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Computational Tools
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Computational Tools @

 Design Module: CDISC
Applies knowledge-based design rules to change geometry to match target pressure distributions

 Flow Solver: USM3D-ME
Solves Navier-Stokes equations on unstructured mixed-element grids

 Boundary Layer Profile Solver: BLSTA3D

Calculates boundary layer velocity and temperature profiles based on chordwise pressure
distribution assuming conical flow

 Boundary Layer Stability Analysis: LASTRAC

Stability analysis and transition prediction using eN Linear Stability Theory method with
compressibility effects
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CDISC Design Module &

« Like an inverse method, it determines the geometry that will produce a specified pressure
distribution

» Like a gradient-based numerical optimization method, it uses a direct-iterative approach to
minimize a flow quantity (e.g., the difference between target and analysis pressures) based
on sensitivity derivatives

» Constrained Direct-lterative Surface Curvature (CDISC) is a knowledge-based design method
using rules to:

— Prescribe sensitivity derivatives

— Automatically generate target pressures from flow constraints and current analysis
pressures

— Apply geometry constraints for robustness and nonaero requirements



Example CDISC Design
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Natural Laminar Flow Wings @

« Laminar flow significantly improves vehicle performance by reducing skin friction and profile drag

 NLF has been limited to aircraft components with low sweep and Reynolds number, primarily due
to crossflow instabilities

« Applying NLF to transport wings requires crossflow control. Options include:
— Reducing wing sweep
— Adding suction system
— Use Crossflow Attenuated Natural Laminar Flow (CATNLF) airfoils -
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CATNLF Concept Development @

NASA Laminar Flow Design Method

Crossflow Attenuated Natural Laminar Flow (CATNLF) design method changes the shape of
airfoils to obtain pressure distributions that delay transition by damping crossflow instabilities
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Example Transonic Pressure Distributions @
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Supersonic Application of CATNLF Method

NASA-JAXA Wing Body (NJWB) Configuration:

« Low-boom compatible configuration initially optimized for turbulent performance
« Design conditions: Mach = 1.6, C, = 0.1, Reyac = 118 million

« Critical N-factor = 13 for all boundary-layer transition types (TS/FB/CF)
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NJWB Design Results: Pressures and Geometry
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NJWB Design Results: Laminar Flow Extent

Flow

¢

Cart3D
........... USM3D

Laminar

Turbulent

Transition front on wing planform
showing 44% laminar flow

Configuration Cp [counts]
NJWB Baseline 82.6
NLF Design 78.4

4.2 drag counts (5%)
savings from baseline

16



Outline

« Computational Tools

« CDISC Design Module

« CATNLF Design Method
e Supersonic Laminar Flow

« Conclusions

17



Conclusions @

« Design method uses NASA computational tools
— Available for US Citizens: USM3D, LASTRAC
— Pending release for US Citizens: CDISC (includes CATNLF method)
— Not available: BLSTA3D

« CATNLF method uses CDISC design module to reshape wing airfoils to obtain large extents of
laminar flow

« CATNLF has been applied to supersonic configurations
— 2016 work to develop concept, applied to NJWB
— Current work by Bozeman to evaluate compatibility with low boom, applied to LBFD
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