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* High-Speed Impulsive Noise

origin - shock waves on the advancing side
concepts - advanced airfoil and blade planform shapes
to reduce the effects of shock waves
sweep, taper, anhedral, thin airfoil, number of blades

*» Blade-Vortex Interaction Noise

origin - unsteady pressure fluctuations during interactions
miss distance, tip vortex strength
concepts - blade planform shapes, active control concepts
to increase the miss distance or
to dissipate vortex strength
anhedral tip, number of blades
higher harmonic pitch control, individual blade control
porous leading edge, variable flap ( variable camber)
smart structures for on-blade control
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Government, industry, and academia
cooperation

B Promote national security, emergency response, and economic development

B Revitalize government and industrial investment in required technologies, products
and infrastructure

B Reconfigure rotorcraft activity to create renewed focus and optimize investment
efficiency and critical mass/syvnergy
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Active Vibration Reduction Study for Composite Helicopter Blades
with Dissimilar Characteristics (Dr. Sung N. Jung)
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1. AHS Forum64 IHST Safety Session #5971
e Overview Briefing
IHST Excom Dave Downey, FAA
@ DoD Helicopter Mishaps FY85—05:
Findings and Recommendations
USAF Colonel Pete Mapes

2. Regional Development
e® European Helicopter Safety Team Conference
e 24 [HST South Pacific Regional Conference




International Helicopter Safety Team
Overview Briefing

Dave Downey,
IHST Executive Committee
FAA

Worldwide Fleet Distribution By Region/Country

26,967 Hellicopter Total The IHST’s goals can

Cz;-nada South Africa O n I be reaChed

577

o through strong ties
Australia With the

1302

5% international

United States

Others 13217 communit
49%

New Zealand
657 /

2%

MeX|cu
343 Europe
1% Japa“ 3279

;f/ﬁ 12% Worldwide Helicopter Accidents per Year

1991 to 2005

o 4

Accident Count

We have a problem! 55 8 3 8 8 5 8 8 8
Year
mUS Civil mUS Military = Non US Civil and Military

= o @ < re}
=3 =3 =3 S =3

Source - Bell Helicopter
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JHSAT Achievements

s»Jack Drake / Jim Grigg : Co-Chairs

197 accident analyses completed - data from year
2000

150 safety recommendations covering 16
missions presented at IHSS 2007 in Montreal 19-
21 September 2007, addressing:

» Training
» Safety Management
» Safety Equipment

> Information JHSAT DR
> Infrastructure 2000 ED19TERD T—2% 0
> Regulatory =150 DA FZEHH
> Maintenance (IHSS 2007 TH=)
JHSIT Achievements

% Greg Whyte / Hooper Harris : Co-Chairs
“ Fred Brisbois SAC to replace Greg Whyte

+ Team formed with good representation from helicopter
operators.

“ Processes developed for managing recommendations
» Implementation
» Tracking effectiveness

« Early focus on SMS toolkit presented at IHSS 2007 in Montreal
19-21 September

% Currently processing JHSAT Year 2000 report recommendations

JHSIT O R
EBMERREANTF—LETHA
“JHSATD YA R DNIEF|FERTE
- SMS toolkit ( IHSS 2007 CHK)
-JHSAT 20004 ')AV RZEFRETH
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IHST Regional Developments

% 1st Regional Conference held in New Delhi in June 2006 — JHSAT
process workshop in New Delhi in March 2007

% 2nd Regional Conference held in Melbourne, Australiain March
2007

% Latin American Regional Conference held in Sao Paulo, Brazil in
June 2007, with JHSAT process workshop —regional JHSAT/JHSIT
starting up

» Canadian and EU JHSATSs operational
% Future Conferences:

» Middle East — Nov 2008

» Far East

» Russia — COSCAP June 2008

» Europe — September 2008

o

0

IHST US Score Card
(Accident Rate of U.S. Civil Registered Helicopters)

IHST Start 2005

=
o

~ About 31.9% Reduction June 2007 **

o
....

'... 80% Reduction
'.,. Target Rate: 1.8
.,..
....

)
N |

2001- 2006 2007* 2008 2010 2012 2014 2016
2005

L

Accidents/100,000 hours

O P N W A 0O O N 00 ©
! ! | ! ! ! ! !

* 2007 Estimate Twice 1st 6 months
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IHST Score Card - Preliminary
(Accident Rate of All Civil Registered Helicopters Worldwide)

n
»

IHST Start 2005

v Starting Point: 5-year (2001 — 2005) Average of 9.4

About 13.7% Reduction June 2007 **

80% Reduction
Target Rate: 1.9

Accidents/100,000 hours
(6]

Ty
a
4 4 ] a,
vy
31 Yo
Tran
2 -
1 -
O T T T T T T T T T T T T
2001- 2006 2007* 2008 2010 2012 2014 2016
2005
* 2007 Estimate Twice 15t 6 months ** Preliminary Worldwide Flight Hours

Progressing Toward the 80% Goal

Significant IHST Program Events/Milestones

IHSS 2005 - IHST Established Sept 2005

JHSAT Established
JHSIT Established
IHSS 2007
JHSAT Report Delivered
SMS Toolkit Delivered
‘ Japan/Far East Region

JHSIT Process Devt

Worldwide Flight JHSIT Implementation Activity

Hour Data Mining China Region
EU Region ‘ S. Africa Region
AU/NZ Region IHSS 2009

‘ Brazil Region JHSAT Analysis Updates

JHSIT SEs and DIPs

‘ Canada Region
‘ Regional reps on Excom
‘ Russia Region
JHSAT/JHSIT Process Standardization Reviews
Regional re-visits
Performance Metrics
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Regional Development W& A A
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*Data Driven

This is a worldwide effort| “Regional Ownership
»JHSAT/JHSIT lead team

A structured approach will be used to manage the analytical
and implementation work sponsored by the IHST.

Key attributes:

All recommendations will be data driven

Regional ownership - Data is owned and analyzed by those
most familiar with it. Safety recommendations will be
implemented by teams most familiar with local needs.

JHSAT and JHSIT lead teams will be responsible for
training/coaching regional teams, measuring the results of the
safety recommendations and implementation effectiveness.

Summary

« IHST is making good progress
» European representative added to Executive Committee
» North American JHSAT report presented at IHSS 2007
» JHSIT SMS toolkit presented at IHSS 2007
» EHEST/EHSAT building on North American work

» Groups in Australia, Brazil and India committed to support
the IHST

SEDEH
e Implementation Activity
e IHSS 2009 analysis update/Implementation SE and DIP
o Regional Development
EHEST. Canada : in working
Middle East. S.Africa. Russia : conference in 2008
BKX 7
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O KHEFRAEEDRMBETH S (DoDFDHEID RAETIIZALY)

@ FY85-05 ) DoD classA-B AN TAZEET 945445 %1 &
9774 I8 - KH . 3800+ AMEIKIZE B
Service Safety Center NDEH T 71 ILIZE DL

® T—%-tvyhk
USAF : Safety Reports 88 Mishaps
DON: 393 Mishaps
USA Human Factor Mishaps: 25144, 278%%
USA Non—-Human Factor Mishaps: 2074 . 2074

-64-



-65-



-66-



-67-



-68-



-69.



-70.



