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Joseph F. Horn, Background

A Current Position, Penn State University
I Associate Professor of Aerospace Engineering (2006 to present)
I Associate Director of the PSU Vertical Lift Research Center of Excellence
(2006 to present)
A Education

I BS and MS in Mechanical and Aerospace Engineering from University of
Virginia, 1990 and 1992

i PhDin Aerospace Engineering, Georgia Institute of Technology, 1999

A Experience
I Project Engineer, Piasecki Aircraft Corporation, 1992-1996.
I Senior Engineer, Sikorsky Aircraft Corporation, 1999-2000.
I Assistant Professor, Penn State, 2000-2006.

Associate Fellow, American Institute of Aeronautics and Astronautics

> >

American Helicopter Society (AHS)
i Technical Chairman of the 68" AHS Annual Forum, To be held May 2012
I Associate Editor of the Journal of the American Helicopter Society
I Past chairman of the AHS Handling Qualities Technical Committee
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Joseph F. Horn, Background

DoD funded research programs
Investigating effect of turbulence
on rotorcraft

ASimulation and Control of Helicopter Shipboard
Operations, 2001-2005

AAdvanced Modeling and Flight Control Design
for Gust Alleviation on Ship-Based Helicopters,
2007-2008

Alnnovative Rotorcraft Flight Control Systems
Options to Enhance Shipboard Operations, 2008-
2010

AHandling Qualities and Gust Alleviation
Characteristics of Helicopters Using Active
Rotors, 2009-2011

ANumerous journal and conference publications
related to airwake turbulence

X-49A Program, 2001-present
S-92 Program, 1999-2000
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Time-Accurate Ship Airwake Account for Local Velocities
at Blade Elements, Fuselage,

Empennage, Tail Rotor

Velocities from CFD

Linear look-up "
algorithm
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QOutline

A Introduction

A Computational Fluid Dynamics Calculations of the
Urban Airwake

A Flight Dynamics Simulation

A Flight Testing

A Simulation Results

A Conclusions and Recommendations
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CMH Heliport

A Located on roof of -
Childreno6ts Memo Bl
Hospital, 411 ft above '
ground level

A Raised platform for
touchdown and liftoff area

A Urban location, numerous
tall buildings are in vicinity
of the heliport
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CMH Heliport

Heliport application defines two

approach paths as required by
lllinois and Chicago regulations
I Two paths more than 90 deg apart
I 8:1 approach surface clear of

buildings and obstructions
Other approach paths may be
used

Twin-turbine EMS Helicopters

Proposed Wind Limitations
I 25 knots Mean Wind
I 15 knots Gust Spread

Wind monitored on CMH rooftop
by Super AWOS
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Tall Buildings to the W and NW of Heliport

L
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Helicopters and Airwake Turbulence

r v

A No specific FAA requirements A United Kingdom CAA, 2004

on airwake turbulence Study: NHel I copt
A FAA recommends guidelines Turbulence Criteria for
provided in FAA/RD-84/25 Operations to Offshore
I Size and complexity of Pl atformso
buildings are beyond scope I Standard Deviation of Vertical
of simple formulas provided Velocity < 4.6 knots
in FAA/RD-84/25 I Study used modeling and
i FAA/RD-84/25 recommends simulation methods similar to
wind tunnel testing in this those used in this study
case A Department of Interior
A FAA requires helicopters Guidelines on Light
observe wind limitations Helicopter Operations
published in flight manuals i Mean Winds < 30 knots

I Gust spread < 15 knots
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Urban Airwake Effects

A Buildings will alter the time
averaged flow field (mean wind
speed and direction)

I Shelter Effect (or blockage): wind speed
may be reduced on leeward side of
buildings

I Venturi Effect: wind speed may increase
when air is forced down narrow channel

A Vertical component of wind may be
produced as air is forced up and
over buildings

A Buildings will also produce time
varying component to wind, i.e.
Aturbul enceo
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Helicopter-Ship Dynamic Interface

A US Navy has been interested in
airwakes for many years

A Helicopters operate in airwake
of a ship

A Navy conduct systematic
ADynamic I nterf a
define operational limits for
wind speed and direction

60
50
40

<]

A Substantial amount of research
on modeling and simulation of
dynamic interface

Relatlve Wind
Speed (kn)

A Final qualification is based
entirely on flight testing and

pilot opinion.

CMH Heliport Hearing 10 June 23-24, 2011




Statement of Work

CDI SOW: Perform urban airwake flow field calculations in support of

rooftop heliport analysis

.
.
.

