uneven pressure distribution and varticular flow. In order w reduce this complex fow, 8 thin partition of gluminum
foamn is uscd as a flow siraightener and 8 means 1o achieve constant back pressure along the length of the plenum.
Downstream of the aluminum feam is a converging nozzle. The throat of the nozzle varies in size {proportionally
with the plenum) along the spanwise direction. Each slot plenum is instrumented with three pilot probes to measore
the internal pressure o insure the plenum i3 at conatant pressure during operation. Figure 11 shows a cross section of
the lzading and trailing edge plenums with the metsl foam placement for scale,

In the past circulation control experiments have had issues with accurately predicting the flow has been precise
knowledge of the slot height under pressure. The height of the circulation control slot is an important factor io the
calculation of momentum coefficient, which is used widely in circulation centrol analysis. Values for slot height are
typically known to sufficient fidelity post manufacouring, however under pressure slot height can vary by a larze
factor. Successful application of a capacitance based slot heighl measurement device st NASA Glenn, lead us to
belicve that this technique may work well for the AMELIA model as well. The device iz called the Capacitec
GAFMAN, and utilizes 3 flexible wand, which can be taped to the lower surface of the slotupper surface of the flap
50 that measurements can be made during testing. The calibration will include a thorough investigation of the use of
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eluminum foam to provide flow straightening and uniform pressure. Each plenum will be calibrated and pressurized
scparatcly. With the model arriving at Cal Pely in the next month, one of the top priorities will be calibration of the
slot flaw.

Figure 11. A& schematlc showing the cross section of {a) the leading and (b} the trailing edge plenums
highlighting the meat foam flow strsighter placement.

F. Flow-Throuph Balance

The MC-130-8.00-Ai air balance will be utilized for the large scale wind tunnel test. The balance iz being
provided and calibrated by the Triumph Grovp, This particular balance is capable of operating with rwo separate
flow systems at a maximum of 13 /s at 607 psi. AMELIA will be utilizing only one flow system for the high
pressure portion of the powered {ift system, Table 1 details the ariginal maximum allowable loads for the MC-130-
§.00-4A1 gir balance, where all expected loady for AMELIA are within the allowable limits,

Table 1, Original specifications for the MC-130-8.00-Ai air balance rated capacities (measured at the center
of the balence)

Normal Fitching Side Yawing Ralling Axial
Moment Moment Moment
Force (NF) { P Force (SF} [YM) {RM) Force (AF)
Lbhs in-1bs Lbs in-lbs in-bs Lbs
13,000 107,250 3,000 18,000 32,000 500

III. AMELIA Insirumentation

The purpose of AMELIA is to provide both aerpacoustic and acrodynamic measurements (o be used for current
and furare modeling validation efforts. Therefore it’s imperative that the model be highly instrutnented in erder to
capture the maximum amount of flow physics possible for our given budget and timeline. Almuest all instrumentation
ptacement oceurs on the lelt wing and was chosen based on preliminary CFD results. Figure 12 is a half-span
schematic of the model illustrating the relative placement of the static pressure ports and unsteady pressure
tracssducers, The model is instrumented with 230 slatic pressure ports in five chordwise groops and one spanwise
group (highlighted it red in Fig. 12}, The five chodewise locations were chose in order to investigate flow over the
wing starting from the most inboard sections as follows: Buttline {BL) 118 captures the interactions between the
Fuselage and wing, BL 240 investigates the flow downstream of the engine st plane, BL 300 sheuld capture the
flow over the wing with the lzast amount of inboard or outhoard affects, and BL 638 and 642 ane positioned close 1o
ane ancther for a direct comparison of pressure diseribution on fhe outboard section of the wing with and without
circulation control, The % unsteady pressure trensducers were placed such that ithe cabin noise and the wing
interaction downstream of the engine exit plane can be atudied.

Five static pressure ports are located on the ight wing in order to verify symmelry in the pressure disiribution.
‘The right half of the model was intentivnelly left as uninstrumented as possible to ellow for glebal skin fhction
measurements using FTISF, for more informativn about this technique for AMELIA please refer o Part 2:
Preparation for Wind Tunnel Model Testing and Yerification of Cal Poly's AMELIA 10 Foot Span Hybrid Wing-
Body Low Noise CESTOL Aircraft).
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AL 642! 1% static preasune ports

AL B3H: 45 static presaure poaTs

HL 500: &0 miatic prosssm piorts Spanwise: 15 vatic pressure ports

Unshaady prassurs Kulikne

BL 240: 35 wtatic prodaurd BL 118: 4 stabc

pranture P

Figure 12, A schematic showlng all external loewtions of the static pressurc ports and the unsteady pressure
trasaducers.

