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Active Flow Control

“The ability to actively manipulate a flow field to bring about a desired change ..”
from Gad-el-Hak Flow Control: Passive, Active, and Reactive Flow Management
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Active Flow Control

“The ability to actively manipulate a flow field to bring about a desired change ..”
from Gad-el-Hak Flow Control: Passive, Active, and Reactive Flow Management

< Simplified High-Lift (SHL)

AFC-off AFC-on
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Background

Active Flow Control (AFC) has proven effective in enhancing the aerodynamic
performance of high-lift systems on commercial transport aircraft.

» AFC has been a technology investment area for NASA programs

» Environmentally Responsible Aviation program goals
* Flow Control concepts for drag reduction
* Advanced composites for weight reduction
* Advanced Ultra High Bypass engine: fuel burn and noise reduction
* Airframe and engine integration concepts: community noise and fuel burn reduction
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Separation Control: Previous work

» AFC technology fits within NASA’s Environmentally Responsible Aviation goals of 8% drag reduction for airframe technology

» Boeing system study estimated fuel burn reduction of 15,500 gallon/airplane/year for AFC enhanced vertical tail using
sweeping jets to achieve 20% side force enhancement

TRL Maturation and Benefit Timeline for Drag Reduction
A Milestone Complete

61 [Credit NASA]
Boeing EcoDemonstrator
Flight Test
- (AIAA-2016-3927)
» 7% scale vertical tail model with AFC Full-scale Wind
X oL tested in Tgnnel Test at
= Rensselaer Polytechnic Institute National Full-Scale ]
wind tunnel Aerodynamics
(AIAA-2012-0071 & AIAA-2012-2657) Complex
: iF— (AIAA-2015-0784 &
% s CrEdi AlAA-2015-0785)
4
K 14% scale vertical tail model\
with AFC tested in
California Institute of Technology Lucas Wind Tunnel » i
(AIAA-2012-3244 & AIAA-2013-0411) NA SA Ames NFAC
3T | | | | | | |
FY10 FY11 FY12 FY13 FY14 FY15 FY16
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NASA 10% scale High-Lift Common Research Model

» Reference configuration: CRM-HL open/relevant
(NASA/Boeing)
* Based on the original CRM for high-speed
* Representative flow physics of interest ' a

= CFD methods development & validation
Modular high-lift

* |Improved testing and data acquisition methods /
F components

= High-lift technology development and knowledge enhancement p

* Provide reference performance metrics £ _ Section across mid-outboard flap span
*Conventional CRM-HL for takeoff

» Predecessor of the high-lift CRM-Ecosystem yay \ P —

Conventional CRM-HL for landing
— @
4 AN

Simple hinged flap CRM-HL for landing

_ (Q

S : Lin et al., 2020, J | of Aircraft, Vol. 57, No. 6, https://doi.org/10.2514/1.C035906 .
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Separation Control: Previous work

External fairings
for Fowler flap
mechanism

=
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» A simple-hinged flap high-lift wing using AFC to recover lift and reduce cruise
drag.

[Test Objective: to produce the same lift level as the conventional (Fowler flap) high-lift case while minimizing AFC J

power requirement.
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Separation Control: Previous work

« Large flap deflection leads to massive flow separation

* AFC used to reduce flow separation on flap, increasing C,

AFC off

Vatsa et al., hitps://doi.org/10.2514/1.C036233, July 2021. - 8
.—p‘, Flow Physics and Control Branch
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Separation Control: Previous work

Candidate actuators
* Double Row Sweeping Jet (DRSWJ)
« Alternating Pulsed Jet (APJ)
« High Efficiency Lower Power (HELP)

Cartridge 1
Top view

Cartridge 1
Side view

AFC Actuator |
Cartridges AL AL A e e s, e 9
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[Credit NASA]




Separation Control: Previous work

2.5 [
2.0 |
1.5 |
C :
1.0 | &
- —8—Reference CRM-HL
- 5 -©&--Baseline, AFC off
i ——C1-C10, NPR=2
0.5 F , ——C1-C10, spanwise NPR tailoring
- —=—C1-C8, NPR=2.4
" -4-C1-C10, NPR=2.4
0.0 [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-5 0 5 10 15 20
@ (d eg ) [Credit NASA]
High Efficiency Lower Power (HELP) actuators (red triangles) for an Cruise Drag Reduction
NPR=2.4 achieve the performance target (solid black circles) over the Source: Lin et al., AIAA Paper 2020-0783
range of angle of attack. https://doi.org/10.2514/6.2020-0783
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Separation Control: Previous work
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Power coefficient, C_, is used to assess AFC performance
C,. can be used to scale up pneumatic-based AFC systems

