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Dynamic Interface
Design Through Certification

e Aircraft Recovery
e Operability enhancement — SAFE DI
e Operablility assessment — AVT102



Two Body Interactions in Multiple
Unsteady Fluids

« Context : Seaway and Air Wake Effects on Shipboard
Aircraft Operations

* Objectives: Enhance
— Aircraft Design & Operation
— Ship Topside Design & Operation
— Flight Simulation, Testing & Certification

 Development & Validation
— Aircraft & Ship Topside Geometry Definitions
— Aircraft & Ship Airwake Computations
— Aircraft & Ship Wind Tunnel Tests
— Flight Simulations
— Sea Trial Measurements



Aircraft Recovery Model
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Ship Motions Response in Waves

e Criteria / References:

— Deck Motion Criteria for Carrier Aircraft
Operations, J.H. Pattison and R.R. Bushway

— NATO STANAG 4154 — Seakeeping
— NATO STANAG 4190 — Seaway Definition
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SAFE DI

e Reference:

— Ship-Aircraft Air wake Analyses for Enhanced
Dynamic Interface, Project Execution Plan,
David Findley, Susan Polsky, and John
Pattison, August, 2002




Dynamic Interface Background
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DI Flight Envelopes
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US Navy Safe Dynamic Interface
Program (SAFEDI)

 Need: Improved aircraft launch and recovery capability

— Recovery is limiting factor

« Ship and aircraft dynamic behavior in unsteady sea and wind flow
fields

* Two-body interactions controlled at human interface for each
vehicle; not coordinated
— Capability defined by Safe Operational Envelope
» Determined experimentally
* Full Scale Trials
— Environmental uncertainty limits statistical significance of data sets
— Pilot safety concerns restrict definition of boundaries of safe operation

* No influence on system performance since dominant design
parameters influencing operability are fixed

— Geometry
— Control
* Knowledge gained from trials has limited applicability to new vehicle
designs

— Robust simulation of two-body interactions investigated
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SAFE DI Program Goals

1. Capability to model ship air wake with sufficient
fidelity to evaluate effects on DI

2. Develop and analytically based modeling tool
to evaluate computationally generated air wake

— Is the wake benign or hazardous

3. Incorporate CFD air wake into manned
simulation for refined Dynamic Interface (Dl)
evaluations

4. Develop capability to model and evaluate
effects of coupled aircraft wake and ship air
wake interactions



SAFE DI
Air Wake Modeling Technology Barriers

Technical Objective Technical Challenge

« Effect of Geometric  Complicated
fidelity geometric features
Induce multiple
turbulence scales

 Potential flow models
do not provide
sufficient resolution of
alr-water free surface

 Effect of atmospheric « Complicated

boundary layer boundary condition

development
Capture effects of fluid viscosity on Ship Motions and Ship Air Wake

» Effect of ship motion



Viscous Computational Modling
LHA with opague iso-surfaces of vorticity

« Flat Ocean Effect of island
 No Atm. Boundary Layer /
* No Ship Motion

 Fully Viscous
 Unsteady, Time Accurate T~ Deck spot 7

Edge

vorticiei
Periodic shedding

from bow (burble)

\ . LHA with opaque iso-surfaces
Separation ..
off bow of vorticity






Validation with Experimental Data

Wind Tunnel



Validation with Experimental Data

- 1/120" scale model
Data plane (Spot 4, X=23.5in)



Validation with Experimental Data

U, V, & W Mean Velocity Component Comparisons
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Validation with Full Scale
Ultrasonic Anemometer Data



Validation with Time History Full Scale Data
LHA Spot 7

40
Mean: St. dev:

m .
g 31.11  3.45
=] 27.44 3.38
15
4
2 0 Mean: St. dev:
< -0.54 1.72
= g -0.72 1.69
g Mean: St. dev:
< -0.52 1.21
=z g -1L.77 2.06

Experimental

Time, sec (120 secs of data) CFD




Validation with Time History Full Scale Data
LHA Spot 7
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Computational Results

e Ship Motions

— Viscous computations that resolve ship-sea interactions
compare favorably with experimental data
— Time intensive — limit the ability to influence design options

