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BEA air accident report 2010 * BEA

Stall T Spin: Background

Air France 44¢ June 2009

5. The crew not identifying the approach to stall, their lack of
immediate response and the exit from the flight envelope

6. The crew’s failure to diagnose the stall situation and
consequently a lack of inputs that would have made
recovery possible

Source: CN

AAIB Bulletin: 4/2015 G-BNDE EW/C2014/08/03

A number of witnesses near Padbury saw the aircraft descend rapidly, spinning or spiralling
until it went out of view. The subsequent impact with the ground destroyed the aircraft and
the pilot sustained fatal injuries.

Meteorological information

On the 20 August 2014 the weather conditions for visual flight were good. There was
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AFixed wing aircraft can stall or spin in any category
AStallc spin most prevalent in takeff and climb for general aviation
A30% of all general aviation accidents originate from stafhin

ANNUAL NUMBER OF STALL ACCIDENTS, 2000-2014

Stall T Spin: Background

=50 TYPES OF STALL ACCIDENTS: PERSONAL VS. INSTRUCTIONAL FLIGHTS
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Stall and Spin Background

AStall is a condition with significant BL separation and loss of lift from a wing/body
AAngle of attack a is the key variable for stall and spin

AFlight path & reference line define angle of attack (a), lift & drag vectors
Lift

Thrust

L
L
----

flight path (7

_ climb
horizon ;;
descent

5 Angle of Attacka
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Stall and Spin Movies

Spin is a stable flight condition with
asymmetric wing stall

the aircraftautorotatesabout a near
vertical axes descending rapidly
CoGifollows helical flight path with
aircraft pitching/rolling/yawing
Recovery (if possible) with rudder and
elevator

Do Bo o I

20180109 002781

Source: NASA

https://1drv.ms/v/s!AgvNv7Mai6R
ghatOWSpLitjoSLv60g?e=knTTc1l

o

https://1drv.ms/v/s!AgvNv7Mai6Rghat2vmcVayni#kih?2e=XXXzMa
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https://1drv.ms/v/s!AqvNv7Mai6Rqhat0WSpLitjoSLv6og?e=knTTc1

Stall T Spin: Background

Straight/Level =— Stall = Incipient Spin —— Stable Spin

A flight path level

NS A aircraft descents _
ﬁ"ft - weln Alift < weight Aflight path curved  Aflight path ~vertical
Ag{:g d_ tcorzjgtion A drag > thrust Allift < weight A lift = centrifugal force
Alongitzdinally stable Aa increasing >15 édrefg > thrust Adrag = weight
R laterally stable Alight then heavy stall A¥2 A Y 3~ RNE LAyyros€opiv/béilance
y A unsteady / dynamic  autorotation A autorotation stable

A directionally stable - :
Irectionally A longitudinally stable A heavy stall, higla Av.higha > 40

A laterally unstable Alongitudinally unstableA |ongitudinally stable
Adirectionally stable A laterally unstable A jaterally stable
Adirectionally stable A directionally stable
. A steep / flat modes
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Basic Spin Modelling

ADefining and testing stadipin
behaviour is a basic certification
and safety requirement

ABasic stall models established bu
behaviour validated by flight test

AStall stability complex: validated b
flight test / wind tunnels

ABasic spin theory available for

aerodynamic coefficients &

stable spin

ATheory for transition to spin not
known (typically run iterative
schemes to get estimations)

figures / theory from Mechanics of Flight®ZEdition, W.F. Phillips, Wiley (2010):
https://1drv.ms/b/s!AgvNv7Mai6RghatEmnOJkxyN8SRA?e=esenl1H
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Dynamic Spin Modelling and Motivation

ADynamic spin modelling ™
requires complex coefficient ., |
maps (im, )b, ¢

Alterative schemes can be
used to predict incipient spit s
to full spin (transition to
steady spin)

ACurrent coefficient maps eN
require costly and detailed
spin tunnel experiments

900 -

Em M.

Higha
ANew numerical methods N Lift- G
may offer a new way to o Drag- G,

i .. coefficients
obtain coefficients



Slingsby Firefly Stall Modelling & Validation

Develop and validate CFD stall model of $liegsbyFirefly light

aircraft:

AExperimental (ifflight)
AAircraft and preparation
AStraight and level flight
AMeasurement of stakh
Aln-flight flow visualisation
AWingwaketailplaneinteract’

ANumerical
AModel and Mesh Generation
ASteady model
AUnsteady model

AComparisons and Discussion
ASummary / Conclusions

10

S&L flight data (Ca)

R 2
steady CFI[S0oF

v

stall flight data G ., &, buffet)