Source: Lin et al., 2020, Journal of Aircraft, Vol. 57,
No. 6, https://doi.org/10.2514/1.C035906.
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Recent Research Activities

2024

2015
ecoDemonstrator 757 flight tests

[Credit NASA] [Credit NASA]
AFC-Enhanced Vertical Tail AFC-Enhanced Aileron
Reduce weight, drag and rate of fuel burn Reduce Cruise Drag Increase L/D

r——————————————————————————————————
U o o o R S S N NN S NN NN N NN NN NN NN NN N R R S

®)

Fp .5 Flow Physics and Control Branch 12



Motivation

Garner et al. 10 |
C, const iai
> 1% Improvement in L/D for a large, - | j’w‘ozzle
generic twin engine transport is 8 PR 3=
. 5.5 e
equivalent to ] ///:/1_4/|
. . 4.5 —
e 1270 kg increase in payload or G //:/1-2/ s ™ Dashed black lines connect
A ~
 277.8 km increase in range 8 a4, 4/ / Nozzle at the same PR
= g
> o, e  Baseline Ail 7.5°
) / AFC, Noz
Garner et al., AIAA Paper 1991-1527, AFC, Noz Scaled 50%
doi.org/10.2514/6.1991-1527 ——e—— AFC, Noz Scaled 25%
|
0 | Available onboard
_2 ] L 1 | ] L 1 || 1 ] J
0.0000 0.0001 C 0.0002
Can it be achieved experimentally with g
available onboard resources? Effect of nozzle size on aerodynamic performance, aileron 25°, PR=2.

Source: Shmilovich et al., AIAA Paper 2023-0655,
doi.org/10.2514/6.2023-0655
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Objectives

> A test at the NASA Langley 14- by 22-Foot
Subsonic Tunnel to assess the
performance improvement of localized
AFC on the aileron of the 10% scale,
semispan CRM-HL model

> A new outboard wing section with an
adjustable aileron
* Different takeoff configurations
* AFC actuator integration

> Obtain a reference for the localized AFC
research

chg Flow Physics and Control Branch 14



CRM-HL Model Geometry

Mean aerodynamic chord C 701 mm
Wing semispan b 2938 mm
Reference area of semispan wing Sref 1.918 m?
Sweep angle at wing quarter A 35°
chord
Aspect Ratio AR 9

[Credit NASA]
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CRM-HL Model: Takeoff Configuration

AFC Angle of attack range
a=0°—-11°

Reynolds number
Re. =3 x 10°

Mach number

M =0.2

Sealed Slat
5slat — 220

Inboard and Outboard flap
5fgap = 25°

ssssssss

NNNNNN

0.

l S
2 .

' [/ Alleron
ot = 22°, sealed ‘

— Transition dots

il
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CRM-HL Model: Takeoff Configurations

» Reference takeoff configuration
e 25° flapsand 22° slats with sealed slat gap
* Non-deflected aileron, §,= 0"

* Lacy et al., AIAA Paper 2020-2771,
doi.org/10.2514/6.2020-2771

» Nominal takeoff configuration

* Airplanes benefit by deflecting the aileron during
takeoff

* Nominal aileron deflection, §,= 7.5° . | (¢
» High-lift improved takeoff configuration
* Achieved by deflecting the aileron further

« 6,=16" and §,=25" .
* Intended to be used with AFC

ch‘g Flow Physics and Control Branch 17



CRM-HL Model: Aileron

Sealed Slat

e

Lower Surface without aileron
Epcg Flow Physics and Control Branch

[Credit NASA]