-71-



Recommendations

* Technology Recommendations
(Life Saving — Requirements)

* Technology Recommendations
(Life Saving — Crashworthiness)
* Technology Requirements
(Aircraft Saving)

* Policy Recommendations

* Initiatives

* Needed
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O IHSTDEXIZKELS ML TLNVS
(DoDEDHERERELTHOS MM ENILAEH)

@ EMT—ANIXIHSATOFERIZEILEE bR,
Data driven T RecommendationZ3fiHi L TLY5
(BRPPTIXMERMAETIIHEZETEY)

® Implementation ActivityDETEIZE(ZDULNTIEXAEA
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Regional Development

European Helicopter Safety Team D ;& El

- 2006.Nov.14
- 2007

= 2008.Mar.6
» 2008.June.3—4

EHEST %2

FIZ EHSAT D{E¥% =Tk
(9A[EIZ regional analysis team)

EHEST 15t 08 meeting
EHSAT 274 08 meeting
(regional team analysis review )

= 2008.Sep.23-24 EHSAT 34 08 meeting

= 2008.Sep.25
« 2008.0ct.13

- 2008.Nov TBD

EHEST 27 08 meeting
EHEST 2008 Conference

EHSIT 1st 08 meeting
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Blank

Japan Helicopter Safety Team (& ?

HZAHST : Mr.Flater and Mr.Chowdhury
- 200818 E DRI IS FRAR L 1=
= Authority DS MIZEE
* AHS/IHSTIZ{AIRF TEL IR T %

IHST €At HE & Regional HST : Mr.Chowdhury

* Regional Ownership
B D) procedure (analysis. Implementation)
LFENIRE. EfRITB o115

» [HST [& procedure END X &
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<FFRREHE > 7 T 2B T DM ZE T AR I E OFE - (Dr. Hongyi Xu)

Aerodynamics Laboratory Programs

Aerodynamics Laboratory
Programs

* Fixed Wing Aerodynamics

— RDT&E in support of military and civilian fixed-wing aircraft
(Performance, Design, Stores and Missiles, Icing and Loads)

» Rotary Wing Aerodynamics

— RDT&E in support of military and civilian rotary-wing aircraft
(Performance, Design, Icing and Loads)

» Bluff Body Aerodynamics

— Aerodynamics of: cars, trucks, trains, buses, unusual structures, wind
energy and cables.

Aerodynamics Laboratory
Experimental
Aerodynamics Capabilities

Experimental Capabilities:

* 8 wind tunnels: subsonic to supersonic
* Icing capability in two facilities

* Glycerin facility (Low Reynolds) 9m WIT
* Advanced Measurement Techniques (PSP,
PIV, Infrared)
2m x 3m W/T

3m x 6m W/T 1.5m WIT
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Experimental &
Computational Aerodynamics

2m x 3m W/T

1.5m WIT

CP-140 (Aurora)
SLAP Program

CFD N-S CFD Panel

Modeling & Simulation
CAD Capabilities

* New Design >
— Drawings
— CAD software (PRO/E)

* Reverse Engineering
— Scan geometry
— CAD Software (PRO/E)

A 2
\ 4
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CFD Research & Development Activities within Rotary-Wing Program

CFD Research & Development Activities
within Rotary-Wing Program

Hongyi Xu and Norman Ball
Rotary Wing Program-Aerodynamic Lab
Institute for Aerospace Research
National Research Council of Canada

RW CFD R&D research

Bell412 helicopter modeling and simulation
— Grand challenge in aerodynamic research

Aeroelastic "\
Responce

« Unsteady M>
Aerodynamics

« Vibration TToads a

+ Noise o «+ Noise

« Performance
Dynamic stall

<O}
e
« Performance

Blade-Vortex
Interaction

) @)
—— « Vibration

. N

Tail-rotor "\

Interaction w

<
\
+ Empennage \

« Noise %\
Main rotor/ \ " Loads
H \ Fuselage floy
« Main rotor I a0 Tail rotor/
« Main rotor wake «Drag Fuselage flow
Performance, « Component
handling-qualities

« Performance,
Interference
loads

\* Vibration
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Earlier Research

(1) Quasi-unsteady Simulation of Flow past Robin helicopter
based on Chimera moving grid (2001-2003)

(2) Flow solver: WIND for quasi-unsteady simulation

(3) Blade motion include rotation and cyclic pitching

Earlier Research

(1) Earlier Simulation of
Flow past Bell 412
helicopter (1997-2000) Betiss sty an Fotor i
(2) Flow solver: NPARC
for steady simulation

(3) Rotor model based on -
Blade element method and

actuator-disc assumption

2:0.591

M !0.394
Q S LREE]
' i

0.001
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Recent Research

Unsteady flows past two-bladed rotor

— Simple two-bladed rotor in forward flight
condition
* The common benchmark set by Caradonna
» Blade operated at zero collective pitch angle
» Benchmarked by experiment and Euler results
» Good agreement with experiment and capable
of capturing the shock wave location
— CFD-FASTRAN code for unsteady helicopter
simulation

Two-bladed rotor

» Case I
— Aspect ratio at 7; tip Mach number at 0.8; advance ratio at

0.2 and r/R=0.89, see Chen et al. 1991

08
L}
06 -
0.4 -
4
02F// " .
- Bt "
o o/
0.2f]
|
. 04k B Experimental data by Caradona et al 04 B Experimental Data by Caradona et al.
m  Experimental data by Caradona et al. Euler calculation by Chen et al. . Euler calculation by Chen et al. !
0.6 Euler calculation by Chen et al. 06 ———— Euler results using CFD-FASTRAN 06 ———— Euler results using CFD-FASTRAN
Euler results using CFD-FASTRAN
08 . 08 g
08 ¥ =60 ¥Y=90
1 T TRTET ST TRUE TR TRNE TR U TR
0 01 02 03 04 05 06 07 08 09 1

1061626304 05 06 07 08 09 1
xlc

Py SN TN FUUNT FRUNE FRUEE FRURE FNEE RRTY RNE i
0O 01 02 03 04 05 06 07 08 09 1
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e Case I

m  Experimental data by Caradona et al.
05h Euler calculation by Chen et al.
| ———— Euler results using CFD-FASTRAN
orsf
B ¥=120
1T\\\\|\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l

01 02 03 04 05 06 07 08 09 1

xlc

Two-bladed rotor

| [ ] Experimental data by Caradona et al.
05 Euler calculation by Chen et al. ! 06
———— Euler results using CFD-FASTRAN
075 08
¥=150"
1 s b b b b b b b b bl
0 01 02 03 04 05 06 07 08 09 1
xlc

— Aspect ratio at 7; tip Mach number at 0.8; advance ratio at
0.2 and r/R=0.89, see Chen et al. 1991

m  Experimental data by Caradona et al.

Euler calculation by Chen et al. +
Euler results using CFD-FASTRAN

1
0 01 02 03 04 05 06 07 08 09 1
xlc

e Case ll:

| [ ] Experimental data by Caradona et al. \
05 Euler calculation by Chen et al. \
Euler results using CFD-FASTRAN
075
¥=30
1 1 1

1 1 1 1 1 1 1 1
01 02 03 04 05 06 07 08 09 1

Two-bladed rotor

— Aspect ratio at 7.125; tip Mach number at 0.76; advance ratio
at 0.25 and r/R=0.88, see Chen et al. 1991

0.75

05

025

5

0.25
| B Experimental data by Caradonaetal.| | 05 ®  Experimental data by Caradonaetal. | |
osp Euler calculation by Chen et al | - Euler calculation by Chen et al. \

——+—— Euler results using CFD-FASTRAN ——+—— Euler results using CFD-FASTRAN
075 075
¥=60 =90

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
01 02 03 04 05 06 07 08 09 1 01 02 03 04 05 06 07 08 09 1

xlc

xlc
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Two-bladed rotor

e Casel ll:
— Aspect ratio at 7.125; tip Mach number at 0.7634; advance

ratio at 0.25 and r/R=0.88, see Chen et al. 1991

/!
FIt
Hf
Ht
|
i
|
| B Experimental databy Caradonaetal. | | B Experimental databy Caradonaetal. | | B Experimental data by Caradona et al.
0sfr Euler calculation by Chen et al. | 05 Euler calculation by Chen et al. \ 05 Euler calculation by Chen et al.
———— Eulerresults using CFD-FASTRAN ———— Eulerresults using CFD-FASTRAN ———— Eulerresults using CFD-FASTRAN
075 f orsf 075
¥=120 ¥ =150 ¥ =180
1\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\\ i) 1\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l 1\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l\\\\l
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 07010z 03 04 05 06 07 08 09 1
xlc

Recent Research

* Fully unsteady rotor and Robin
helicopter modeling and simulation

* Flow solver. CFD-FASTRAN

» Full helicopter configuration with
rotor blade moving with rotation and
cyclic feathering motions
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Robin fuselage

 Isolated RoBin fuselage

— Pressure coefficient prediction compared with experimental data (NASA
report by Chaffin et al.)