¥

unsteady CFD steadphl

2
CFD vs experimer||t
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Slingsby Firefly T67M260 Aircraft

AAerobatic category (eRAF trainer) i
A2 seat sideby-side light aircraft B '
AEngine 260hjhycomingAE16540

Wing chord Netwnent a7
A+6 to-3g envelope 1.2m s
AMTOW 1157kg

Max level speed

A@50m/s (ISARQ:hord =4.1x10 135kts (70m/s)

10719 mm (35 ft 2 ins)

3

%

2440 mm

11 S (8ft Qins)




Straight and Level Flight Tests

Straight and level used to find range of angle of at@ack to stall:
AValidate steady CFD model

ASteady CFBol is initial condition for unsteady CFD model

Record airspeed, OAT, altitude, power (rpm, manifold press) and equate
lift » weight & engin@wr—» airframe drag/V

= L=ng¢Tsima
L =1/2@ V?S D = Foa

PhIO = TcoaV

-
o
-
-y

flight path

horizon

mg k

12 L=Iift D=drag T=Thrust V = true airspeeddensity (= lift coeff



CFD Model Set-up

Sin_gle mesh refined for steady and unsteady model with wake density
region. ASA | kw SST models testegk-w SST chosen
AKey grid spacing follows tf®magorinskiES model (y+~1)

ADES blending through (p "O)6 "00

o

Mesh sizes: Coarse (7.6M) Medium (11.3M) Fine (17.2I

DAVAAVAN A St R
15 monitoring (ML 7e wake density region)

points

’ fgy%‘_ s
AVAY S AN A

N o A

| :‘ ¥ solutions converged with residuals39 10°(GClI 3.5% 4.4%):
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CFD Model Set-up: Mesh Refinement
a =° 12 a =° 18

Ny

Coarse Medium Fine Coarse Medium Fine

surface flow vis used to assess mesh suitalgliyedium mesh selected

14 Figures from: Neves et al (2020) Aerospace Science and Techrdtpgy/doi.org/10.1016/j.ast.2020.106179
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Straight and Level Flight: Comparisons

ACFD vs flight test to withidG ~ 0.1¢ 0.2
ACFD stal estimated 18 ¢ 18°
ADC , C ,,.,CFD discrepaneypropeller slipstream effects

® Pre - Stall RANS P
1.6 ‘ m
—C_ =0.0845q + 0.0734 o
1.4 A Post - Stall RANS e
i R
---:C, =-0.009202 + 0.28310 - 0.9652 - - - 1 Cl_max
G- 12 = Fiight Test R L i
= C, =0.09390 + 0.0674 " "
c 1
Q2
9
£ 0.8
o] <—— Stall
o .
& 0.6 -
.|
”
0.4
0.2 . 0
- - - flight test 95% CE0.08C
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Flight Stall a [Flight Measurement

Stalled flight (engine idle) results in aircraft descending with charaging
AStalled flight must measure FPA and pitch attitude- g simultaneously

Aa is the sum of andq

For test, record ground speed (cross wind), altitude, pitch attitude
N.B. airspeed indication unreliable in stall

FPA flight path angld
pitch attitude

flight path L.

16
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Flight Stall a [Test Set-up 1

Video pitch attitude (digital level) and altitude, record GPS speed
ADigital level, (resolution 0°Lvideo with 30Hz HD camera
ACockpit altimeter video with 30 Hz HD camera
AGPS ground speed source (basic data only 1Hz)

g b,

s

: o i [T e
B . i M

———

| A——
o

digital level camera EEEEEGTIENEYE COCKpit altimeter

iPad ground speed

17
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Flight Stall a Test Set-up 2

Use Pixhawk4 inertial and GPS unit (drone autopilot ~ US$200)
AGPS ground speed at 5Hz  APitch attitude, (resolution 09) 250 Hz
ACommon timestamp / clock AGPS altimeter at 5Hz

Errors _
A GPS ground speed at 5Hz Cockpit camera
A Common timestamp / clock

A A L,

Pixhawkunit: secured nea€o

18
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Flight Measurement Errors

Errors during straight / level:

