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Motivation

» Wing design for a wide range of airplane weights, fuselage lengths, airspeeds,
and altitudes is challenging

» High-lift systems generate higher lift to allow for reduced airspeed for shorter
take-off and landing distances

» High-lift systems are important to ensure commonality among airplane family
members with widely varying fuselage lengths

» Longer fuselage lengths increases risk of tail strike
» Tail ground clearance angle imposes a limitation on AOA

» Limited AOA limits flap capability to generate required lift at take-off or landing

» Landing gear height must increase or flaps must be redesigned

» AC, = 0.10* allows for 1400Ib weight saving related to 14 in. landing gear
height

* P. Meredith, “Viscous Phenomena Affecting High-Lift Systems and Suggestions for Future CFD
Development. High-Lift System Aerodynamics,” AGARD CP 515, pp. 19(1)-19(8), 1993.
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Motivation

CRM-HL inboard wing cross-section

» Assess the potential of surface-normal pneumatic AFC, microjets, for
enhancing performance of wing in high-lift configuration in the linear .
regime of the lift curve - -

» Computational and experimental building-block approach to assess
microjet enabled lift control at a range of flow conditions

C
2 » Journal of Aircraft paper DOI: 10.2514/1.C036864

» Journal of Aircraft paper DOI:10.2514/1.C035986
» Journal of Aircraft paper DOI: 10.2514/1.C035248 L o
» AIAA paper 2022-2535 (SciTech 2022) fcroj . Flap pressure side surface

« AIAA paper 2021-1192 (SciTech 2021) " P
* AlAA paper 2019-3498 (Aviation 2019)

/ * AlAA paper 2019-0590 (SciTech 2019)
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/ Modified = = = * AlAA paper 2018-0559 (SciTech 2018)
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Research Tasks and Goals

» Use OVERFLOW Reynolds-Averaged Navier-Stokes (RANS)
methods to investigate sensitivity of flap flow features to y

Reynolds number on the High Lift Common Research Model
(HiLiftPW-3) through

Mach Number
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» CFD vs. experiment* validation study at a wind tunnel
Reynolds number (Reyac = 3.26M)

» CFD study at a flight Reynolds number (Repac = 24.6M)

> Use OVERFLOW RANS methods to investigate the sensitivity E%AZ
of microjet effectiveness to Reynolds number on the CRM-HL - S,
addressing microjet trends on )
> Lift
» Oswald efficiency lllustration of microjet implantation on the HiLiftPW-3
_ inboard fla
» Trim Drag P
*Lin, J. C., Melton, L. P., Hannon, J. A., Andino, M. Y., Koklu, M., Paschal, K. B., and Vatsa, V. N., “Testing of High-Lift Common ‘ ‘ ‘
4 Research Model with Integrated Active Flow Control,” Journal of Aircraft, Vol. 57, No. 6, 2020, pp. 1121-1133 iy yiwiW™
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High-Lift CRM Sensitivity to Reynolds Number @

ReMAC = 3 26M

Pressure Coefficient

6-54-3-2-10 1

a= 8 and M, = 0.2

ReMAC = 24‘ 6M

Pressure Coefficient

6-54-3-2-10 1

5

AMERICAN INSTITUTE OF AERONAUTICS AND ASTRONAUTICS | AIAA.ORG

Shaping the Future of Aerospace



Microjet Sensitivity to Reynolds Number @

ReMAC = 3 26M
U.
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Microjet Sensitivity to Reynolds Number — Lift

a= 8 and M, = 0.2
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Dashed lines represent the computational results, while the solid lines represent the trends fit by k\/C—u
: JAIAA.

AMERICAN INSTITUTE OF AERONAUTICS AND ASTRONAUTICS | AIAA.ORG Shaping the Future of Aerospace



Microjet Sensitivity to Reynolds Number — Lift @
a= 8, M,=02,C,=0.005

Reynolds number Baseline Baseline +Microjet +Microjet ACY
CL CD CL CD
Reprac = 3.26 x 10° 1.752 0.1698 1.866 0.1903 0.114
Renrac = 24.6 x 10° 1.815 0.1706 1.935 0.1927 0.120
Reynolds number Baseline +Microjet Inboard Microjet Outboard Microjet
Cr Cr ACT XC
Rearac = 3.26 x 10°  1.752 1.866 0.079 0.035
Reprac =24.6 x 10°  1.815 1.935 0.079 0.041
; GJAIAA.
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Microjet Sensitivity to Reynolds Number — Lift @

a= 8 and M, = 0.2
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Dashed lines represent the computational results, while the solid lines represent the trends fit by k\/C—u
: JAIAA.
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Microjet Sensitivity to Reynolds Number — Lift

