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DELTA AIRLINES FLIGHT 191 
134 of 163 OCCUPANTS KILLED & 1 CAR DRIVER KILLED 

 

Lockheed L-1011 TriStar 
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STATISTICAL DATA 
ACCIDENTS DURING APPROACH AND LANDING 
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DETECTION OF TURBULENCE CONDITIONS 
ON-BOARD WEATHER RADAR 

XB-15 

F-61C 

A weather radar, or weather surveillance radar (WSR), is a type of radar used to locate precipitation, 

calculate its motion, estimate its type (rain, snow, hail, etc.), and forecast its future position and intensity. 

Modern weather radars are mostly pulse-Doppler radars, capable of detecting the motion of rain droplets in 

addition to intensity of the precipitation. Both types of data can be analyzed to determine the structure of 

storms and their potential to cause severe weather. 

PROBLEM: ONLY IF PRECIPITATION EXCISTS (RAIN, ICE, …) 



Proprietary Information ESCUELA SUPERIOR DE INGENIERÍA AERONÁUTICA Y DEL ESPACIO Dpto. De Vehículos Aeroespaciales (Vibraciones y Aeroelasticidad) 

DETECTION OF TURBULENCE CONDITIONS 
A/C SYSTEMS: WIND-SHEAR PREDICTIVE AND REACTIVE DETECTION SYSTEMS 

 The Airborne wind shear detection and alert system, fitted in an aircraft, detects and 

alerts the pilot both visually and aurally of a wind shear condition.  

► RWS (reactive wind shear detection system): the detection takes place when the aircraft 

penetrates a wind shear condition of sufficient force, which can pose a hazard to the aircraft.  

► PWS (predictive wind shear detection system) the detection takes place, if such wind shear 

condition is ahead of the aircraft. This system collects wind velocity data gathered by the weather 

radar (Doppler) to identify the existence of wind shear. 

 

 

 

 

 

 

 

 

 

 

 

 

 PROBLEM:  

Maybe too late? 

PROBLEM:  

Not working in dry 

conditions 
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WHERE TO EXPECT HIGH LEVELS OF TURBULENCE (1/3) 
RECOMMENDATION: LECTURE OF “WEATHER FOR PILOTS” OF FAA PUBLICATIONS 

CONVECTIVE CURRENTS 

MECHANICAL TURBULENCE 

… with a low-level temp inversion 

… in a frontal zone 

… High-level CAT (jet stream) 

WIND SHEAR 
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WHERE TO EXPECT HIGH LEVELS OF TURBULENCE (2/3) 
RECOMMENDATION: LECTURE OF “WEATHER FOR PILOTS” OF FAA PUBLICATIONS 

F-61C 

WAKE TURBULENCE 

FIREFIGHTERS 

MOVIE Firefighter 

videos/C130 Crash.mp4
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WHERE TO EXPECT HIGH 
LEVELS OF 
TURBULENCE (3/3) 
MICROBURSTS 

 

 

TRANSITION FROM ZONE 1 TO 2 : 

ZONE 1 : HEADWIND 

ZONE 3 : TAILWIND 
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SO… UNLESS WARNING SYSTEMS DO DETECT SOME SEVERE CONDITIONS 

WITH RAINFALL,  HAIL, AND SO ON… 

 

SOME WIND-SHEAR CONDITIONS ARE NOT PREDICTED BY THE ON-BOARD 

SYSTEMS WHAT LEAD TO CONSIDER GUST/TURBULENCE ENCOUNTERING 

AS AN AIRCRAFT DESIGN CASE 

 

AND NOT ALL NEWS ARE BAD… 

 

STRUCTURAL DYNAMICS AND AEROELASTICITY ENGINEERS WILL AVOID THE 

UNEMPLOYMENT LINE 
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RELEVANCE OF 
GUST/TURBULENCE LOADS 
IN THE DESIGN OF THE 
AIRCRAFT  

 

 Wing UP-Bending design 

loads are mainly driven 

by Gust/Turbulence 

 (Figures extracted from A330-200 

Freighter Loads Manual) 

 

 

 Flight Control System to 

alleviate loads: 
 (Example: A330-200/300 WV080) 

DTG CT 

CT 
DTG 

MOVIE A400 Gust with FCS 

videos/A400M with FCS.mpg
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CHARACTERIZATION OF GUST SPEED 
DISCRETE TUNED GUST vs CONTINUOUS TURBULENCE 

CONTINUOUS 

TURBULENCE 

Gust velocity is 

assumed to vary in a 

random manner 

DISCRETE GUST 

Gust velocity varies in a 

deterministic 

manner, often in the 

form of a ‘1-cosine’ 

shape 

(*) Illustration extracted from “Introduction to Aircraft Aeroelasticity and Loads”, Wright and Cooper    
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CURRENT DESIGN OF CIVIL AIRCRAFTS 
JAR/CS REGULATIONS 

 

Nowadays A/Cs are designed with the risk of encountering a SEVERE GUST of  

56 ft/s EAS SL for DTG 

(85 ft/s TAS SL for CT) 
 

with a probability of occurrence less than  

2x10-5 per flight hour 
 

EXTREME GUSTS occurs and they are covered by the 1.5 factor from LIMIT to 

ULTIMATE LOADS. 