A Resolutions from the cockpit gauges

A Digital level res 091 in flight P ¢ 2°

Alift / thrust from masses, greatest errors fro

gauges
1 . Variable Error Source Comments
Erro rS d u rl ng Sta” (G PS Sou rces) - outside air temperature (°C) x5 gauge cockpit instrument
. .. . . altitude (ft) +10 gauge cockpit instrument
A IPad m I nl y nO |nf0 On fl Ite rS Or indicated airspeed (knots) +2.5 gauge cockpit instrument
H . calibrated airspeed (knots) +1 AFM AFM airspeed correction data for
smoothing:!l anda errorsp3° sero fiap
. true airspeed (% FS) +3.4 calculated conversion from [15] including air-
A P IXh aWk4 an d a er‘r‘o rS fro m speed, altitude and temperature er-
rors (FS — 129 knots)
Stable data Stat%4o fuel quantity (kg) +10 gauge cockpit instrument
aircraft empty mass (kg) +20 AFM estimated from weighing schedule
- - manifold pressure (inHg) +1 gauge cockpit instrument
A 5 knOt head/tall WI nd at Som/S engine speed (rpm) +50 gauge cockpit instrument
~ power (%) +2 AFM performance tables
equates to FPA err(br 8) thrust (% FS) +3.9 calculated use variables power, true airspeed
and pitch attitude, assume pro-
AINS 0.5% of full scale (~0.1 peller 0% cffcient 14 (FS -
. 2280N)
pltC h) lift (% FS) £3.1 calculated use total weight (FS — 9640 N)
lift coefficient (Cpr) +4.9 calculated including weight, calculated density
A 1 1 and true airspeed errors (FS —1.13)
GPS O' 1m/S In VeIOCIty / G'E] drag coefficient (C'p) +5.4 calculated including thrust, calculated den-
head I ng sity and true airspeed errors (FS —

el attitade (%) Table from: Neves et al (2020) Aerospace Science and Technolog
19 b https://doi.org/10.1016/j.ast.2020.106179
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Flight Stall a Test Set-up 2 (Pixhawk4)

Common timestamp requires resampling

T pitch,roll,yaw(250Hz)

L e

GPS velocity (5Hz)

| | L | | L,

GPS altimeter (5Hz)

—_— | I X

1 AOne 5Hz sample source used anaster
AOthersourcesesampled (250Hz >> 5Hz) then interpolated to Btdster

20
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Flight Stall a: Results

Both tests indicated stall characteristics around 1% ¢ 20°

Angle of Attack o (°)

Flight Path Angle FPA A (°)

40.0

30.0

20.0

10.0

o
o

-10.0

-20.0

w
o
o

stall warner

heavy buffet
A S

heavy buffet

Heavy buffet and
wing drop at:
a=20c¢c3r
Unsteady CFD
modelle

through range:
a=1£¢1&

bd. dY WGI f
from iPad / digital
level

| 2/1 3,a2/a3
from Pixhawk4

0.00

A2
o3

5.00 10.00

15.00 20.00 25.00
Manoeuvre Time (s)
= 2
—e— ) validation

30.00 35.00 40.00

A A3
e (o validation

45.00

Figure from: Neves et al (2020) Aerospace
Science and Technology,
https://doi.org/10.1016/j.ast.2020.106179
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Flight Stall Buffet: Tests
I ANDNI FG 02dAKI Aya2 | adltt | yF
AShimmer3 IMUs for #flight aerodynamic buffet frequency (up to 1kHz)
AWing surface flow visualisation using wing tufts / HD video
AAltimeter and pitch attitude monitored using cockpit HD video
Ground tests of natural wing frequency (6.2Hz) using IMUs

2.5 T T T T T T T 4
< Wing Natural Frequency = 6.228 Hz
il
Dominant natural |
g15[ frequency of ~6Hz will B 4 T oo T T
E allow discrimination T S A T g f
< from aerodynamic buffe el g e
i

O'SJA\)\\/\J\\A frequencies

0 5 10 15 20 2; 30 35 20 4‘5 50 IMU |n-fI|ght Set-up

Frequency (Hz)

22
http://www.shimmersensing.com/images/uploads/docs/Shimmer_User_Manual_rev3p.pdf
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Flight Stall Buffet: Tests

Wing surface flow vis based on work by Gratton and Hoff:
AWoollen tufts 15cm long fixed onto a wing surface grid
A30Hz video recorded during flight of wing and cockpit

=

2011187011/015 113:118:44

. &=

cockpit camera

; Gratton, G. and Hoff, RI. (2012) '‘Camera Tracking and Qualitative Airflow Assessment
23 Wlng camera of a 2turn Erect Spin'. The Aeronautical Journal, 116 (1179). pp- 582.
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https://1drv.ms/v/sIAqvNv7Mai6Rq
hatyljhGnK4I12kZmuQ?e=GTXgPZ

https://1drv.ms/v/s!AqvNv7Mai6Rghat3LYpQkILLI9X6kHQ?e=R34Cve



https://1drv.ms/v/s!AqvNv7Mai6Rqhat3LYpQk9LL9X6kHQ?e=R34Cve
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Figures from: Neves et al (2020) Aerospace
Science and Technology,
https://doi.org/10.1016/j.ast.2020.106179