Inboard flap microjetﬂ = 1.0 and ¢, = 0.003
Uso

2.2
2.0
Microjet-induced AC; = 0.08
o« 1400 Ib (approx. 7 passengers)*
U'1.6
1.4
iy /
1219, —e— Ruac = 3.26M, Baseline (no microjet) . e . L .
¢ -e- Ryac = 3.26M, Inboard_flap microjet, C, = 0.003 P. Meredith, “Viscous Phenomfena A}ffectmg High-Lift Syst.ems and Suggestions
[ . L for Future CFD Development. High-Lift System Aerodynamics,” AGARD CP 515,
—8— Rmac = 24.6M, Baseline (no microjet) 19(1)-19(8), 1993
. ~e- Ryac = 24.6M, Inboard_flap microjet, C, = 0.003 PP- o 1999,
1.0
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a [deg] @‘ 44_
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Microjet Sensitivity to Reynolds Number — Oswald Efficiency
Inboard flap microjet% = 1.0 and ¢, = 0.003
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Microjet Sensitivity to Reynolds Number — Oswald Efficiency @

Inboard flap microjetﬂ = 1.0 and ¢, = 0.003
Uso

CL Cp CL/Cp A(CL/Cp) e Ae
Repyac = 24.6 x 10°
Baseline 1.815 0.1706 10.64 - 61.5% -
Inboard-flap microjet 1.894 0.1874  10.11 -0.53 64.0% [+2.5%
Repsac = 3.26 x 106
Baseline 1.752 0.1698  10.32 - 59.7% -
Inboard-flap microjet 1.832 0.1864  9.82 -0.50 65.1% [+5.4%

Microjet implemented for lift enhancement
increases wing efficiency
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Microjet Sensitivity to Reynolds Number — Trim Drag

. . U; _ _
» Lift coefficients required by the horizontal tail to offset the eI LDl Uy 1.0-and ¢, = 0.003

pitching moment effects are supplied to the drag polars for o34 | ‘ | ‘ |
trlm drag eStImateS —e— Rumac = 3.26M, Baseline (no microjet)

=& - Rmac = 3.26M, Inboard_flap microjet, C, = 0.003
s —e— Rmac = 24.6M, Baseline (no microjet)

=& - Rmac = 24.6M, Inboard_flap microjet, C, =0.003
1

MAC
c0s(0)(Xtait—mac — Xeg) + sin(a) (Zigit—mac — Zeg)

-0.36

CLtrim = CLtailoff o CMtauoff

—— ' g

C-Dtrim CDtotal ACDtrim -0.38 lk\\

re—trim

a=38.0°and M = 0.2 Cp,
Reyrac = 24.6 x 108
—0.40{ >

Baseline 0.1706 0.0173  0.1879 - |
Inboard-flap microjet 0.1874 0.0186  0.2060 0.0013
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Renrac = 3.26 x 10° =0.42[ =5 T T
Baseline 0.1698 0.0153  0.1851 -
Inboard-flap microjet 0.1864 0.0161  0.2025 | 0.0008 042 4 6 8 10 12 14
a [deg]
Microjet implemented for lift enhancement increases
trim drag by ~ 0.5% total drag @A_ AA
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Summary

» Demonstrated that microjets have the potential to enhance high-lift performance across Reynolds numbers
of 3.26M and 24.6M

» Trailing edge flow separation on the baseline configuration showed high sensitivity to Reynolds number

> At the flight Reynolds number, the onset of TE flow separation was shown to shift downstream resulting
in less flow separation compared to at the WT Reynolds number

» Outboard flap microjet lift enhancement was improved by 17% at the flight Reynolds number
» Inboard and outboard flap microjet lift enhancement was improved by 5% at the flight Reynolds number

» Computational investigations of AFC at appropriate flight conditions in addition to commonly used wind
tunnel conditions are encouraged to obtain representative results

» Inboard flap microjet for lift enhancement was shown to increase Oswald efficiency by 2.5-5.4%

» Microjet impact on trim drag was shown to increase ~ 0.5% total drag
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