05 05 05
= Expermental data L] Expermental data 04F [ Expermental data
———— WIND N-S results ——~&—— WIND N-S results —4—— WIND N-S result
025 ——O—— CFD-FASTRAN Euler results ——O—— CFD-FASTRAN Euler results 03fF ——O—— CFD-FASTRAN Euler result
025
02F
of ob 01f
& - & of
0.251- 025k 01F
02F
05 s 05 03fF .
x/R=0.0517 Station a x/R=0.0914 Station b osf X/R=0.145 Station ¢
~ PRI ERER S R SR SI SIS | r PRI ST S ST SR | b e L L
073 % 01 0.05 0 0.05 013 15 01 0.05 0 0.05 015 0.1 -0.05 R o 0.05 0.1
yIR yIR y
by =VIVy,

Robin fuselage

 Isolated RoBin fuselage
— Pressure coefficient prediction compared with experimental data

o05¢
3 3 0sf

o 3 o03f

02f 02f 0ok

o1f 01f ok

G of G of o of

o1f 01f ok

02 02 02f

osf 03F . o03f

oaf  X/R=0.2007 Station d oaf x/R=0.2563 Station e .

B 1 7Y T T 1 T S S U R T

yIR ¥R YR

O°F 0s¢ osp

3 (3 04

O3F 03f o03f

o2F 02 o02f

3 01f 01f

o ook o oF

m3 o1f 01f

02F 02 02f

o3F osf 03f

oab Xx/R=0.3497 Station g il x/R=0.4669 Station h 3 x/R=0.6003 Station i

2, ¥ L L 5 L 4 L L L | L s s s L s
B 01 006 0 005 01 05 R B T S S Y S W T BI5 01 005 0 005 01 05 02
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1 =VIV,

tip

Robin fuselage

» Isolated RoBin fuselage
— Pressure coefficient prediction compared with experimental data

cp
. °p

o0sf
oaf X/R=1.162 Station |

0sf
0af X/R=0.8809 Station j

0 005 01 F
yIR 15 01 005 0 005
yIR

o03f o03f
0af X/R=1.345 Station m osf X/R=1.5298 Station n

[ [
yIR yIR

1, =VI1V,

tip

Robin helicopter

* RoBin Helicopter compared with measurement by Elliott at NASA
— Induced inflow ratio definition and measurement location

:ui — V/Vtip
V. =0OR

1% C;

Qr 2
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ki = VIV,

Robin helicopter

* RoBin Helicopter with rotor moving at complex schedule
— Predicted induced inflow ratio compared with experimental data
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Robin helicopter

* RoBin Helicopter with rotor moving at complex schedule
— Predicted induced inflow ratio compared with experimental data

——+—— CFD-FASTRAN results ——+—— CFD-FASTRAN results
——+—— CFD-FASTRAN results [ Expermental measurements 0.03 [] Expermental measurement
004 [ ] Experimental measurement 003
0.03 0.02 002
002 001 o 0.01
001 o
0 . 001
n r
- 001 _— 0.01 -
= 02 = 0.02 = .0.02
oo oo oot
-0.04
- 0.04
0.05 v =180 005 =
0.06 L 1 L 1 1 1 | 0.05 y =210 oo v =240
0 02 04 05 08 T 12 T4 0.06 | | ! ! ! ! | AR AT WA WA WS W N |
IR o 02 04 06 08 1 12 14 0 02 04 06 08 B 12 14
R R
003 002 ——+—— CFD-FASTRAN results
002 — « CFD-FASTRAN results [} Expermental measurement
001 m  Expermental measurement o
0 [ ]
001 L] s =
. =002 u
= 002 o
-0.03
004 ]
-0.04 ol 230
005 = =
v =300 008 F sy oo
006 Ly b ) 0 1 12 14
0 02 [ 06 08 T 12 14 R

IR

- 100 -




DRDC Bell 412 Helicopter
Modeling & Simulation

Objective: Developing M&S capability for
Bell412 helicopter by combining the
expertise and efforts from AL and FRL.

AL: a. W/T powered model design and test
b. CFD study of Bell 412 with main rotor

FRL: a. Real-time blade motion measurements

b. Pressure measurement on fuselage

CFD

1. Study of Bell 412 isolated rotor
performance

2. Investigation of Bell 412 hover
performance under realistic hover
conditions

3. Investigation of Bell 412 in realistic
forward flight conditions

Key CFD components
in DRDC project

(1) Study of Bell 412 isolated rotor performance (downwash, tip vortex and
strong swirling flow)
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Key CFD components
in DRDC project

(1) Study of Bell 412 isolated rotor performance (downwash, tip vortex and
strong swirling flow)

Key CFD components

in DRDC project

(2) Isolated Bell 412 rotor in ideal-hover condition: Thrust and Torque on

rotation plane
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Key CFD components
in DRDC project

(2) Isolated Bell 412 rotor in ideal-hover condition; Radial distribution of thrust
and Power consumption

10000 -

8000 [
[ 20602 -

I —— Thrust coefiiclent
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Key CFD components
in DRDC project

(3) Investigation of Bell 412 performance under realistic hover and forward
flight conditions: Collective and cyclic pitch; FRL measurements

251
25 Flight Speed = 120.51 knots (A054353,R15)
Flight Speed = 0.0 knots (A054409,R16) cyclic pitch angle = 10.25 - 10.47sin(wt-10)

cyclic pitch angle = 7.43 - 6.16sin(et) 20F e N
o estimated e \
———— simulated / \\

> e estimated 2 \
815 simulated s 50 / \
g 3 10p
: 5
5 H /
a Py \ /
o 2 °F \ /
€ = \ y
=
N
of .
Py S T S W S T
60 8 240 300 360

azimuth angle (o, deg.)
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Key CFD components
in DRDC M&S project
Bell 412 hover performance under realistic flight conditions

(1) Rotor-fuselage interactions and Aero-
load on rotor rotating plane

(2) Blade motion schedule (8) Aero force on fuselage

250

Flight Speed = 0.0 knots (A054409,R16)
ol cyelic pitch angle = 7.43 - 6.16sinot) £t e3007)
~ . N A
3 esiimated FJpAVY and Average(1.196.06)
£ el o
g . =05
£ SO IEAAAAAD
£oF % e
] 27 'A“" %“'A\“’A“’A“’A\
g sp u® -1EDS N W
2
2 w2605
£ _ a0
«
N N N N N s OE000 80 1add 000 3160 2620 3880
50 120 180 240 300 360 rotation angle
rotation angle (o, deg.)