 DTG = Discrete Tuned Gust / CT = Continuous Turbulence 
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SEVERE GUST/TURBULENCE CONDITIONS 
CS-25 Paragraph 25.0341 FOR VC/MC DESIGN CONDITIONS 

F-61C 
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SEVERE GUST/TURBULENCE CONDITIONS 
CT vs. DTG Analyses in terms of PSD Excitation 

U = 330 KTAS at SL 
(  600 Km/h) 
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MOVIE A330+A330 (xz) & A330+A330 (iso)  

http://www.google.es/imgres?imgurl=http://4.bp.blogspot.com/-V6IhSzR6o9o/Ter-cRwy-PI/AAAAAAAABGk/Xo7_gxdWTM0/s1600/Airbus+A330.jpg&imgrefurl=http://asbaquez.blogspot.com/2011/06/airbus-a330-history-and-definition-of.html&usg=__px0zzqKclN0xY8Z_L2JU5T2qFNI=&h=335&w=441&sz=19&hl=es&start=24&zoom=1&tbnid=A59HmB3WPCdk9M:&tbnh=96&tbnw=127&ei=W8oSTvCHJcKq8AOloO20Dg&prev=/search?q=aircraft+A330&start=20&um=1&hl=es&sa=N&tbm=isch&um=1&itbs=1
http://www.google.es/imgres?imgurl=http://4.bp.blogspot.com/-V6IhSzR6o9o/Ter-cRwy-PI/AAAAAAAABGk/Xo7_gxdWTM0/s1600/Airbus+A330.jpg&imgrefurl=http://asbaquez.blogspot.com/2011/06/airbus-a330-history-and-definition-of.html&usg=__px0zzqKclN0xY8Z_L2JU5T2qFNI=&h=335&w=441&sz=19&hl=es&start=24&zoom=1&tbnid=A59HmB3WPCdk9M:&tbnh=96&tbnw=127&ei=W8oSTvCHJcKq8AOloO20Dg&prev=/search?q=aircraft+A330&start=20&um=1&hl=es&sa=N&tbm=isch&um=1&itbs=1
videos/A330 Tanker + A330 Receiver (xz-view).mpg
videos/A330 Tanker + A330 Receiver (xz-view).mpg
videos/A330 Tanker + A330 Receiver (xz-view).mpg
videos/A330 Tanker + A330 Receiver (iso-view).mpg
videos/A330 Tanker + A330 Receiver (iso-view).mpg
videos/A330 Tanker + A330 Receiver (iso-view).mpg
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SEVERE GUST/TURBULENCE CONDITIONS  
DTG Frequency Range Excitation as a function of Flight Altitude [ft] 

Altitude 

[ft] 
KCAS KTAS fps 

Frequency [Hz] 
2x ( V/2H) 

min MAX 

H=350 ft H= 30 ft 

0 330 330 557 0.80 9.28 

5000 330 353 596 0.85 9.93 

10000 330 379 640 0.91 10.66 

15000 330 407 687 0.98 11.45 

20000 330 438 739 1.06 12.32 

25000 330 471 795 1.14 13.25 

29879 330 507 856 1.22 14.26 

30000 329 507 856 1.22 14.26 

35000 295 496 837 1.20 13.95 

40000 263 493 832 1.19 13.87 
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ADDITIONAL CONSIDERATIONS 
LOW ALTITUDE and LESS-THAN-SEVERE TURBULENCE 

F-61C 

LOW-ALTITUDE USAGE… 

 JAR regulations states severe gust intensities that 

works “fine” with typical civil A/C’s usage with FL 

above 20000 [ft]. If the A/C missions change 

significantly to increase low-level operations…. 
 

 … the low-altitude usage will lead to the same Limit 

Loads exceedences of 2x10-5 approx.?  

 If not… Could you evaluate the risk of the operation? 

 

LESS-THAN-SEVERE TURBULENCE… 

Specific operations (military AAR, combat off-loads, 

…) will be performed occasionally and during good 

weather conditions because of safety reasons, and 

the probability of encountering severe gust intensity 

decreases considerably.   

Why not designing with a reduced gust intensity? 
 

… the design loads calculated with reduced gust 

intensities do not violate the standard criteria of 2x10-5 

Limit Loads Occurrences per Flight Hour?  