— Potential flow provides sufficient detail of DI Motion limits to limit
scope of viscous calculations

e Air wake

— Viscous methods capture essential physics with sufficient
resolution to evaluate aircraft responses in limiting conditions

e Coupling of ship motions to air wake

— Supports manned simulator requirements to test human machine
Interface and pilot limitations
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Develop an Analytically-Based Modeling
Capabillity to Evaluate CFD Generated Airwake

* Need a fast/efficient method for
preliminary evaluation of large amounts of
alrwake data

e Don’t understand flow structures which
present hazards to flight operations

o Definition of “hazard” changes for each
aircraft

 Validation



Analytical Tool Technology Barriers

Technical Objective Technical Challenge Enabling Technology

« Development of a » Must couple aircraft * FlightLab software
fast/efficient method aerodynamics with doing some of this for
for preliminary ship airwake time steady WOD

evaluation of large histories

amounts of airwake

data

« Identify/quantify of « Understand turbulent » CFD generated airwake
flow structures which flow physics provides unprecedented
present hazards to generating airwake amount of flow

flight operations phenomena information for analysis
« Provide for multiple » Model sufficient  Fidelity analysis
ship-aircraft fidelity airwake to results from approach
combinations capture features toward goal #1

relevant to wide range
of aircraft classes



Analytical Tool Technology Barriers

Technical Objective

» VValidation of
method

Technical Challenge Enabling Technology

« Data gathering &
Design of statistical
analysis

 Emerging
Instrumentation
technology for new
simulation software
enhanced for time
accurate (SBIR)



Incorporate CFD Airwake into Manned
Simulation for Refined DI Evaluations

( ) * |



Manned Simulation Technology Barriers

Technical Objective Technical Challenge Enabling Technology

o Utilize full fidelity of  Develop integration * Integration

airwake data schemes that are techniques currently
fast/efficient enough under development,
to handle large Advances in available
amounts of data in a computing power

real-time environment

» Determine required * No validated » Metrics developed

integration fidelity evaluation metrics through JSHIP program
and NAWC Ship
Suitability Branch



Model and Evaluate Effects of
Coupled Aircraft and Ship Airwakes



Coupling Technology Barriers

Technical Objective

» Accurately model

ship AND aircraft
— complicated,
non-linear
phenomenon

» Determine the
Importance of
coupling

® Develop

approximate method
that does not require
fully coupled analysis

 Enhance current
numerical methods

» Understand
underlying physics of
coupled airwakes

» Understand
underlying physics of
coupled airwakes and
develop model to
approximate the
physics

Technical Challenge Enabling Technology

 Emerging methods
geared to handle non-
linear flow

» Past work for V-22
coupled with LHA

* Boundary layer
turbulence modeling
uses similar approach



22kt
355°
Replicate
Actual
Event

Enabling Technology



$

Technical Approach

$ %

$

Ship Complexity

» Model Fidelity
Geo | Atm.BL | Motion [Coupling
Carrier
Assault
Amphib
Transport
Amphib

Destroyer




Technical Approach

Analytical Tool Development
and Manned Simulation
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Technical Approach
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SAFE DI Accomplishments

NAWC ILIR/TTCP
JSHIP

Experiment

CFD

Generic Frigate Shape



SAFE DI Accomplishments

* NAVAIR S&T Initiative
- SALTS Single Channel System Readied for Initial Lab T  est
- FLIHGHTLAB Modeling/Sim Environment Well Suited for
Parameter Sensitivity Study

* NAVSEA/ONR
- Ship Hydrodynamics
- Free-surface Wake Modeling

 NAVAIR/ONR
- Initial CFD-base Prediction Capability for
STOVL in Ground Effect
- Fix-wing High-Lift Program (ONR)

 Army/NASA RWV Aeromechanics Technology

- Advanced CFD Rotor
Modeling
- W.T. Test Data Base



NATO Advance Vehicle
Technology Group

e Accomplishments

— AVT102 — Investigations In Air Wake Control
for Safer Shipboard Aircraft Operations (US
Lead)

— AVT 112 — Assessing the Ability to Predict
Seakeeping Characteristics (US Lead -
Norway Is a participant)

— AVT 148 — Assess Ability to Improve

Shipboard Launch and Recovery (UK-CAN
Lead)




Summary: Aircraft Dynamic

Interface

o Maturity of Dynamic Interface Design through
Certification technology now supports US Navy
Programs of Record

* Ongoing efforts:
— Computational modeli

— Simulation development
— Dynamic Interface certifi

transition of US de

technology
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