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Part 2: Continuous Turbulence response
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DYNAMIC ENVIRONMENTS

DETERMINISTIC vs RANDOM

[ Deterministicl Random

| Periodic | Transient Stationary Nonstationary

Simple Shock i
Harmonic Spectra Ergodic

ENSEMBLE AVERAGING
= TEMPORAL AVYERAGING
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RANDOM SIGNALS: INTRODUCTION

L Random phenomenon can be described only in a statistical sense. Its
Instantaneous magnitude at any time is not known; rather, the
probability of its magnitude exceeding a certain value is given

L Examples include earthquake ground motion, ocean wave heights and
frequencies, wind pressure fluctuations on aircraft and tall buildings,
and acoustic excitation due to rocket and jet engine noise

O Characterization of a random signal:
» Root Mean Square
» Cumulative Mean Square
» Power Spectral Density
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RANDOM SIGNALS

Root Mean Square “RMS” and Cumulative Mean Square “CMS”

*g
O Assume random signal with zero mean value:

0.0=-- --

Time

O Square the signal to get a non-zero mean
» Non-zero mean value = mean square @ _ - Mean square value

2011 Time

O It can be shown that the “Square Root of the Mean Square” (RMS) value is:
» Equal to the standard deviation o of a Normal Distribution - value that has 68.3% chance of occurring
» “3 06" gives a probability of 99.73% chance of occurring

O Cumulative Mean Square (CMS): r.m.s of the signal previously filtered to
» Show which frequencies contribute the most eliminate frequencies above f,

o= Total Mean square value

S
:689 45 44 70

Cartagena99

\ enag99.com no se hace responsable de Ialnformacmn contenida en el presente goc%mentogn virtud al
&@Eﬂmrmpmamanmgkm Nanummmmwuhﬁ&s#asmﬂa blenea)seé&@hoﬁdﬂﬁmmercero hagangsdrcsmemereagadames (Vibraciones y Aeroelasticidad)




RANDOM SIGNALS
POWER SPECTRAL DENSITY “PSD”

O Now take the gradient of the CMS:

- ;/;_5;/— Total Mean square value ~El \

Mean square value g?/Hz
& -' ::
)_c_n,op‘?ﬁ decreasing frequency content k

...... fs £, fof, 1
Frequency

» The PSD shows the frequency content of the signal more directly than the CMS plot
» The square root of the area under the PSD curve is the RMS |

Frequency Hz

O Key point on using PSD in IN-OUT random processes :
» “OUTPUT” PSD is related to the “INPUT” PSD thru Frequency Response Function H(f)

Sidf) Input power spactrum
T T —
. S.(f) = [HOP -S,()
[H(F ) pl Modulus of FRF y X
AN P \
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EXAMPLE OF ANALYSIS OF RANDOM SIGNALS
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“GAUSSIAN” OR “NORMAL” DISTRIBUTION
VALUES WITH PROBABILITY 1/1000

1+§(1.3399L)2 PSD of a 5, =1 rms

L Random Gust

7 [1+(1339QL)2] /6

— | Y

D (Q) =

2 —
1. #,(Q)dQ) Pri =Pugi £ Pi = Puei T Us A;
l O l
rms of a It should be noted that the reference gust velocity 1s comprised of two components. a
magnitude “i” for a root-mean-square (RMS) gust intensity and a peak to RMS ratio.
turbulence with
GW:]' UG ~ 3.GW
PROBABILITY OF A Pr_obabili[y, P(x), of a Gaussian random waveform

lying between —oo and x.

“GAUSSIAN” O “NORMAL”

x/o P(x)
DISTRIBUTION - ;
e 31 0.0010
(X) / |-3.0 0.0013 |

s /] 25 0.0062

' / 20 00228
-1.5 0.0668
66 -1.0 0.1587
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PSD OF CONTINUOUS TURBULENCE