AFC Service Air Supply System Configuration

Test Conditions:
Supply Pressure range 8.60 bar * Repeatable measurements,

Temperature: 15-24°C . [ricl [ aovIEw high confidence on mass flow
rate
* Increased accuracy and
ot T redundant measurements
12.7 mm —p . ' % “aa, Tty v, . .
127 M T R N Build up in-house
%{ 413.6 bar —’_\ s
. ’ 1 r;(';-/ ¥<508mm s S : "t per cartridge
s 0 . ! 68.9 bar . . L T ‘( ) e mass flow rate
. K K ! ) @ "~.~ @ e temperature
'.' [+ | Air Tank : 50.8 mm . .. o
‘ '“ S17bar |~ 68.9 bar @ o _Dﬁm
@ Filter d @ -
= 65.6 C =k — % iy S | Elim To each
< 8 | ANy o | € [ AFC
A ) V i erma Ly o Cartridge
g3 635 mm | T Flowmeter = ‘J-:"'p@ 9
Z | 137.9 bar T
& 2 127 mm 6 35 1 50.8 mm @ 4.48 bar
34.5 bar | 137'9::} - Diffuser per cartridge
AFC
- Computer |
Type of system needed for a well-controlled test, not for aircraft LabVIEW
system integration
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AFC Actuators Spacing

Sweeping Jet (SWJ) SWJ1 Reduced
SWJ2 12 11 12 22 ‘ spacing
SWIJ3 6 6 6 12

Convergent CD1 23 23 23 43 T

Divergent Jet (CD) CD2 12 11 12 22

All actuator nozzle exits were 0.5 mm H x1.0 mm W

Inboard Midboard  Qutboard
- —) @ 1.0mm => 4= 1.0mm
" Outboard Wing: WUSS and Slat Removed & ﬂ
16°

CD actuator SWIJ actuator

Fp05 Flow Physics and Control Branch 20



AFC Actuators

SWi1

Ej SWIJ2

SWI3

Reduced spacing

CD1

CD2

FPC5 Flow Physics and Control Branch 21



Sweeping Jet Actuators

Feedback Path

~

h
Power anzle\ /&_)
Supply e Inter
m

Control Pnrt/

Feedback Path
[Credit NASA]
> Flow oscillating based on bi-stable mode of wall Cr?diti NASA |
attachment with feedback loop Brian Chang, Michale Leonetti

(LARSS Graduate Students)

» No moving parts Mentors: Dr. Brian Allan, Dr. Greg Jones

Fp@5 Flow Physics and Control Branch



Wind Tunnel Measurements

» Force and moment data 4w

e — Y =2667 mMm, n=91%

» Surface static pressures, 750 pressure 4

P & °
orifices fommme — y =2413 mm, n= 82%
M o e
» Surface flow visualization using minitufts y
over the aileron g

> Wind tunnel data were corrected for

— y =1626 mMm, N=55%
tunnel wall interference

— Y =710 mm, n=24%

chg Flow Physics and Control Branch 23



Repeatability

> CaICUIated reSiduaIS for the HL- + Run657 ® Run663 © Run672 A Run682 D Run694 * Run712 ® Run706 —-—-+20

. . . © Run658 x Run671 ¢ Run678 ¥ Run688 < Run700 © Run705 # Run752 - - Instr.
improved takeoff configuration — ~ : : ~ 001 —
My =0.2,8, = 16°
0.02 | '
» Black dash line indicates * 20 S ol
values
-0.02 + -0.005
004 i | il | | ||
» Blue dash line indicates expected =R e S, S
. . . 0.04 os5F "
instrumentation uncertainty
0.02 0.25| . r
= "t\ i\
» These plots indicate that the T’ 3 o % ?ﬁ‘ﬁi’ W |

-0.25 |

variation inthe C, C;, Cy,, L/D arein oo
general within the instrumentation 004 | B

0 5 10 15 20 0 5 10 15 20

uncertainty a, deg o, deg
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Reference Takeoff Configuration: Outboard Wing

Slat Main Element Slat

Main Element

—&— g = 4 5° &0 =4.6°

-3 e
Wl —E—n0 =8.8° o =88°
—— =:||§,g: —+—a=129°
— =14, o= 14,97
o5+ ey = 7.9 oty = 17.9% 0

! ! - 3 3

|
|
= } L I
B . . == i L i L i
162 163 164 164 166 168 170 172 174 176 178 70 171 172 172 174 176 178 180 182 184

X, in. X, in. X, in. X, in.
o
Increasing a results in higher suction pressures My = 0.2, 0o =0
Flow near the aileron trailing edge appears attached for & = 4.6° Re. =3 x 10°
Entire main element is separated for o« = 17.9°
Flow over the main element separates earlier for most outboard location, & < 14.9°
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Qo

Effect of Aileron deflection . =02, Re. =3 x 10°

o

-1.4
1.2

qF
-0.8 -
0.6
-0.4 -

-0.2r
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021

0.4
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Slat

b

4

163
X, in.

L

164

15T

05T
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051

164

166
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X, in.