Instantaneous thrust coefficient
average thrust coefficient (0.004999)
take-off weight coefficient (0.004526)

0006 | ———— thrust history of blade-4

0004

Thrust coefficient
T

VPP e
oo A A /\‘ ,‘ i’ AN
KN N S
i - ]
2 e o e
rotation angle

(4) Lift and torque comparison with EXP

Key CFD components
iIn DRDC project

(2) Investigation of Bell 412 hover performance under realistic hover
conditions: Pressure comparisons

@ 1-0124E+05 1.0124E+05
1.0039E+05 1.0033E+05
9.9550E+04 9.9550E+04
9.8707E+04 9.8707E+04
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Fuselage pressure (N/m2)

Fuselage pressure (N/m2)
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Key CFD components
iIn DRDC project

(2) Investigation of Bell 412 hover performance under realistic hover
conditions: Pressure comparisons
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Key CFD components
in DRDC project

(2) Investigation of Bell 412 hover performance under realistic hover
conditions: Pressure comparisons
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(1) Bell 412 helicopter and Simplified
Frigate Ship (SFS2) model

DRDC Helicopter-Ship
Interaction project

(2) Bell 412 helicopter landing on

ship-deck in the environment of
ship airwake

— Potential research project:

* In-house development of
LES/DNS capability, next-
generation CFD tool, for
unsteady flow simulation
past helicopter:

(1) LES/DNS solving technique

(2) Adaptive Mesh Refinement

Future research
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Future research

Next target: Helicopter-Ship interaction
Major challenges:
(1) Accurate modeling rotor aerodynamics and rotor-fuselage interactions
(2) Appropriate way to capture air-wake from ship:

Incompressible, unsteady separation and vortex shedding, turbulence
(3) Interactions between rotor flow and air-wake

Compressible and transonic, moving geometry, airwake-,

rotor interactions

Blank
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Development of Engineering Turbulence Simulation Capability
with High-Fidelity to Turbulence Physics using LES/DNS

Development of Engineering Turbulence

Simulation Capability with High-Fidelity to

Turbulence Physics using LES/DNS
Hongyi Xu

Rotary-wing program, Aerodynamic Lab

Institute for Aerospace Research,

National Research Council of Canada

%&\_

Turbulence Simulation Research

* Uncertainty Analysis in Turbulence Simulation

1. Turbulence: A centenary problem for Fluid Mechanics community

2. Prediction of turbulence: (1) Hardware: computer with sufficient
RAM and CPU; (2) Software: Navier-Stokes solution technology

3. An uncertainty analysis with two tasks:

(1) Identifying the sources of errors based on turbulence physics
(2) Developing technology to efficiently reduce or eliminate these
errors
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Turbulence Simulation Research

e Computational uncertainty study in turbulence
1. Model errors (RANS, LES)

2. Discretisation errors

3. Solution errors

4. Boundary and initial condition errors

Model errors

e Criticism on eddy viscosity concept

. op , Opu. Opu. OpuU. ot
¢ Conservation laws ﬁp+ axi'—O /a)t'+ ax'. J:_S)F(’iJrax'_J
j j

¢ Constitutive equation for Newtonian fluid

ou ou ou. Ou.
Tij = Hijm 5Xm+6x:] isotropy assumption 7 A o, i U an+8Xi
opu; OpuY;  ap 5| 10y U
ooy e o o Ty
NC-CN3C
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Model errors

e Criticism on eddy viscosity concept

. —— ou
* Boussinesq hypothesis (1877) pu'v'= i E

* Prandtl (1926) mixing length hypothesis

—_ o Oou,
* Kolmogorov (1942)  pu'u'; = AS; + i1, [%Jr%J
Xj X

Turbulent eddy viscosity check

* Temporal DNS- turbulence energy spectra (wall-bisector)

5 5 5 5 %

nergy E,., E,,. E,, (x)

e energy E,,, E,. E,, ()
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* Temporal DNS-

Turbulence energy E, . E. .,

Turbulent eddy viscosity check

turbulence energy spectra (line passing convex corner tip)

e ()

€, wrbulence ntensity in x
E.% wrbulence intensity iny
Ex--wibulence intensity in 2
Kelmogorov 513 law

.. wrbulence intensity in x
" turbulence intensity n y
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Turbulence energy E, . E. .,

G i
Wave number

o B (%)

Turbulence energy spectia at (y.2)=(0.759318, 0.999574)
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i

|
Wave number x
Turbulence energy spectra at y,2)=(0.996511, 0.999574) -

Turbulent eddy viscosity check

* Temporal DNS- turbulence energy spectra (corner-bisector)
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Model errors

¢ Solutions:

* Anisotropic model based on
more general form:

* Grid-dependence study of
LES and Ultimate grid-
independent results of DNS

Discretization errors

1. Caused by the implementation of numerical

algorithms to discretize the governing equations

2. Methods to minimize the errors:

(1) High-order schemes (Global minimize)

(2) Increase grid resolution (Smart minimize-AMR)

a. Geometry adaptive--solution for complex geometry

b. Solution adaptive--solution for unsteady vortex flow

3. RANS(upwind scheme)
4. LES/DNS (central scheme)
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Discretization errors

3. Demonstration of discretization error reduction through grid dependence study
(grid refinement)

—=—— LES, R,=200, WBS, AND, grid-130x130x130

|—=—— LES, R_=200, CBS, AND, grid-130x130x130
—=—— DNS, R, =200, WBS, AND, grid-256x258x258

|—=—— DNS, R, =200, CBS, AND, grid-256x258x258

| L Ll L1 1
0.2 0.4 0.6 0.8 1
Normalized diagonal distance

N3C-CN3C

02 04 06 08
Normalized wall-bisector distance

Discretization errors

3. Demonstration of discretization error reduction through grid dependence study

Law of the wall U=y’ (Standard)

. - = Law of the wall U'=3.2In(y")+3.9 (Gavrilakis 1992)

Law of Wall U'=3.2In(y’)+3.9 (Gavrilakis [1992]) Law of the wall U'=2 5ln(y")+5.0 (Standard)

Law of Wall U"=2.5In(y")+5.5 (Standard) 0, WBS, SQD, Gavrilakis (1992)

DNS, R, =200, WBS, AND, OTW, grid-256x258x258 S e e <caleby

DNS, R, =200, WBS, AND, INW, grid-256x258x258 0, WESS, AND, W, grd-256,C058x058, seated by
DNS, R, =150, WBS, SQD, Gavrilakis[1992]

LES, R_=200, WBS, AND, OTW, grid-130x130x130
LES, R_=200, WBS, AND, INW, grid-130x130x130

Law of Wall U'=y" (Standard)

. Channel, Moser et al. (1999)
5, Channel, Moser et al. 1999)

» 25 | ..o DNS, R(=590, Channel, Moser et al. (1999)
20 20
- 15
o 5
10 0
. 5
o o7
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3. Demonstration of discretization error reduction through grid dependence study

Law of the wall U=y" (Standard)
Law of the wall U'=2 Sin(y )

+5.5 (Standard)
-exp(-07/25)]

s
D)
480

. Law of Wall U =d;, (Standard)
—— Lawof Wall U’ =d, (Standard) Law of Wall U*=2.5In(d;)+5.5 (Standard)
———— LES, R,=200,CVC, CBS, AND, grid-130x130x130
——=4— DNS, R, =200, CVC, CB rid-256x258x258
———— Curvefitting DNS, CVC. exp(-d/5)]"
———— Curve-fitting DNS, CVC, U'=2.5In(d;)+8.0
——~—— Curvedfitting DNS, CCC, U"=2.5In(d,)+6.5 20
——=—— DNS, R, =200, CCC, CBS, AND, grid-256x258x258 [
15
5 wf &Jj
> [
sk
1 L 1 L
E 107 10° o7 107 10
d, d
n