Joseph F. Horn SOW: Investigate effect of wind and airwakes on

Develop CFD computer model of Streeterville Area
Baseline CFD computer model validation

CFD calculations with proposed heliport for two to three wind
conditions

Document results

hellcopter response and control margins

Integrate flight dynamics simulation with CFD flow field
Set up input to simulate a representative helicopter

Define two to three critical wind conditions and calculate control and
power margins along approach path and over heliport

Analyze efficacy of proposed wind measurement system
Document results
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Analytical Approach

A Use approach similar to dynamic Interface simulation

CFD Calculation of Urban Airwake
I Benchmark against RWDI wind tunnel data

Flight dynamics simulation of Bell 206L3
I Validate with flight test data

Integrate CFD Airwake Database with Flight Dynamics Model

™

™

>

Pilot model performs simulated approaches
I Validate integrated model with flight test data

CFD Airwake
Database

Commanded
State

Helicopter Flight

Dynamics Simulation [NTeet
State
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Analysis Helicopter

A IDOT Bell 206L3
I Available for flight test

A Single Turbine, ~4000 Ibs
Gross Weight

A Conservative choice for
analysis helicopter

I Relatively small for aircraft
that would use heliport

i Low disk loading (more
susceptible to turbulence) A Helicopter operating near

I Teetering rotor design more maximum gross weightin
prone to low control margins simulations and flight tests

I Can be susceptible to low i Relatively low power margins

control margins in yaw, loss
of tail rotor effectiveness
(LTE)
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Winds and Approach Paths

A Looked at three different approach paths
I Southeast approach
I Northeast approach
I East approach over park with left turn into heliport

A Focused on historically common and most critical
wind cases
I Northwest winds

I We st winds with two different r e
boundary layer

I Southwest winds
T South winds
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Winds and Approach Paths
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QOutline

A Introduction

A Computational Fluid Dynamics Calculations of the
Urban Airwake

A Flight Dynamics Simulation

A Flight Testing

A Simulation Results

A Conclusions and Recommendations
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Jeffrey D. Keller, Background

A Current Position, Continuum Dynamics, Inc.
I Senior Associate (2011 to present)
I Associate (1997 to 2010)

A Education

I BS and MEngr in Aerospace Engineering from Rensselaer Polytechnic
Institute, 1990 and 1991

i PhD in Mechanical and Aerospace Engineering, Princeton University, 1998

A Experience

I Principal Investigator for CFD based ship airwake database for MH-60R
helicopter flight trainers for U.S. Navy (developed by CAE USA, Inc.)

I Principal Investigator for rotorcraft advanced aerodynamic model (module)
development and integration in rotorcraft shipboard simulation / trainers

I Led/supported numerous projects for air vehicle aerodynamics and flight
dynamics modeling and flight controls development

A Continuum Dynamics, Inc. (CDI) has broad background in aerodynamic
modeling and simulation including development of engineering modeling
software
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Terminology Definitions

A Terminology that will be used as part of presentation

Airwake: Disturbed air (wind) field due to the flow around a building or
structure

Boundary Layer: Region of flow field near surface where fluid states
change rapidly (e.g., velocity goes to zero)

Atmospheric Boundary Layer: Boundary layer near earth surface
created due to viscous flow effects and flow around obstacles

Computational Fluid Dynamics (CED): Fluid flow simulation technique
in which basic physical equations for fluid flow are applied on a
structured or unstructured grid

Viscosity: Fluid property analogous to friction; causes velocity at non-
moving surface to be zero (related terms i inviscid/viscous flow)

Vorticity: Measurement of rotation or swirl in fluid flow (related terms i
vortex, shear layer)
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Problem Statement

A Determine wind field for use in helicopter flight dynamics study

A Wind field varies with:
I Height above ground (atmospheric boundary layer)
I Location relative to buildings (airwake)
I Time

A Wind field needs to be defined at sufficient resolution over region
where helicopter will operate
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Solution Approach

A Use Computational Fluid Dynamics (CFD) analysis

A Why this approach?

I Site measurements at sufficient resolution difficult to obtain;
also represent conditions at day/time measured

I Experimental (e.g. wind tunnel) data easier to control but also
difficult to obtain at resolution sufficient for flight dynamics
analysis

I CFD is the next best alternative
A CFD modeling techniques have matured significantly

A CFD model needs to be well suited to capture important physics
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Solution Approach (2)

A Consider physics of flow around building (picture changes
depending on onset wind orientation to building)

Flow separates
from edges

Far wake T
Anvel oci t
At ur bul e

y
n

Flow reattaches
locally

Hor seshoe Agroundo

CMH Heliport Hearing 21 June 23-24, 2011



Solution Approach (3)

A More on the flow physics &
I Flow separates at sharp edges of building T effectively inviscid
I Flow re-attachment depends on fluid viscosity
I Flow separation gives rise to shear layers (vorticity)

