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Turbulent flow separation prediction —r

.. _ Phase 1: Development of nhew capabilitie Toward unsteady pressure measurement on conventional
limits designs and adds cost - . | .
New tunnel hardware wind tunnel models by compensating for tubing

Predicting flow behavior and performance at the edges of the flight mprovements to side wall balance to Unsteady pressure:

envelope remains a significant challenged due presence of large nandle the large loads associated with § * Flush-mounted sensors are impractical on 100+ pressure taps.

unsteady and three-dimensional separated regions. nigh-lift configuration testing. « Conventional pressure tubes attenuate the signal, losing transient

behaviors and resulting in averaged outputs.
Our approach:

Quantitative wake survey system
(QWSS) capstone in 2025
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Significant | |  Employ tubing compensation technique (Wiener Deconvolution)
dlijsépt)\;s\llgté%s Larger Separaton Scanning of as-built tunnel to reconstruct the unsteady signal.
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Measurement of tunnel geometry,
turbulence and uniformity to aid
validation of simulation tools
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Comparison of oil flow visualization and equivalent CFD simulation on HL-CRM model [1]
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KWT scan as seen by the scanning software. e s o3 00 635 640

Deployment of quantitative off-
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“Critical need for a vastly improved computational capability for
high-lift airplane design, system development, and product
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Schematic of calibrator device and typical output for the reference sensor (top-left); remote

certification’... by acquiring more wind tunnel data bOdy partICIe Image VelOCImetry sensor (bottom-left); compensation algorithm (right).
In the KWT for the first time Why use a Splitter Plate?
- Slotnick & Mavriplis (2021) Proof of PIV data on side-wall balance » Continuous wind tunnels have very thick and non-canonical
calibration model. Identified spanwise boundary layers that will alter half-model loads
Our role HS-CRM in KWT during PIV testing travelling mode similar to stall cells « KWT's test section has chamfers which limit max AOA.
* Close integration with the CRM ecosystem, of which Boeing is N7 —— R m0.012 Solution Is a splitter plate with conljrollec BL
a leader, and designed the HL configuration. i ioz/?/’b;//;i\\\} '0.007 Trailing Edge _ Traverse-pitot inserts__Seltlly =00° Features
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o Sensitivities of slat bracket wakes and flap separation, EOIS_ g EO_S E -0.004% Flow Pulled flat and
identified as areas of great uncertainty and modeling :E [ . _____ E - (’ HH \ I-o.oog’l __together by c-
challenge by the HLPW series. I a0 Mode 2| o014 - channels
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separation features. We focus on critical unsteady
panel

Most energetic POD modes of top-down PIV data, representing a mode pair shifted by half the spanwise

measurement capabilities (PIV, unsteady pressures, length scale. Flap to control
unsteady TSP for surface topological evolution and Pressure stagnation point
streamlines). Data-driven Reconstruction of Sparse Measurements tap
o Leverage data-driven modeling expertise at UW focusing on .
i f ; ol data (t | Temporal Super-Resolution -
augme_n alion o expe_rlmen al data ( empora_ SUPET- e 2D2C PIV data is non-time-resolved (TR), under-samp”ng unsteady Splitter plate CAD design, mounted onto the tunnel’s test section west wall.
resolution and extraction of unmeasured variables). . . . .
separation dynamics, which can lead to aliasing U ming Ph Do (e oy
Leveraging the Kirsten Wind Tunnel to « Our approach is to use sparsely-placed unsteady wall-pressure sensors PEO LGRS oo s ARG s
test 4% CRM-HL test to estimate the TR evolution of 2D2C PIV flow-field using an LSTM capabilities to explore high-lift configuration
o neural network [2] sre ol : : |
sensitivities and improve design tools

Tests will be conducted in the 8 x 12 ft Kirsten Wind Tunnel (KWT) Estimator
i i . MARASAAMIA AL AR AN [
at the University of Washington on a half-span HL-CRM model. PIV-synchronized W

wall-pressure

| network)

Combine 2D3C (Stereo)PIV with unsteady surface
pressure measurements to create simultaneous
estimation in 3D flow [2].

TR PIV
2? | | | : e L :
‘ Latent Encoder time-series 2025 Splltter plate qualification testing and
Non-TRPIV | :_:j- (e.g., POD) completion of tunnel preparatory work
time-series . L
/c'ime Late 2025-Early 2026: Testing of relevant high-lift
Inference of Unmeasured Variables models in KWT
Top View of Kirsten Wind Tunnel « Current development of physics-constrained models to infer out-of- References
plane velocity and pressure flow-field from 2D2C PIV 111to et al.. HLPW-3. 2017, NS[HB
Left: KWT top view [3]. Right: CRM model with splitter plate integration.  Volumetric 3D3C reconstruction from multiple 2D2C PIV planes 2 Manohar et al., Exp Fluids, 2023.
3] KWT Technical Guide EHSNE
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