1
10°

Discretization errors

1. Law-of-the-Wall:

U'=y’, y <10 U =25In(y)+50, y >20

2. Law-of-the-Concave Corner:

u*(d,

)=d; (1-¢/*), 0<d; <20 y*(d)=25In(d;)+65,

3. Law-of-the-Convex Corner

U =d; (1+e "), 0<d; <10

Law of the wall U'=y" (Standard)
Law of the wall U=2.5In(y)+5.5 (Standard)
-exp(-d/

30<d’ <100

U =25In(d,;)+8.0, 20<d; <100
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Solution errors

» Caused by the inability to completely converge the discretized
equations (the sparse algebraic system) using an iterative method
* Ascommented in Wesseling (2001), solving Poisson’s equation for the pressure
correction takes most of the time in computing non-stationary incompressible
viscous flows on staggered grids, unless a fast Poisson solver is used. Without it

large eddy simulation of turbulence would not be feasible.
» Solutions:

More robust solving technique based on Multigrid method;

Solution errors

* High-performance unsteady N-S solution technology
— Conventional and modified TDMA
— Flexible-cycle Additive-correction Multigrid
— proved being feasible for LES/DNS

 Square annular duct and Flow past square blocks

() R=2.276c-02 R-%.026e.03
——=—— Eq-p: CPU= 73255, Divergence 2.2e+0/5.9e-8 L )
—=—— Equation- p: TOMA without multigrid
——+— EQu:CPU=1964's, TDMA
——v—— Eq-v:CPU= 20405, TDMA ~ - Ay
——»— Eq-w: CPU=19.44 5, TOMA ! )

esidual

Normalized total r

Cyvele |

, \ | )
20 30 0 50
Iteration number -
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* Streaky structures

* Sweep and Ejection (Burst) events

Turbulence Simulations in Square Annular D

uct '

* 7 — wave found by Saric et al. (1984)

* Comparison with other DNS

aF

Nk
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Turbulence Simulations in Channel Flow

¢ Turbulence signals and their temporal and spatial power spectra

stantaneous signals
——— average (-0.001183)

—:=:=:= rms (0.09971)

0 20000 40000 60000 80000 100000 120000 140000 01525000 40000 50000 50000 100000 120000 140000
time step ime stej

—=— €,
—e— E.
—e— E,,
L L )
5 0

v
s Wooo
,| i B

Spectral power U

[ £
Wave number k
Turbulence energy spectra at (y,2)=() or (", z')=()

L
10

Errors from BC and IC

* Boundary and initial conditions (BC and IC)
— For RANS: (1) uniform flow assumption is adequate for steady flow;
(2) model errors often prevail the incorrectness in BC and IC
— For LES/DNS: BC and IC are unequivocal issues for resolving the
turbulence motions on a continuous spectra

* Turbulence simulation strategies
— Temporal simulation (TS): generate fully-developed turbulence

A strategy used by turbulence simulation community
— Spatial simulation (SS): capture spatial evolution of turbulence

The method already popularly used by CFD community
N3C-CN3C
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Errors from BC and IC

® Turbulence simulation strategies
— Temporal simulation:

a strategy used by turbulence simulation community

X (streamwise) / /
y (normal) L
S
MeanFlow |-~ xu
0 z (spanwise) “/

NC-CN3C

Errors from BC and IC

* Turbulence simulation strategies
— Spatial simulation:

a common practice within CFD community

£ o flow from annular duct

flow from sguae duct

I
' 1
Iy [spanwise) u

% [steeamwise)
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Importance of BC and IC

* Temporal LES/DNS
— Square duct and Square Annular duct ¥ (rorma)
— Importance of the simulations
— (1) understand the turbulence for
these particular flow configuration ~emFiow 2wz
— (2) build the turbulent inlet condition
for spatial simulation

X (streamwise)

X (streamwise)
y (normal)

Mean Flow |~
0

7 (sparmise)

Importance of BC and IC

* Spatial LES/DNS
— Confined Square Coaxial Jet
— Turbulence at inlet: fully-developed turbulence in
square duct and square annular duct

£ o flow from anmular duct

flow from square duct

1
y [spanwise) u

HEmmn N3C-CN3C
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Importance of BC d IC

— Turbulent Flow at Inlet of Square Coaxial Jet
» Mean streamwise velocity and Turbulence-driven secondary flow

Mean Turbulent Flow al Inlet of Square Coaxial Jet

v -ohN3C

Importance of BC and IC

 Reynolds stress distributions of u'u’ and u'v' at jet inlet
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Importance of BC and IC

» Animations of streamwise vorticity distributions o
on the two typical cutting planes of y=2 and y=1

Importance of BC and IC

» Animations of streamwise vorticity evolution
— Laminar, instability and periodic vortex shedding
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Conclusions

e Computational uncertainty analysis is conducted for turbulence
simulation: four major sources of errors are identified

* A robust unsteady solution technology, Flexible-cycle Additive-
correction multigrid (FCAC-MG), is developed

* Temporal and spatial simulation strategies are elaborated, which
leads to more accurate LES/DNS with realistic turbulent inlet
conditions

* Technical roadmap: turbulence simulation capability with high-
fidelity representation of turbulence physics

NC-CN3C

RANS-LES-DNS comparisons

RANS LES DNS
Equations N-S Eg. with turbulence | N-S Eq. with sub-grid N-S Eg.

closure model scale model
Grids Collocated grid Staggered grid Staggered grid
Discretization | Upwind scheme Central scheme Central scheme
Time-marching | Dual time stepping Fractional step Fractional step
Solving and One to two order of As high as possible As high as possible
convergence magnitudes (solvability condition) (solvability condition)
B.Conditions Steady, uniform flow Realistic turbulence, Realistic turbulence,

temproal simulation tempINRQ - CNRC

—- 122 -—



Overview of the Activities of the Fixed Wing Group

Overview of the Activities of the Fixed Wing Group

I *I National Research  Conseil national
Council Canada de recherches Canada

OVERVIEW

* Introduction
» Modeling and Simulation (CFD)
» Unsteady Aerodynamics, Morphing Wings
* Store Release
* Low Reynolds Number Airfoils
» Missiles, Supersonic Hypersonic Code Development
* Fixed-Wing Icing (Morphogenetic Techniques)
» Turbulence Models (LES, DNS, DES)
» Experimental
 Store Release Testing (CTS Development)
 Large Aircraft Tests
* Bombardier Tests
* Icing Tests
* Low Reynolds Number Tests
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Modeling & Simulation
Grid Generation Capabilities

e Structured Multi-block Grids

 Structured Chimera Grids

 Unstructured/Hybrid Grids

Multi-block

Modeling & Simulation
Store release program
Cavity flows challenge

AR Acoustic resonance P-B Plume-body interaction
P-F Plume flows S-BL Shock boundary layers
S-S Shock-shock interaction STF Separated flow regions
TBL Turbulent boundary layer USL Unsteady shear layer

0 B B 48

g:w L/ID=5
N — _ M =0.85
- —_nz] Rey =6.78 M
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Modeling & Simulation
Loads Prediction of Aurora
aircraft

N-S Solution:
M=0.564, J=3.13, a=3.9°
=3 CP-140 (Aurora) -
SLAP Program

* Combination of RANS and
in-house panel CFD codes.
« Actuator disc and blade-
element propeller models.