w96t

Weihs& Katz paper:
https://1drv.ms/b/s'Aqv
Nv7Mai6Rghat7bz3H9Yd
W5HTXMQ?e=HMLcbl

wa 67T

cellular y
YYdza KNR 2 ¥ ;°°
structure Weihs

& Katz (1983) v
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Flight Stall Buffet: In-Flight Data

sample windows

at differenta
A

I I

flight data from IMU #1
Stall Warning

-
(5
|

& .
v f |
: i | y
Soo MM ‘ el
S (AT 1" Y PP Mg T e T
=
B 1 : : : . i
2 BL time =22.26 / 7]
8 0.9 1
Q
< 08 Buffet g-break
—_ E
§ 0 Eort wake | | - N
(7] | |
E OEL 0.6 : :
> 2 | |
B <l 5 05 I I |
-5 % | : :
8 04r | | ’
T ||'| ! ! |||
Eos | 'll : | |||| engine
1 P || | | 1 |
T 02/ | I ¥a A ‘ 20 25
[ | /\ A | ||
01 | A ; \ !'\; YA 1
\_J I~ AN NN V¥ Ly /\ - /\,\ _ Figures from: Neves et al (2020) Aerospace
00 5 10 15 20 5 Science a}nd Technology,
26 Frequency Hz https://doi.org/10.1016/].ast.2020.106179
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Vertical Acceleration (mlsz)
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11 T i
10sr acceleration irflight
10 data from IMU #1
9.5
9
8.5
8
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7
6.5
6 | | | | | 1 <—11.76 Hz
0 0.1 0.2 0.3 0.4 0.5
Time (s) % - |
%- Engine Frequency
2 BEl 1050 RPM |
<o
. -
spectrum inflight 5 **
data from IMU #1  ,
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0
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CFD data = 18
I | | [ I | [
1H<—18.742 Hz
1} i
Lo.8H .
;é g 0.8 E
g g
< 0.6 - Lo l
B g
N > 204 E
£04 S
o 0.2+ i
=
0-2 0 1 1
0 5 10 15 20 25 30 35 40 45 50
Frequency (Hz)
o e |
0 100 200 300 400 500 600 700

Frequency (Hz)
28



Normalized Amplitude
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Stall Buffet: In-Flight vs CFD

08 ! '1 Engine Frequency

Frequency (Hz)

spectral frequency comparison
a =9° 1 6¢€lrép
(dependent on flighta

estimate)

29

I
_1 d | - - - -
Flight data with increasing
e geconds
---3 seconds
Figures from: Neves et al (2020) Aerospace
Science and Technology,
- https://doi.org/10.1016/].ast.2020.106179
;
. CFD data

—AocA =14°:11.66 Hz .
............. AocA=16°:10.2 Hz
---AocA=18°:8.946 Hz

©
oo

Normalized Amplitude
o (=)
£ o

0.2}

Frequency (Hz)
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Stall Buffet: CFD Movies a = 16°

A results indicates
tailplaneinteraction

A tailplanenot heavily
stalled

https://1drv.ms/v/s!AqvNv7Mai6Rq
hat51vmhLbHs3FaA_Q?e=vYEn8H

https://1drv.ms/v/s!AgvNv7Mai6Rq
hat4dkVOvTgOxsjrPA?e=duKh6a

30
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accelerometer mounted onto B8
tailplaneand an impulse
disturbance used to excite th
structure

<« Spectra indicates a
09 r
key natural frequency
0.8 r
of around 9 Hz o |
£ 07 v
E 06 02f
E 05 §
° %_ 0.1
< 04 E
= I -
g o03f 4, 2 o—._*__v.l
! \‘“"‘” S
02 \ hf'q 2 o1l
01 l ’t ;‘l % g
0 .}1{'& A ‘Jﬁ‘i\: s \ m\“’“‘m ‘Elﬁﬁ& ¢ 1 0.2
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frequency (Hz)

-0.3

31 time (s)
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Flight Stall Buffet: Wake Tailplane Interaction

NBIFNJ GASSY LINRPINBaargdsS adalrftft G2

front view: https://1drv.ms/v/s!AgvNv7Mai6Rghat1RHbeOriCqNhg?e=2Y|2Jr
32 rear view:https://1drv.ms/v/s!AgvNv7Mai6RghatzgheKAiISgmdgvww?e=30DRxW
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https://1drv.ms/v/s!AqvNv7Mai6RqhatzgheKAiSgmdqvww?e=3ODRxW
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Flight Stall Buffet: Wake Tailplane Interaction

spatially correlate image sequence
usingxpivsoftware

¥  point sample

component from correlation
OHz spectrum v component
dominant +—
frequency

33