174

—-— 4
—a— 4
&

-1 1]

[-H] -1

—

176

=0°
=7.5°
=16

=25 ||

0.6

Slat

Ha

B

170

4 |

171 172
X, in.

» Increasing aileron deflection angle improves C, on both suction and pressure surfaces

» C, distribution indicates attached flow for §, = 0° for the two outboard locations

» Flow separation moves upstream as § increases

05

Main Element

172

174

—— 0

1] -1

—a— 4

176

|

|

|

|

L
178 180
X, in.
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Effect of Aileron deflection

Mo =0.2,Re. =3x10° a=46°

> Attached flow for §, = 0°

» Small separation bubble near TE for
0, = 7.5°

» Separated flow over the entire aileron for
d, > 16°




Effect of Aileron deflection

> Lift coefficient increases with d,

» The improvement is as much as J15)

~0.06 at lower a and resulted in C, .,
of 2.137 for ¢, = 25°

» The flow separation over the
aileron ( 0, > 7.5°) mainly affects
C, (50 drag counts)

—h =0*
P — i =T7.5%

-0. 5 o 5 10 15 20 1] 2 4 6 8 10
a, deg a, deg
chg Flow Physics and Control Branch 728



| Sweeping Jets Flow Visualization at 16

Re.=3x 106, M =0.2. §, = 16° Reduced spacing
o =4 60 ’ ’ SWIJ3 = 18 actuators

Flow Physics and Control Branch
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@j Sweeping Jets Flow Visualization at 16

Re. =3x10° M =0.2, §, = 16° Increased NPR
a = 4.6°



t 16

ion a

1zat

@j Sweeping Jets Flow Visual

Increased NPR

3x10% M =0.2, §, = 16°

a = 4.6°

Re.




@j Sweeping Jets Flow Visualization at 16°

Re. =3x10°, M =0.2, 6, = 16° Reduced spacing
o = 4.6°

SWI3  SwJ2
Fp@5 Flow Physics and Control Branch 32



&j Sweeping Jets Flow Visualization at 16°

Re.=3x10% M =0.2, §, = 16°
o = 4.6°

Reduced spacing

SWI2  SWI1
ch‘ﬁ Flow Physics and Control Branch 33



.| Sweeping Jets: Lift Coefficient  re.=3x10°, w =026, =16°

2 ] I 1 ) 1 0.03 ] ] I T 1
18k | 0.07 SWIJ1, NPR=3
0.06 Al SWJ1, NPR=2
1.6 F I i
Amplitude 0.05 SWJ2, NPR=3
| increase 5
1.4} . . -
© w-§_=7.5", No AFC, NPR=1.0 <] 0.04 7l SWJ2, NPR=2
—«—4§_=16.0", No AFC, NPR=1.0 0.03 SWIJ3, NPR
1.2+ -e-aa=1a.o°, SWJ1, NPR=2.0 | - '
—+—3§_=16.0", SWJ1, NPR=3.0 0.02
ik ~6—4§_=16.0", SWJ2, NPR=2.0 | » NPR=1,
—s—4§_=16.0", SWJ2, NPR=3.0 0.01 :
. |=+-4_=16.0", SWJ3, NPR=3.0
0.8 . 1 . L L 0 1 1 1 L I
0 2 4 6 8 10 12 0 2 4 6 8 10
o, deg o, deg
: " o, ) [ )
4 SW‘]]' "““"'"““““"’““-"-"““'-' nEINNE H NNNiE= 0t U0 [0 A NN NN AnanD llll-l-llllllll-l ﬁ bt o
1‘“* IRERHEERED

