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Example: The 2010 VT Airfoil Experiment
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Example

Assuming von Karman spectrum, but could assume
Liepmann (see eqn 11.3.23), or use measured wake

data, see aeroacoustics.net

Using compressible flat plate response function (ignoring thickness)

1.854-m span 0.2032-m chord blade immersed in a steady turbulent flow with U, =

30m/s, \/u_g/Uoo = 3.9%, Ly = 0.082m. Plot the sound spectrum in SPL, 5 heard

by an observer in the frame of reference of the blade 10m ‘above’ the blade
midspan leading edge.
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Plotting results scaled to 1/3" octave SPL:

ZSppa)

SPL1/3 =10 10g10<

Simple to evaluate Fresnel integral E, in Matlab:

function res=E2 (x)

res=fresnelc(sqrt (2*x/pi))+i*fresnels (sqrt (2*x/pi)) ;

end
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1.854-m span 0.2032-m chord blade immersed in a steady turbulent flow with U, =
Exa M | e 30m/s, VuZ /Uy = 3.9%, Ly = 0.082m. Plot the sound spectrum in SPL, ; heard
p by an observer in the frame of reference of the blade 10m ‘above’ the blade
midspan leading edge.
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clear all; Spp (x’ a)) B 87"92 T'gz 22 U_oo ’ k3 |A (kl ’ k3 ! (1), M)|

rho=1.1;cinf=340;uinf=30;u2=(uinf*0.039)"2;1£f=0.082;
c=0.2032;b=1.8542;m=uinf/cinf;beta=sqrt (1-m"2) ;
f=logspace (1,4,100)
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T(w/Ugs + kB2)Y/2 (k — Mk, — k)12

A(kl, k3, w, M) =~

;omega=f*2*pi; k=omega/cinf;

x1=0;x2=10;x3=0;
rg=sqrt (x1"2+beta”2* (x272+x3"2) ) ;

4 u2 (k? + k2)/k?2

k10=k/beta”2* (x1/rg-m) ; k30=k*x3/rg; ¢22(k1; k3) —
kO=k/beta”2; kappa=sqgrt (k0.”2-k30."2/beta"2) ; o kg [1 + (k% + k%)/kg]7/3
ke=sqgrt (pi) /lf*gamma (5/6) /gamma (1/3) ;

g = x{ + B*x5 + B*x3
phi22=4/9/pi*u2"°2/ke"2* (omega.”2/uinf*2+k30.72) /ke”2./ (1+ (omega.”2/uinf"2+
k30.72) /ke”2) .~ (7/3);
lambda=-2* (1+1) *E2 ( (kappa-m*k0- k(o) W [Xq M k(o) _ W [X3
k10) *c) /pi./sqrt (omega/uinf+kappa*beta”2) ./sqgrt (kappa-m*k0-k10) /c; 1 —'I?ZC T 3 — c r
spp=pi*rho”*2*uinf*b*c"2*k."2/8/rg"2*x2"2/rg”"2.*phi22.*abs (lambda) ."2; © g 0 g

spl3=10*1ogl0 (2*omega.* (2" (1/6) -2~ (-1/6)) .*spp/4e-10) ;

= (k2 —k2/pDY2 ko = 0/FCo

figure;h=semilogx (f,spl3, 'k");
xlabel ('f(Hz) ") ;ylabel ('SPL 1/3 re 20\muPa');
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1.854-m span 0.2032-m chord blade immersed in a steady turbulent flow with U, =
Exa M | e 30m/s, VuZ /Uy = 3.9%, Ly = 0.082m. Plot the sound spectrum in SPL, ; heard
p by an observer in the frame of reference of the blade 10m ‘above’ the blade
midspan leading edge.
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rho=1.1;cinf=340;uinf=30;u2=(uinf*0.039)"2;1£f=0.082; 55 |
c=0.2032;b=1.8542;m=uinf/cinf;beta=sqrt (1-m"2) ;
f=logspace (1,4,100) ;omega=£f*2*pi;k=omega/cinf;
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x1=0,;x%x2=10;x3=0;