Panel solution:a=6°
J =0.552

CC130H CFD Loads Prediction
Open Ramp Door Effects

* Impact: contribution to service life assessment and repair
assessment of the CF’'s CC-130 fleet by providing accurate
estimates of aerodynamic loads
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Modeling & Simulation
Icing

Experimental Ice Shape

Morphogenetic model, 150s 7
Morphogenetic model, 300s

Experimental Ice Shape
Morphogenetic model, 61.8s

Morphogenetic model, 123.6s
Morphogenetic model, 185.4s
Morphogenetic model, 247.2s

“Lobster tails” on
swept wing

Morphogenetic approach

Bombardier
Half - Model Testing

% Model (7% scale) Tests CRJ900-X
performed in 1.5m x 1.5m tri-sonic
blowdown wind tunnel

Investigation of high-lift
aerodynamic characteristics of the
CRJ900-X configuration

— Extended fore and aft fuselage

Icing study on the Global Express Global Express
(electric de-icing capabilities)
— Aerodynamic characteristics

with simulated icing

Continued IAR support towards
performance enhancement of the RJ,
GE
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DND Store Carriage
and Release Wind
Tunnel Test Program

Three tests to be performed

Grid

Survey Investigation of launch and

Jettison of AIM-120 C-5

Capt

February 2007
Mach 0.6 and 0.8
FLIR Pod / GBU10 / EFT

ive Load Tests of MK-84

March 2007

Mach 0.8, 0.9 and 0.95

FLIR Pod / AIM-7

Review lateral loading of Mk84

PSP study on wing and store surfaces

Roll Characteristics of CF-18

Effect of FLIR Pod on aircraft aerodynamics | Grid Survey test within flow field of the

Tests conducted through Mach 1 0
+ From Mach = 0.97 to 1.05 6% CF-18 stores model

CTS - Final
Mechanical Design

Final design and in-house compone ryblsec SRISTROLL IO (1)

com

pleted

Custom motors completed

Wrist, elbow and roll joints
Delivered by end Jan '07

Instrumentation, cabling and software
integration in progress

Robotics and control algorithms

Store positioning system (Optotrak)

Multi-objective optimization o e a1
Collision detection BASE TRACK

CTS assembly completed and installed on
calibration rig by end Feb. '07

System commissioning
Integration with tunnel system Assembly of CTS

New CTS system will make current store release
capability more economical and efficient
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CFD Code Validation Using
NRC-IAR PSP Data

This work has important CED o
defense implications I

GBU-10 Store
FLIR POD Effects

Cp Distributions

PSP )
M=090& a =
45°
_ m ?
H PSP

S Vas GBU-10 + FLIR POD

\ﬁ\ CFD .vs. PSP

o8 CFD —— CFD-US

CFD Code Validation
Using NRC-IAR PSP Data

International TTCP program

CFD .VS. PSP

Pressure distribution on wing lower surface, M = 0.90, o = 4.5°
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CFD Code Validation
Using NRC-IAR PSP Data

International TTCP program

F-18/MK-83 BL 143 store Co M=0.90 o =4.5

Comparison of CFD predictions from TTCP nations

Cp distribution on lower surface of MK-83 LD store, M =0.90, a = 4.5°

Low Re Facility Status

 Completed
— Tank & access section

— Model & optical tracks &
carriages

— Mixing/filtering plumbing
* Qutstanding

— Motion system

— Services in M-22

— Access platform (minor)
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Modeling & Simulation
Low Reynolds Number

LES LE AND TE SEPARATION

- 100
HGR-01 AIRFOIL: o = 10, RE = 0.65M TRANSITION LOCATION a. =10

=

NRC XT =0.0154
TUBS XT =0.0159
b DIFF =0.05%C

TUBS PIV

200 280 300 350 400 450 10
chord=400mm  x[mm] X

L NI AR RN EET
[ I 0 0.01 0.02 0.03 0.04 0.05
xlc

u'v'/u?

Modeling & Simulation
Low Reynolds Number
RTO AVT-101

LES LOW-AMPLITUDE
OSCILLATIONS (RMC)

N e

SPANWISE VORTICITY OVER NACA — -
0012 PITCHING AIRFOIL AT RE=77K. SPANWISE VORTICITY OVER
STATIONARY a=4° AND PLUNGING
a=5.5 °+3°c0s(0.5nt)
SD7003 AIRFOIL, RE=60K.
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Hypersonic Flows

e ‘' Laminar

1 o
[ =g mamam w147

.—'J.OSJ

S"L:. / e Turbulent

- * . A ———— — sosow

Pressure coefficient temperature (bottom) distribution
on the space orbiter surface at M = 6 and Re = 3x106

Closing Remarks

The FWA Program of the Aerodynamics Laboratory has been
engaged in a number of projects involving numerical modeling
methods and wind tunnel tests.

The FWA program of AL has healthy collaborative projects with DND,
Industry and Academia

The FWA tables some good plans for future projects:

Aeroelasticity

Aeroacoustic Studies

Wing stall — roughness and ground effects
High Wing Loading Large Transport Aircraft
Morphing Aircraft

Blunt Trailing Edge Jets
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Any Questions?

Blank
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Blank
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International Helicopter Safety Team — Overview Briefing (Mark Liptak)

International Helicopter Safety Team
Overview Briefing

Mark Liptak
FAA ASA-100
IHST Program Director

Japan Helicopter Society briefing — April 17, 2009

Today’s Objectives

The case for change in helicopter safety

e |IHST program status - US and worldwide efforts

= Basics of analysis and implementation processes

= Basics of analysis findings - US fleet accident data set

< Invite stakeholders in Japan to consider working with us

Japan Helicopter Society briefing — April 17, 2009
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Worldwide Helicopter Accidents per Year
1991 to 2005

600
500
400 ,
300

200

Accident Count

100

4 o ® ¥ Ww o © N~ ©® o 9O o9 o ® s
> o o o o o o o o o6 ©o o ©o o o
Year

m US Civil  mUS Military = Non US Civil and Military

Source - Bell Helicopter

We have a worldwide problem!

Japan Helicopter Society briefing — April 17, 2009 3

September 2005 — Montreal

International Helicopter Safety Symposium (IHSS)

300 attendees from the worldwide helicopter
community

Unanimous position reached — unacceptable
trends

International Helicopter Safety Team (IHST)
formed

Japan Helicopter Society briefing — April 17, 2009
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IHST is a volunteer effort

Analysis and implementation processes developed
by the IHST, used by international participants

Data sets (accident reports), analysts from industry
and government formed and sustained locally

IHST assists with process training and
standardization, international coordination

IHST coordinates performance metrics
ongoing data mining efforts
seeking regional data sources (flight hours)

Japan Helicopter Society briefing — April 17, 2009 5

Worldwide Helicopter Fleet Distribution
33598 aircraft

IHST Partner

Australasia 1957 6%
Kick-off cpt

United States 14269 43%

Brazil 1050 3%

Canada 1887 6%

CIS 2000 6%

Europe 6860 20%

GCC 250 1%
South Africa 577 2%

0/
Others 3469 10% Japan 786 2%
India 150 0.4%

Mexico 343 1%
Outreach efforts

continue, seeking
partnerships in the Mid
and Far East, CIS,

B s updated Jan ‘09
Mexico and S. Africa Global outreach key to success

Japan Helicopter Society briefing — April 17, 2009 6
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Worldwide Helicopter Fleet Distribution
33598 aircraft

Brazil 1050 3%
IR REr s Australasia 1957 6%
Kick-off cpt
Canada 1887 6%

CIS 2000 6%

United States 14269 43%
Europe 6860 20%

GCC 250 1%
South Africa 577 2%

0/
Others 3469 10% Japan 786 2%
India 150 0.4%

Mexico 343 1%

Outreach efforts
continue, seeking

partnerships in the Mid .
and Far East, CIS, Is this

Mexico and S. Africa correct? updated Jan ‘09

Japan Helicopter Society briefing — April

IHST is following a proven model

CAST=Commercial Aviation Safety Team
JHSAT=Joint Helicopter Safety Analysis Team
JHSIT=Joint Helicopter Safety Implementation Team

Japan Helicopter Society briefing — April 17, 2009
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Progressing Toward the 80% Goal

US Fleet Data

10

Trend projection if no action taken

US Accident Rate per 100,000 flight hours

2

1

(9]
n © ~ © o o o N ) < n ©
o o o o S = o o 1 o o =
8 S S S S o o o o o o o
~ gﬂ N N N N N N N N N N N
o @
38 Year
N

Japan Helicopter Society briefing — April 17, 2009

Progressing Toward the 80% Goal

Worldwide Fleet Data

“ Trend projection if no action taken

Worldwide Accident Rate per 100,000 flight hours

2001-2005
avg
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

Year

Japan Helicopter Society briefing — April 17, 2009
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This is a worldwide effort

All IHST participants using a process adapted from CAST.