g\ﬁ “Lﬁ:l?’:\:.Zr-mﬁ?gﬁﬁmlmm; § 9070 09 Adih.dﬁ. (TOfIIAn fofINMNNANNNNeN (NN

o

N i - L i —

SWI2

SWI3

Spacing reduced chg Flow Physics and Control Branch 34




&j Sweeping Jets: Drag Coefficient re.=3x10° v =026, =16°

%107

02 | L 1 ] | 2 ] I 1 1 1] 1
---+---5a=?.5“, No AFC, NPR=1.0 |
018 - —-—5a=1a.o¢, No AFC, NPR=1.0 | ot _ _ * \
~6-4d_=16.0", SWJ1, NPR=2.0 ;
.| —+—5,=16.0", SWJ1, NPR=3.0 | Spacing reduced ~[ NPR=1, &, =16
' § =16.0", SWJ2, NPR=2.0 i | | | | _ | i
‘9‘; 16.0°, SWJ2, NPR=3.0 2?“*1 3~ I 3
—&—4 =16.0 , ., =3. Y ¥
0.14 s, . : ? SWIJ3, NPR=3
5 —7-4_=16.0", SWJ3, NPR=3.0 o i
o f;; 41 SWJ2, NPR=2
012t — : E
Amplitude
. -6
0.1} Increase - .. SWIJ2, NPR
SWIJ1, NP
-8 | | | ]
0.08 | . SWIJ1, NPR=3
I V4
~ | Cp.i6° — Cp 750
0.06 . 1 L L 4 -10 .
0.8 1 1.2 1.4 1.6 1.8 2 1.1 1.2 1.3 1.4 1.5 1.6 1.7
c, Co
, ,. [
A SWJ 1 "-'-."'"'.'.““"““-"-"““'-' ' 51 ) T e ) ol MV 0l D MV D RV llll-l-llllllll-l ﬁ om o y e
1‘“* 000 *ﬁ;ﬁf':m'Ef_jfigﬁﬁlﬁ‘g . 108N oNIiIONIIrIT (IoT Ll LeIfie1e10110I00 FITIaiion
SWIJ2
SWI3
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I Sweeping Jets: Lift-to-Drag ratio re.=3x10°, M =02 6, =16°

14 1 I 1 1 1 0.? 1 1 ] I 1
135 F . +#SWIJ1, NPR=3
131 e T I )
! /g SWJ1, NPR=2
125F - :
SWIJ2, NPR=3
12 . A , i
S , S RSWJ2, NPR=2
115k [++6,=7.5", No AFC, NPR=1.0 | P . r )
—*—3§_=16.0", No AFC, NPR=1.0 S . d d SWI3, NPR=
11 —e—aa=1a.o“, SWJ1, NPR=2.0 . 01k | Pac'“g,re uc,e i
—+—§ =16.0", SWJ1, NPR=3.0 :
105 o ; . . i | _ . : . _
~-0,=160", swi2,NPR=20 | Amplitude 0 NPR=1,
1ok +5a=1a.o:, SWJ2,NPR=30 | incregse AN ol B | :
—%-3_=16.0", SWJ3, NPR=3.0 : e
95 1 1 1 1 1 -0 2 | -L/-Dlﬁ’o L/D7 50
0.8 1 1.2 :3;4 1.6 1.8 2 =¥ 1o 15 17 18
L C,
4 SW‘I 1 v "'““"'"““““""“-"-“““'-' nEINNE H NNNiE= 0t U0 [0 A NN NN AnanD llll-l-llllllll-l oﬁ Tﬁ o °p9 °
1‘“* R i 108N oNIiIONIIrIT (IoT Ll LeIfie1e10110I00 FITIaiion
SWIJ2
SWIJ3
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&j Sweeping Jets: Streamwise Cp Distributions o =4.6°

1.4

T T T T T TT T T N T T
Py ~—+-Ref,NPR=1 [ 1.2 Y ~+-Ref, NPR=1
1ol ~o-SWJ1, NPR = 2.1 | : ~o-SWJ1, NPR = 2.1
- —+—SWJ1, NPR = 3.1 Y i -1 F 16+ ——SWJ1, NPR =3.1]/
SWJ2, NPR = 2 AL ’ SWJ2, NPR = 2
Ar —=—SWJ2, NPR = 3 7 2 i ~=-SWJ2,NPR=3 ||
1.6 - SWJ3,NPR=3 [ -0.8 14 - SWJ3, NPR =3
08} ' . ! T .
- Ailero 0.6 A.2f ' Aileron 1
:' —» " ﬁ
-0.6 [k |
T -0.4
a-0.4
0.2
0.2 tf
0
0 ________________
0.9 0.2
ol 0.4 H¥
0.6 0.6
1 1 L 1 1 L 1 1 |I 1 1 1 L 1 1 1 L 1 l 1
162 163 164 164 166 168 170 172 174 176 178 170 171 172 172 174 176 178 180 182 184
X, in. X, in. X, in. X, in.
- O —_
‘r) - 0'82 RBC = 3 X 106, M = 0.2, 5(1 = 16 ?? -_— 0-91

* NPR=1, flow separation at the aileron’s TE

AFC cases: Suction pressure increased: slat + main element

* Flow attached: SWJ1 at NPR=2 and SWJ2 at NPR=3

C, distribution improvements are consistent with C_increase
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@j Sweeping Jets: Spanwise Cp Distributions