rg=sqrt (x1"2+beta”2* (x272+x3"2) ) ;
k10=k/beta”2* (x1/rg-m) ; k30=k*x3/rg;
kO=k/beta”2; kappa=sqgrt (k0.”2-k30."2/beta"2) ;
ke=sqgrt (pi) /lf*gamma (5/6) /gamma (1/3) ;
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N
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phi22=4/9/pi*u2”2/ke”2* (omega.”2/uinf*2+k30."2) /ke”2./ (1+ (omega.”2/uinf"2+ 40 |
k30.72) /ke”2) .~ (7/3);
lambda=-2* (1+1) *E2 ( (kappa-m*k0-
k10) *c) /pi./sqrt (omega/uinf+kappa*beta”2) ./sqrt (kappa-m*k0-k10) /c; 35
spp=pi*rho”2*uinf*b*c"2*k.”2/8/rg"2*x2"2/rg”2.*phi22.*abs (lambda) ."2;
spl3=10*1ogl0 (2*omega.* (2" (1/6) -2~ (-1/6)) .*spp/4e-10) ;
30 e
figure;h=semilogx (f,spl3, 'k"); 10 102 103 10*

xlabel ('f (Hz) ') ;ylabel ('SPL 1/3 re 20\muPa'); f(Hz)




1.854-m span 0.2032-m chord blade immersed in a steady turbulent flow with U, =

E ‘ 30m/s, Vu? /Uy = 3.9%, Ly = 0.082m. Plot the sound spectrum in SPL, ; heard
Xdm p e by an observer in the frame of reference of the blade 10m ‘above’ the blade

midspan leading edge.
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1.854-m span 0.2032-m chord blade immersed in a steady turbulent flow with Uy, =
30m/s, VuZ /Uy = 3.9%, Ly = 0.082m. Plot the sound spectrum in SPL, ; heard

Exa M p | e by an observer in the frame of reference of the blade 10m ‘above’ the blade
midspan leading edge.
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Also...
* High-frequency approximation 13.2.5
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1.854-m span 0.2032-m chord blade immersed in a steady turbulent flow with U, =

E | 30m/s, V 2/Uq = 3.9%, Ly = 0.082m. Plot the sound spectrum in SPL, ; heard
Xd[Mm p e by an observer in the frame of reference of the blade 10m ‘above’ the blade

midspan leading edge.

Also... o 0t
* High-frequency approximation 13.2.5
* Sears (incompressible response), 13.2.7
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1.854-m span 0.2032-m chord blade immersed in a steady turbulent flow with U, =
Exa M | e 30m/s, VuZ /Uy = 3.9%, Ly = 0.082m. Plot the sound spectrum in SPL, ; heard
p by an observer in the frame of reference of the blade 10m ‘above’ the blade
midspan leading edge.
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Some closing thoughts



Key Results - Lighthill's Theory
e Lighthill’s wave equation is an Analogy F(x,t)>0 Q T

 Sound from free turbulence scales as U® Vi
(hot jets scale as U°®)

* Noise from surfaces in a flow is caused by

Thickness noise, Loading noise and H. = J [ ] dV
Quadrupole noise 0x; 09@ 47TT(T)I1 —M |

» Loading noise scales as U® (or U for edge 9 piin; L
noise sources) 0x; Jg [4mr (D)1 — M, || _

 Sources moving supersonically can reverse

h i h b n d pooVi'ni ds
the source signature at the observer. at,L 4mr (D)1 — My |] __




Key Results - Turbulence

We need 2-point statistics (spatial correlations,
wavenumber spectra) to define aeroacoustic sources

Simple analytical models for spatial correlations and
wavenumber spectra exist for homogeneous
isotropic turbulence

U

These also fit quite well to experimental data from ——
inhomogeneous turbulent flows

Experimental data is available for the two-point
statistics of turbulent wakes and boundary layers

Analytic expressions exist for the boundary wall
pressure frequency spectra, and wavenumber-
frequency spectra (needed for TE noise)
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Key Results - Open Rotor Noise

* Increasing the rotor diameter for a given thrust
reduces the noise

* Doppler factors of (1 — M,.) have a significant
impact on directionality 15

Harmonics of Blade
-20f Passing Frequency

e Rotors have tone noise, BVl and broadband noise
* Inflow distortions increase noise

-40

* Blade response functions determine the loading

noise _Buklu Broadband Noise .
* A compressible blade response function must be h
used when the chord is greater than 1/4 of the h '

acoustic wavelength 100,
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