IV, AMELIA Fabricaiian

Patersonlzbs, Inc. competed and won the contact te manutacture the 10 fi span model, Fabricatuon of the medal
stated in the second year of the project and it is projected that the medel will be completed by the end of Junuary of
2011, Cumrently Patersonlabs, Inc. has completed machining all elements of the medel, including all outer mold
lines, the high and low pressure air system, all intetnal plumbing had been routed, all static pressure taps and
unsteady pressure ports have been installed, all flaps have been instrumented, end with the nacelles for the TPS.
Figure 13 shows photographs of AMELIA befors and after the paint without the nacelles installed. Figure 14 shows
the low and high pressure air control systems, respectively, Currently, AMELLA is undergoing hydrostatic proof
testing, awailing completion it will receive one more coat of paint, and the final stress analysis will be delivered 1o
Cal Poly also by the end of January. Cal Poly has been receiving regular progress reports from Patersonlabs, Inc and
ig in constunt communication regarding manufacturing process and needs.

ol M{, O] M. .
Figure 13, Photographs AMELIA (a) before paing with out the TPS nacelles installed and (b) painted im its
finsl conflguration withoot the TPS nacelles installed.
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Figure 14. Fﬁntngrnphs of internal powered Lift system {a} the Low pressure buﬁerﬂy val;l.re for lesding edge
slof plenum contral and {b) the high pressare mass flow control system for the Seft and right TPS units,

Acknoldgements

This work was funded as part of 8 MASA Research Announcement award under Contract #NNLOTAASIC with
Craig Hange snd Clif Hotne s the technical monitors. The authors wish to thank all of the students whe have
participated in this wotk su far; their hard work and dedication have been invaluable to this rescarch,

Relerences

'Collier F. i NASA's environmentall i i ject, 2009 Fundamentuk
Aeronautics Conference, Allanta GA, oral presentation, 2004,

*adugundi D, Magib H and Kiedaisch J. Evaluation of mrbulence models through predictivn of separated flows
with and without flow conirol and circulaton effects, 6tk Af4A derospace Sciences Meeting ard Exhibit, AIAA,
Reno NV, AIAA-2008-0567, 2008,

*McGowan G and Gopalarathnam A. Computational stody of circulation control aitfoil using FLUENT,
Applications of Circulation Conirol Fechrofogy, edited by R. D. Joslin and G. 5. Joney, Yol 214 of Progress in
Astronaulics snd Astonautics, chep, 21, American Instinste of Aeronsutics end Astronaunes, Inc., pp. 532-354,
2006,

McGowan G, Gopalarathnam A, Xiao X, and Hassan H A. Role of turbulence modeling in flow prediction of
circulation control airfails. Applicotions af Circnlation Control Techwology, edited by . T Joslin and G. 8. Jones,
Wol. 214 of Progress in Astronautics and Acronautics, chap. 19, Ametican Institute of Aeronautics and Astronaulics,
Inc., pp. 499-510, 2006,

"Liw, ¥, Sankar, L. M., Englar, R. 1., Ahuje, K. K., and Gaeta, R. ). Computational svaluation of stcady and
pulsed get effects on a circulation contrel airfoil. Apefications of Cirewlation Control Technology, ediled by R D.
Joslin and G. 8. Jonss, Vel 214 of Progress in Astronautics and Aeronautics, chap. 22, American [nstitute of
Aeranautics and Astronaubics, Inc., pp. 357-377, 20,

Chang 1[I P A, Sloraski J, Marino,T, Ebert M P, and Abramson ). Full Reynolds-stress modeling of circulation
control aitfoil. Applicetions of Circulation Contreld Techrology, edited by R. D, Joslin and G. 5. Jones, Val. 214 of
Progress in Astromautics and Aeronautics, chap. 17, Amernican Institie of Asronautics and Astronautics, Inc., pp.

A45-466, 2004,

10
American [nstitute of Aeronautics and Astronautics



"Paterson E G and Baker W J. RANS and detached-=ddy simulation of the NCCR airfoil. Applicarions of
Circulation Conirol Technotogy, cdited by R. D. Joslin and G. 5. Jones, Vol. 214 of Progress in Astronautics and
Aeronautics, chap. 16, American Institule of Aercnautics and Astronautivs, loc., pp. 421-444, 2006,

$Raker W | and Paterson E G. Simulation of steady circulation contrul (ot the general aviation circulation control
(GACC) Wing. Applications of Circulation Conirel Technology, edited by R. D. Joslin and G. . Jones, Yol. 214 of
Progress in Astronautics and Aeronautics, chap. 20, Ametican Instimute of Aeronmaulics and Astronautics, Ine., pp.
513-537, 2006,