Re. =3 x10% M =0.2, §, = 16° o = 4.6° * Increased suction pressure upstream of the
£ : e & | | aileron section
. |
] |
4 ! e Suction pressure increases with actuation
I T‘ amplitude
-0.8 | : .
[ | * AFC effects are noticeable inboard of the
L I .
i | ‘ aileron /
O -06 | |
i | f «  SWIJ1 at NPR=2 similar performance to SWJ2
04 '|4 | at NPR=3
1 1 § £ | 4 B
e o Ref 4/ | | | &
, SWJ1, NPR 2 I |
02k : SWJ1, NPR 3 :
- SWJ2, NPR 2 / | i
|| ——5— SWJ2,NPR3 | + +
- SWJ3,NPR3 | Pressure ports .
0 | | | ]
0.2 0.4 0.6 0.8 1
n
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AFC Evaluation Parameters

> Momentum coefficient

m2

B ﬁ An do Sref

o

G,M — f(m:' ﬁ: Ana Qo) S’r'ef)

> Mass flow rate coefficient

O —
© Poo Uoo S'ref

m

CQ — f(m:r Poos UDD: Sref)

> Power Coefficient

o — Yol Cr = F(11, posy Unsy Sresy Py doo)
Goo
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AFC Evaluation Parameters Re, =3 x 105, M = 0.2, 6, = 16°

5 T T T T 5 T T T
5 SWI1 o SWJ1
4F i
CD1 4
RX3r CD2 Q31
S S
a2l SWI3 ol

—e—4_=16, SWJ1 —o—4_=16, SwJ1

—a—4_=16, CD1 ! —a—4_=16, CD1
1k 4 =16, swj2 . 1F 5a=15| SWJ2
—&—§_=16, CD2 —&—4_=16, CD2
—w—4_=16, SWJ3 ! —w—4_=16, SWJ3
o : ' ' ' 0+ l : ;
1 1.5 2 2.5 3 3.5 0 0.5 1 1.5 2
Nozzle Pressure Ratio, NPR Power Coefficient, C, <10"
o = 4.6°

L/Digc — L/D16o noAFc
. CDs more efficient than SWIs for this 3D flow field L/D
. SWIJ2 and CD2 have similar performance improvements 16°,noAFC
* At NPR=2, CD1: CD1 has lower C_than SWIJ1 (red oval)
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AFC Evaluation Parameters Re, =3 x 105, M = 0.2, 6, = 16°

5 T T T T T 5 T T T ]
SWIJ1
: Swil
4r s .
32 23t : :
:j ::f *Available
~ 3 :Onboard
<] <12 — 7
~e—4§_=16, SwJ1
—a=—4_=16, CD1
1} 4_=16, swJ2
—&—4_=18, CD2
+ﬁa=1ﬁ, SWJ3
U i I i i ] {J Il L i i
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5
Momentum Coefficient, |C),|x10° Mass flow Coeflicient, Cgx10*

a = 4.6°

L/Digc — L/D16o noAFc
L/Dlﬁo,noAFc

0 Maximum performance improvement SWJ1
. CD2 and SWIJ2 have similar performance levels

Fp@5 Flow Physics and Control Branch
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Summary

» An experimental investigation was conducted at the NASA Langley 14- by 22-Foot
Subsonic Tunnel on the NASA 10% scale High-Lift Common Research Model in the
takeoff configuration.

» AFC was applied to the aileron to enhance the L/D ratio for an aileron deflection angle of
16 degrees, HL-improved takeoff configuration.

» AFC performance was assessed using tuft visualization, steady surface pressure
measurements, and force and moment data.

» All AFC cases resulted in increased C; and reduced Cp, resulting in higher L/D ratios for
both SWJs and CDs.

- N
AFC applied to an aileron achieved a 5% improvement in L/D using

available onboard resources
" y
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Questions
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SWIJ1 Actuators close-up

[Credit NASA]

[Credit NASA]
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CRM-HL Trip Locations




CRM-HL Trip Locations

nacelle wing tip

[Credit NASA]

strake

fuselage nose [Credit NASA] “slatless” WUSS

[Credit NASA]
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Comparing measurements 2024 vs. 2025

k=%
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AFC Service Air Supply System Configuration

Test Conditions:
Supply Pressure range 110 psig

Temperature: 60-75 deg F
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