Key attributes:

All recommendations directly rooted in accident data.

Regional ownership —
- Data is owned and analyzed by those most familiar with
it.
- Safety recommendations are implemented by teams
most familiar with local needs and challenges.

JHSAT and JHSIT lead teams responsible for training/coaching
regional teams, measuring the results of the safety
recommendations and implementation effectiveness.

Japan Helicopter Society briefing — April 17, 2009

US JHSAT and JHSIT Stakeholders

Industry Government

International Helicopter
JHSAT Safety Team
AHS (IHST)
HAI
Bell \
Sikorsky
Eurocopter Joint Helicopter
;‘;ﬁ’:{:ﬁ;& > | Safety Analysis JHSIT
Schweizer - Team (JHSAT) g:g
Bristow
Al Methods l Eurocopter
Silver State Helo LLC ) ) Y
NASA Joint Helicopter g"_"
FAA Safety Implementation <,l: A::f;?]:'as Child Hosp
Team (JHS|T) ALEA
Silver State Helo LLC
Life Flight Maine
55 5 - Bell
Stakeholder participation is FAA
crucial to success

Japan Helicopter Society briefing — April 17, 2009
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IHST Organization Chart

Executive Committee

Government Co- Chair

Industry Co- Chair

FAA - Dennis Pratte

Secretariat

HAI - Matt Zuccaro

AHS - M. Rhett Flater

Program Director
FAA — Mark Liptak

Bell Helicopter — Somen Chowdhury

Director

Director
EHEST- Jean-Pierre Dedieu

Shell Aircraft — Robert Sheffield

Director

Director
NASA - Dr. Amy Pritchett

HAC - Fred Jones

Director

Director
EHA Representative — TBD

JHSAT Co-Chairs

JHSIT Co-Chairs

Regional Partners - Europe, Brazil, India, Australia, Canada, US

Japan Helicopter Society briefing — April 17, 2009

IHST Safety Initiative
Analysis, Implementation and Metrics Functional Structure

Accident Analyses l

|

Recommendations Implemented

Refinement
Standardization

— -

Accident Analysis
Recommendations
turned into
Implementation Actions
——

Japan Helicopter Society briefing — April 17, 2009
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IHST Program - Regional Process Tracking

2006 2007 2908 2?09 g 2010 TBD
=

::'-:)Sr‘ried E:;fr?']rgd Program staffing, sales, marketing, management, communications, international outreach
s D0 O ®0 ® 0 Metics >
e | @ @ ®@ 660 (X
Canada . .. b . ...

© 00 ® 60 ®0O v

India ‘ . . ’ .“‘
Australia . .&.
Mid East E . .&.
Japan E m.

@3?. Regional Kickoff Meeting ‘ JHSAT Report Complete @ JHSIT SEs complete
@ JHSAT Team Formed ® JHSIT Formed ® JHsITDIPS complete
® Accident Dataset Establishe® JHSIT Process Refined E Regional “exploratory” mtg

Japan Helicopter Society briefing — April 17, 2009

A look at some of the IHST’s work in the US

Japan Helicopter Society briefing — April 17, 2009
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US JHSAT Process Overview
Charter Establish Select REYELY DEvEl
Development  Team Data Set NUEIE Sl
P Docket Data Sequence
Develop Roll Up Score Develop Identify
Recommendations Problem and Validity, Problem &
A - . - - . - Problems
by Mission — Ranked Intervention Importance, Intervention (what/why)
by Frequency Pairs Ability, Usage  Statements 4
Report
. . Yes Results
Identify Technical
Mission Rank Fleet Wide Review
Recommendations — Recommendations — & No
with Fleet Wide By Frequency Expert Conflicts? IHST
Applicability Validation l
} JHSIT

Japan Helicopter Society briefing — April 17, 2009

US Accident Analysis Overview:

197 accidents analyzed; covered a wide spectrum of
helicopter operations — 15 basic mission types identified.

1200+ scored problem statements/intervention findings
developed

US JHSAT refined the problem statement/intervention
findings into:

7 foundational recommendation areas for the US fleet

125 specific recommendations for 15 mission types

2001 analysis almost complete, 174 additional accidents

Japan Helicopter Society briefing — April 17, 2009
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Ranked US Fleet-wide Recommendations

1. Safety Management

2. Training

3. Systems and Equipment

4. Information

5. Maintenance

6. Regulatory Recommendations

7. Infrastructure

Detailed problem/solution info for 15 missions also developed

Japan Helicopter Society briefing — April 17, 2009

Missions: 2000 vs 2001 O # 2000
W # 2001
40
35
30
25 ’*T
20 7
15 7
10 1
. ﬁﬂ H
° 74Aeria| Aerial Air Biz ;omm ﬁ Extern | Fire Tns/Tra Law Loggin | Offsho ;ers/p ﬂ
appl obs | Tours [owned| Ops ENG EMS al load | fight in enfeorc g re vt Util ptrl
‘D # 2000 28 10 10 9 16 4 12 7 6 37 13 5 9 27 4
‘l # 2001 18 6 9 10 14 2 14 4 6 29 10 4 7 38 3

Japan Helicopter Society briefing — April 17, 2009
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Accidents in which Problem Category was
Cited at least Once
180
160 02000
N 2001
140 H
120 H
o
é 100 H
2 80 I
60 T
40 H
20 H
O 4.1
& ol o oF N @ * )
& & ¢ E Aew O R
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P & & \} S & D e &L
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Japan Helicopter Society briefing — April 17, 2009

NTSB Phase of Flight-2000 vs 2001

20%

18%

16%

14%

12%

[0%2000
%2001

10% ]

8%

6%

4% -

2% A

0% -

Japan Helicopter Society briefing — April 17, 2009
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Light Conditions x IMC/VMC

Night/Dark gvMmC

B IMC
Night/Bright
Night
Dusk>Dawn
Daylight

(6] 20 40 60 80 100 120 140 16(
Number
2001 accident data

Japan Helicopter Society briefing — April 17, 2009

Intervention Categories (2000 vs 2001)

35.0

30.0

25.0

20.0

15.0

10.0 -

% of Interventions ID'ed

5.0

0.0 -

Japan Helicopter Society briefing — April 17, 2009
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Moving from analysis to implementation

Analysis team results passed to an implementation team

Joint Helicopter Safety Analysis Team (JHSAT)
Joint Helicopter Safety Implementation Team (JHSIT)

JHSAT = JHSIT
The JHSIT is responsible for receiving the recommendations,

ranking them against specific criteria and developing
detailed implementation plans