Von Karman and Dryden Models

. 27 f
Von Karman Model 2= i - {;; Dryden Model

L = Scale of Turbulence = 2500 , 2L 1+ 3L%Q2

8
o, 1+ 3 (1.339L0)°

U_ = Flight Speed D(f) = -~ .
* 11+ (1,339L0)°| ° 3
IR ’] 3 ~ o2 _ 2y, L3002
8 : I % or )~ 7wt (1 + L202)?
O 1+ 2 (1,339L0)° j \
¢ (2—) = UEUQL 3 11 £ \\ Ow = 11ps
m T & el
1+ (1,33000)°] T 810 ‘ L 1430202
2 F ® (w) =02 ; 5
. %k TUo (1 4 L202)
; 1+ 3 (1,339LQ)° &
? W) =0 3 s 102
oc {1 n (1,339LQ)2} § F \\ Von Karman
3 I
s | -\
§ Dryéen— | A\ Soge,
'ﬁ. i Slope = -2 AN
5 101 AN
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NOW... LET’S FIX CONCEPTS WITH OUR TYPICAL SECTION

For the sake of simplicity, let's assume:
» Incompressible flow (Theodorsen’s theory remains applicable)
» Only heave motion h(t)
» No stiffness (K, = 0) and zero structural damping (g,, = 0)
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CALCULATION OF FREQUENCY RESPONSE FUNCTION (1/3)

2D INCOMPRESSIBLE FLOW IN h-MOTION
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CALCULATION OF FREQUENCY RESPONSE FUNCTION (2/3)

2D INCOMPRESSIBLE FLOW IN h-MOTION

L = 2npocUscbivg {C (k) [Jo(k) — iy (E)] + iJ1(k)} €™ = 2mpoc UnobS (k)ibe
Ly = mpocULA(s) + 2mpo UL C (K)h(s)

Mb—gﬂii.( §) = —27pecUnobS(k)ie — TpouUZ h(s) — 21 pac U2 C(K)h(s)
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CALCULATION OF FREQUENCY RESPONSE FUNCTION (3/3)

2D INCOMPRESSIBLE FLOW IN h-MOTION

1+3(f£)
b(w) = [H @) 0w =2 WSO, L Ueo
b? |- (4X + 1) k + 2iC (k)| ”a-rUm[ w217
1+ (52)
U
wL b
kS(k)~ — = — U= L

1+ 27k wlL b
142m——
+ NUDCL

2 2
|—(4)1+1)k+2-1'{3'(k'.)|2::4+k2(2)u+1)2=4+(;—L) (%) (2X +1)°

b/L - 0 Scale of turbulence >> characteristic length of the vehicle > d?h / dt?~ 0
b /L = o Scale of turbulence << characteristic length of the vehicle > d?h / dt?~ 0

(b/L),: Scale ofturbulence associated to maximum vertical acceleration
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APLICACION PRACTICA

RAFAGA DISCRETA — ECUACIONES EN EL DOMINIO DE LAPLACE

PROBLEMA 1

Determinar el factor de carga de un ala rigida pero libre de desplazarse verticalmente cuando encuentra una rafaga
de intensidad we (s) = wg cos ((2s), siendo s = Ust/b el tiempo adimensional, b la semicuerda del ala y las funciones de
Wagner v Kiissner aproximandose por:

¢ (‘F} =1- [],lﬁf}e_u'm‘zﬁs — {LHSSE—[J:H[JI}S

T (s) = 1 = 0.500e="19% = 0,500e*

Expresar el resultado en funcion de parametros adimensionales.

PROBLEMA 2

Dentro de la validez de la teoria aerodindmica bidimensional, incompresible v no estacionaria, se desea estudiar la res-
puesta de un puente frente a rafagas. Para ello se considera una seccidn caracteristica de anchura 2b v masa por unidad de
envergadura M en presencia de un viento horizontal [7_. Repentinamente, v durante un tiempo #,. aparece una velocidad
vertical uniforme wy << U,.. Teniendo en cuenta que tanto el espesor como el desplazamiento vertical de la seccidn carac-
teristica son pequenos frente a su anchura. calcular la evolucién temporal dela velocidad vertical de la seccion. considerando
que no gira v que la rigidez a flexidén de la seccion analizada es ;".I:;:E.

Dibujar el resultado anterior cuando la masa vale M = 4383 Kg.m~', la anchura del puente es 4 [m], la rigidez a flexién
es nula y la duraccion de la rafaga es infinita.
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: DUHAMEL’S INTEGRAL
APPENDIX (1) PRINCIPLE OF SUPERPOSITION

X(t) response of the physical system to the input f(t)
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“Indicial Admittance” = response to unit-step function response to unit-step function
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) LAPLACE TRANSFORM
s o) CONVOLUTION THEOREM ,_

c{r@y= [ s

THE($)G(9)} = (f*9)(1)

(f xg)(t) = /m f(t —z)g(x)dx
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