I Vorticity (shed vortex) from building separation yields
Atur bul enceo in far wake region

A Other considerations
I Interactions between buildings is complex

I Cumul ati ve effect of multiple bu
(i.e., using an atmospheric boundary layer model)
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CFD Model Description

CFD analysis used two models (software tools) developed at CDI
I CGE (Cartesian Grid Euler)
I VorTran-M /VTM (Vorticity Transport Model)

Inviscid model

> I

Uses unigue method to preserve vorticity in wake

™

Coupled analysis:

I CGET flow separation
I VIMTf ar wake
Primary inputs:

i Building geometry mmmp
I Upwind conditions
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CFD Model Description (2)

APPROXIMATE
z . FLOW DIRECTION
A CGE model predi ct e BUBBLE EXTENT

A Captures separation and
Abubbl eo

HANGAR Predicted Surface Velocity

FACE

HANGAR
EACE APPROXIMATE

BUBBLE EXTENT

AFT HANGAR DECK

: : Measured Oil Flow Profile
Simple Frigate Model Geometry (from Cheney and Zan 1999)
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CFD Model Description (3)

A Upwind conditions:
I Wind speed / direction
I Atmospheric boundary layer profile
A Atmospheric boundary layer

varies with time of day oglaw
g Power law, a = 0.32
(source of uncertainty)

N
o
o

<«— Hgt. of Hancock
Tower

A CFD analysis considered two
steady profiles:

I AUrban profil eo
I ASubur ban prof.
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<—— Hgt. of CMH
Helipad

A No nat mospheric
. 20 30
IntI’Od Uced Wind speed profile, m/s

nUrban Profiled for

CMH Heliport Hearing 25 June 23-24, 2011



CFD Model Description (4)

A Upwind conditions:
I Wind speed / direction
I Atmospheric boundary layer profile

A Atmospheric boundary layer
varies with time of day
(source of uncertainty)

Power law, a = 0.22

m
N
o
(@)

<«— Hgt. of Hancock §
Tower

A CFD analysis considered two
steady profiles:

I AUrban profil eo
I ASubur ban prof.
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Helipad
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IntI’Od Uced Wind speed profile, m/s
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CFD Model Application

A Input Geometry i Portion of Streeterville section of Chicago, IL

I Geometry from
RWDI study

I Added buildings
that may produce
airwake near
helipad

F!?;'af\

I-. Il} =l-
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CFD Model Application (2)

A Buildings Producing Significant Airwake
1. Hancock Tower
Water Tower Place
Olympia Centre
900 N. Michigan

Park Tower

O g Y
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CFD Model Application (3)

A Simulated Wind Conditions 7 Based on historical data
I Midway Airport data (reported in RWDI study)

I Strong winds from south/west
guadrant typically

I Historical data
<20 mph 93.3% probability
<30 mph 99.9% probability

A CFD calculations used wind speed
of 10 m/s =22 mph

A Note: Referenced to 10 m height

Midway Historical Data Wind Rose
Annual Winds Exceeding 20 mph
(From RWDI Study)
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CFD Model Application (4)

A Calculation Matrix i CFD calculations to provide wind data for

helicopter flight dynamics analysis

S12

S13

S14

wind Wind Comments
Direction Profile
NW Suburban | Building airwake over helipad
W Urban Building airwake over helipad
W Suburban | Building airwake over helipad
SW Urban
S Urban
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CFD Model Application (5)

A Outputs i Predicted wind field
I Over helipad (60m cube)
I Along approach path
I Minimum spacing =1.5m
I Output grid coarsens
further away from helipad

Output Grid Extent for

150-degree Approach )
Northwest Wind Condition
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CFD Model Application (6)

A Outputs i Predicted wind field
I Over helipad (60m cube)
I Along approach path -
i Minimum spacing = 1.5 m TI‘*“"U r[ =

=
i Output grid coarsens L *ﬂ 1""5_' =
further away from helipad ~=..~ ﬁ}t

Output Grid Extent for

57/90-degree Approach )
All Other Wind Conditions
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CFD Model Application (7)

A Solution Procedure i For a specified wind condition (direction
and steady upwind profile)

I Converge quasi-steady flow solution (CGE only; no VTM)

I Enable VTM and run for prescribed number of time steps

I Out put wind field velocupypdat ac
I Output data for predefined grid at multiple time steps

I Store data for input to flight dynamics analysis
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CFD Model Results

A Winds from west
AfAdSuburbanodo profile

A lllustration of instantaneous
shear layers / vorticity
surfaces due to separation

CMH Site

CMH Heliport Hearing 34 June 23-24, 2011