If not … could you quantify the risk? 
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DISCRETE-GUST STATIC LOADS 
INTRODUCTION: CONCEPT AND WHY GUST INTENSITY in ft/s EAS 

F-61C 

gFTSEAS]KEAS[LgFTSTAS
00

0

LgFTSTAS
gFTSTAS

L
2

L
2

UUcteCSUU28084.3
2

1

CSUU
228084.3U

U
CSU

2
CSU

2
L













































































 







 L0L0 SC689.1

2

1
514444.028084.3SC

2

1
cte





















 L

gFTSEAS]KEAS[
L

0

gFTSEAS]KEAS[
C

S

W
498

UU
C

S

W

689.1
2

1

UU

W

L
n

Load factor is shown to be 

proportional to the A/C Equivalent 

Airspeed in KEAS and the Gust 

Intensity expressed in ft/s EAS 

“A typical rule of thumb is that peak response occurs for gusts with a 

distance to maximum amplitude equal to 12.5 times the mean chord of 

the aircraft”  

QINETIQ/FST/SMC/CR021764 Flight Loads Data for Gust Load Prediction, March 2002 
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Gust Gradient H=12.5 MGC as  
“representative for calculating Limit Load conditions” 

XB-15 XC-35 

Aeronca C-2 

F-61C 

XBM-1 

Gust Gradients of 

Moderate/Severe Gust 

Intensities are around 12.5 

Mean Geometric Chord 
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NOW… LET’S FIX CONCEPTS WITH OUR TYPICAL SECTION 

 

THIS COURSE WILL BE FOCUSSED ONN “DYNAMIC RESPONSE”. 

THE “DYNAMIC LOADS” IS OUT OF THE SCOPE ALTHOUGH, FOR 

MASOCHISTS, IT WILL BE INCLUDED IN SUBSEQUENT COURSES 

(MASTER) 
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ARBITRARY MOTION OF THIN AIRFOILS IN INCOMPRESSIBLE FLOW 
1st STEP: EQUATIONS FOR OSCILLATORY MOTION AT FREQUENCY “”  

  

Time-domain force by inverse Fourier 

transform 

Airfoil lift in the frequency-domain: 

 The analysis is restricted to lift L although it can be extended to moments Q and Q 



Proprietary Information ESCUELA SUPERIOR DE INGENIERÍA AERONÁUTICA Y DEL ESPACIO Dpto. De Vehículos Aeroespaciales (Vibraciones y Aeroelasticidad) 

ARBITRARY MOTION OF THIN AIRFOILS IN INCOMPRESSIBLE FLOW 
2nd STEP: FROM OSCILLATORY MOTION (-) TO ARBITRARY MOTION 

 

NON-CIRCULATORY  

TERMS 
CIRCULATORY   TERMS 

Frequency-domain problem is formulated for 

motions with arbitrary Fourier transform 

Fourier transform of the instantaneous vertical velocity of 

the fluid particle in contact with the three-quarter chord 

point of the airfoil 
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2D INCOMPRESSIBLE FLOW 
WAGNER’S AND KÜSSNER’S FUNCTIONS 

 Non-dimensional time :                  

 Wagner’s function 

► Dimensionless lift development due to an impulsive change of AoA from 0 to 1 rad  

 

 

 

 Küssner’s function 

► Dimensionless lift development due to a 1-rad AoA sharp-edged gust 

x 

z 

E.A. E.A. 
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STEP CHANGE IN ANGLE OF ATTACK:  
WAGNER’S FUNCTION  

 Impulsive change of AoA from 0 to 1 [rad]: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 In many applications it is convenient to use (s) itself when writing the circulatory lift and moment due 

to arbitrary motion. 

 See approximations of Wagner’s function in “Introducción a la Aeroelasticidad” (Garceta Editorial) 

 For any other arbitrary motion: 
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 Lift due to 1-rad AoA sharp-edged gust (wG / U = 1 [rad] ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 If an arbitrary wG(s) is defined, Duhamel’s integral gives the following “lift” (positive sign) associated to 

the gust: 

 

 

 

 See approximations of Küssner’s function in “Introducción a la Aeroelasticidad” (Garceta Editorial) 

LIFT DEVELOPMENT DUE TO A SHARP-EDGE GUST: 
KÜSSNER’S FUNCTION  
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WAGNER vs KÜSSNER FUNCTIONS 
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2D AIRFOIL INCOMPRESSIBLE FLOW 
h-MOTION DOF + GUST ENCOUNTERING 

h(t) 

wG(t) 
z 

x 
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2D AIRFOIL INCOMPRESSIBLE FLOW 
h-MOTION DOF + GUST ENCOUNTERING 

h(t) 

wG(t)=wG 

x 
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DUHAMEL’S INTEGRAL 
PRINCIPLE OF SUPERPOSITION 

h(t) 

response to unit-step function 
A(t)  

“Indicial Admittance” = response to unit-step function  

x(t) response of the physical system to the input f(t) 

APPENDIX (i) 
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LAPLACE TRANSFORM 
CONVOLUTION THEOREM 

APPENDIX (ii) 
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“Escuela Técnica Superior de Ingeniería Aeronáutica y del Espacio” 
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