*cahu J. Time-accurste situlations of synthetic jet-based flow control fot a spinning projectile. Applications of
Circulation Contral Technology, edited by R D. Joslin and G. §. Jones, Vol 214 of Progress in Astronautics and
Aeronautica, chap. 23, American Institute of Aeronautics and Asironautics, Inc., pp. 579-595, 2008,

02ha G C and Paxton C 1. Novel fiow contrel method for airfoil performence enhancement using co-flow jet.
Applications of Circutation Control Technology, edited by R. D Joslin and G. 5. Jones, Yol. 214 of Progress in
Astronautics and Aeronautics, chap. 10, American Institute of Astonautics and Aswonautics, Inc., pp. 293-314,
2006,

"McGowan G, Rumsey C. L, Swenson R C, and Hassan H A, A three-dimensional computational study of a
citeulation control wing. Irdf AfAA Flow Control Conference, A1AA, San Francisco CA, ATAA-2006-3677, 2004,

Yywen F K. Measurement and analysis of circulation control sirfoils. Applications of Circulation Control
Technology, edited by R. D. Joslin and G. 5. Jones, Vol. 214 of Progress in Astronautics and Aeronautics, chap. 3,
Ameorican Institute of Aeronautics and Asironautics, Inc., pp. 105-112, 2006

Yeerchie I, Halfon E, Hammetich A, Han G, Taubert L, Trouve L, Varghess P, and Wypnanshi 1. Some
circulation end scparation conirol experiments. dpplications af Circutation Control Technrology, edited by R D.
Joslin and G. 5. Jumes, Vol. 214 of Progress in Astronauticy and Aeronautics, chap. 5, American Instite of
Acropautics and Astronautics, Inc., pp. 113-166, 2006,

“Munre $ E, Ahuje K K, end Englar R J. Neise reduction through circulation conwrol. dpplications of
Circuigrion Control Technolagy, edited by R. D. Joslin and G. §. Jones, Vol 214 of Progress in Astronautics and
Aeronautics, chap. 6, American Institute of Asronautics and Asironautics, Inc., pp. 167-190, 2006,

Yjones G 5. Preumatic Flap Performanee for @ two-dimensional circulation control airfoil. dpplications af
Circulation Coniral Technelogy, edited by R. D. Joslin and G. 8. Jones, Vol 214 of Progress in Astronautics and
Aeronautics, chap. 7, American Instirate of Aeronautics and Astronautics, [nc., pp. 191-244, 2006.

WEpglar R J. Experimental Development and evaluation of pneumatic powered-lift super-STOL aircraft,
Applications of Circulation Contral Technology, edited by R. D. Joslin and G. 3. Jones, Vol 214 of Progress in
Astronautics and Aeronautics, chap. 7, American Institule of Asronautics and Astronautics, Inc., pp. 191-244, 2004,

"Warwick 5. Bpeipg works with girlies on commergigl blended wing body fisighter. Flight [nternational,
2007,

ollier F, Zavals E, and Huff I+ Fundamental aercneutics progeam, subsonic fixed wing reference guide.
MNASA.

"*pfarshall, D., and Jamesen, K., “Overview of Recent Circulation Conirel Modeling Activities at Cal Poly™,
ALAA-2010-348, ALAA 48" Aerospace Sciences Meeting and Exhibit, Orlando, Fla.

B ane K A and Marshall D T3 A surface parameterization method for airfeil optimization and high lift 20
geometries utilizing the CST methodology. 47t Af44 derospace Sciences Meeting and Exhibit, ALAA, Orlando FL,
ALAAZDOS- 1461, 2004,

U ane K A and Marshall D D Inverse airfoil design utilizing CST parameterization. 48th AI44 Aderospace
Sciences Meeting and Exkibir, AlAA, Crlando FL, AJAA-2010-1228, 2010,

25ulden R and Marshall D D. Design and performance of circulation conirol flap systems," 48tk 4JAd
Aerospace Sciences Meeting and Exhibit, AIAA, Orlando FL, AIAA 2010-1053, 2010

“Englar R J, Gaeta R J, Lee W I and Leone V. Devclopment of pneumatic over-the-wing powercd-lift
technology; part [: asrodynamic propulsive, 27tk A744 Applied derodynamics Conference, ALAA, San Antonio TX,
ALAA-ZD09-3942, 2009,

HGaeta R 1, Englar R J and Avera M. Development of pncumatic over-the-wing powered lift technology art 11
aeTuacostics. 27 AT4A Applied Aerodynamics Conference, AIAA, San Antonio TX, ALAA-2MS-384]1, 2009,

11
American [nstimte of Aeroneutics and Astronautics