Japan Helicopter Society briefing — April 17, 2009

U.S. JHSIT PROCESS FLOW

Initiate Top Level Safety Intervention Actions

™ (e.g. promoting IHST, SMS, Infrastructure changes)
Review JHSAT JHSAT Overall Assign JHSIT Prioritize
Recommendations —¥ Effectiveness — Average » Recommendations
& Assign Number Value (OE) Feasibility Value (OCEXF) —‘
Prepare .
Group Preliminary Prepare Detailed
R .
ecommendations | Safety IHST Approval Safety .
By Common Enhancement Implementation
Theme Plan Plan

Execute and
Monitor Progress
Of Safety
Implementation
Plan

Japan Helicopter Society briefing — April 17, 2009
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US Implementation Challenges

Target audience is the 1 to 5 ship operators

IHST/JHSIT not staffed to interact with 1000+
operators

Need to leverage system and infrastructure
channels to influence change

Japan Helicopter Society briefing — April 17, 2009

HAIl Survey Data

Identifying the target audience

250

200

120

Namber of IV emaers

1CG

30

N A B G A S SR NI DG DS SR
TS RN éé’

Nurmbeer of Rorercrall Qwned

The IHST challenge — reaching small and medium sized operators

Japan Helicopter Society briefing — April 17, 2009
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Pathways to Influence Change in the US

. i Industr
Maintainers Trainers - y

Pubs
Insurance

OEMs

Accreditation
Progs

We need to find high leverage means to influence the small ops community

Japan Helicopter Society briefing — April 17, 2009

Conclusions:

We have a problem — Unanimity in the worldwide helicopter
community; long term accident trends are unacceptable.

We know how to fix it — Using a data driven, stakeholder
consensus process we’'ve identified the drivers behind
helicopter accidents. Implementation of SMS, training,
information and maintenance enhancements are the

top priority targets. Demonstrated benefits in OGP, EMS, ALEA
and other well funded and managed operations. Effectiveness
measures will be used.

We can’t do it alone — Any entity with accident data willing to
use the IHST analysis and implementation process is a viable
candidate to join this worldwide initiative.

Japan Helicopter Society briefing — April 17, 2009
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Request:

IHST seeks to engage helicopter industry stakeholders in Japan
Manufacturers
Operators
Regulators
Researchers

Next considerations:
Identify responsible leaders
Identify an accident dataset
Learn the IHST analysis process

Program resources, timing, implementation actions come under local
(Japanese) ownership, day to day work not managed by IHST

However, the basic analysis and implementation process developed by
the IHST should be used to develop outputs compatible with the
overall IHST effort

Japan Helicopter Society briefing — April 17, 2009

ihst.org

Japan Helicopter Society briefing — April 17, 2009
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10.

11.

Noboru Kobiki, Shigeru Saito:

Performance Evaluation of Full Scale On-board Active Flap System in Transonic Wind Tunnel,
American Helicopter Society 64th Annual Forum, April 29th, 2008
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Yasutada Tanabe, Shigeru Saito, Nacko Ohyama , Katsumi Hiraoka:

Study of a Downwash Caused by a Hovering Rotor in Ground Effect

4th European Rotorcraft Forum, September16th 2008
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Yasutada Tanabe, Shigeru Saito, Keisuke Takasaki, Hajime Fujita:

Numerical Study of Blade-Vortex Interaction (BVI) Noise Capturing

2008 KSAS-JSASS Joint International Symposium on Aerospace Engineering,
November 20th 2008

Yasutada Tanabe, Shigeru Saito, Nacko Ohyama , Katsumi Hiraoka :

Numerical Study of Blade-Vortex Interaction (BVI) Noise Capturing

2008 KSAS-JSASS Joint International Symposium on Aerospace Engineering,
November 20th 2008
Yasutada Tanabe, Shigeru Saito:

A Simplified CFD/CSD Loose Coupling Approach For Rotor Blade Deformation

JAXA-RR-08-008E, March, 20009.
Yang, C., Aoyama, T., Kondo, N., Saito, S., Aerodynamic/acoustic
Analysis for Main—Rotor and Tail-Rotor of Helicopter, Transaction of
JSASS, Vol. 51, No. 171, May, 2008, pp. 28-36.

Inada, Y., Yang, C., Iwanaga, N., Aoyama, T., Efficient Prediction of
Helicopter BVI Noise under Different Conditions of Wake and Blade
Deformation, Transaction of JSASS, Vol. 51, No. 173, November, 2008.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

Yang, C. and Aoyama, T., Numerical Analysis of Maneuvering Rotorcraft
Using Moving Overlapped Grid Method, Transaction of JSASS, Vol. 51, No.
173, November, 2008.

Tamura, A., Tsutahara, M., Kataoka, T., Aoyama, T., Yang, C., Numerical
Simulation of Two—Dimensional Blade—Vortex Interactions Using Finite
Difference Lattice Boltzmann Method, AIAA Journal, Vol. 46, No. 9,
September 2008, pp. 2235-2247.
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Yang, C., Aoyama, T., Chae, S., Yee, K., Jeong, S., Obayashi, S., Blade
Planform Optimization to Reduce HSI Noise of Helicopter in Hover, AHS
64th Annual Forum and Technology Display, April, 2008.
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Yang, C., Aoyama, T., Numerical Simulation of Blade Elastic Motion
Effect on Helicopter Blade—Vortex Interaction Noise, 15th International
Congress on Sound and Vibration, July, 2008.

Yang, C., Aoyama, T., Effect of Computation Parameters on BVI Noise,
Prediction Using HART II Motion Data, ERF 2008, September, 2008.

Chae, S., Yee, K., Yang, C., Aoyama, T., Jeong, S., Obayashi, S., Blade
Shape Optimization for HSI Noise Reduction and Performance Improvement
of Helicopter, ERF 2008, September, 2008.
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AHS Membership Application

To become a member of the American Helicopter Society please submit this form with
your annual dues payment. Your membership will begin the day your payment is
received and processed.

AHS Dues Regular - US and Canada $65.00

Regular - International $80.00

Miltary Personnel $35.00

Retired over 60 $35.00

Student - US and Canada $25.00

Student - International $45.00

Journal of the American Helicopter Society (optional) $15.00
VFF Scholarship Contribution (optional) $10.00

Send to:
American Helicopter Society 217 N. Washington Street Alexandria, VA 22314
(703) 684-6777 FAX: (703) 739-9279

Name (First, Middle Initial, Last):

Street Address:
City, State, Country, Zip:

Telephone # (office/home):
Fax #:
Employer/College:

Job Title:
Birthdate(mm/dd/yyyy):
email address:

Applicable AHS Dues:
Sponsor:

Credit Card Number (MasterCard/Visa/American Express)
Exp. Date:
Applicant's Signature Date:

—174—




AN a72 e BBRE HiAE
F H

ESS N - PN

(%44 25H51c0) o - M Bt

A (&0 4

(&) K4
e Wik

(fRF#) i s
B

I

AE 0 mo( FHo®¥:18=158HH)

EANBZBFIREREORS - #HELE2 TRAT S0,

AHIAFEZFEGRWEMNTAE, FFICTLE~2EBZBRYIAZ T IV,
(FEINEN T AMOSEEF, MEMICTIHrEESW)

SERIAG  RRRIT  THEE R SE

OfE%EKS : 3517553
OEELFZAN : BANY) a7 2 HEaE FEARE

T320-8564

AR R iR 1—1—11

B E T¥EW T ED = — B EHN

TEL:028-684-7531 (X% 028-684-7535)

FAX:028-684-7530

e-Mail:hiramotot@uae.subaru-fhi.co.jp or
yamakik@uae.subaru-fhi.co.jp
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