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ABSTRACT 
 

  Inflow broadband noise is generated when turbulence in the rotor wakes impinges on the downstream stator 

vanes. In this paper a three-dimensional model is developed to investigate the broadband noise due to turbulence-

cascade interaction. In the newly-developed model, we consider the effects of incident turbulent gust component in 

span-wise direction on the inflow broadband noise. The quasi-three-dimensional theory is deduced based on the 

tonal analytic theory of Smith (1972) and two-dimensional broadband noise generalization by Cheong et al. (2006; 

2009). Extending the modified LINSUB code, quasi-three-dimensional computational results are presented. Finally, 

we compare these computational results with time-domain results to validate the theory. 

 

 

1. Introduction 

  Nowadays, the use of aircraft is rising, which made it 

very necessary for aero-engine designers to lower 

product’s noise. A significant component of turbo-fan 

engine noise is fan noise, which can be categorized into 

tonal noise and broadband noise. With less blades and a 

lower rotation speed of future Ultra High Bypass Ratio 

engines, fan tonal noise can be shifted to lower 

frequencies. Therefore, fan broadband noise is left to be 

the major contributor to the overall aero-engine noise.  

  Fan broadband noise can be categorized into self noise 

and inflow noise, between them, inflow noise due to the 

interactions of rotor wakes and stator vanes has more 

contribution to overall noise levels. 

  In this paper, in order to investigate the three-

dimensional inflow broadband noise, we extend the 

previous two-dimensional model of Cheong et al.
2,3

, 

including the span-wise wavenumber components of 

impinging turbulence. 

 

2. Theory Development 

2.1 Three-dimensional Model 
The cascade geometry and coordinate system 

investigated in the paper are shown in Fig.1. A three 

dimensional rectilinear cascade of flat plates with stagger 

angle θ is assumed to be located in a two-dimensional 

uniform flow moving in the direction parallel to the 

chord, i.e., with zero incident angle. Homogeneous, 

isotropic turbulence is assumed to be convected with 

mean flow A as a “frozen gust pattern”. The cascade of 

flat plates is assumed to be bounded by two parallel 

walls.  

 
Fig.1. 3-D cascade geometry and convected turbulence gust 

2.2 Acoustic Power Spectra 
  Based on the two-dimensional theory of Cheong et al 

(2006, 2009), we derived the acoustic power spectrum 

formula for 3-D problem.  
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 is a non-dimensional modal power response 

function given by:  
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2.3 Turbulence Spectra 

  In present study, the Liepmann spectrum 
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2.4 Cut-on Condition 
  From axial wave number, we can get the maximum 

and minimum acoustic mode number: 

  
 





2-1

)1-()1(

2

2222

12 Bs

M

kMMkM
l 




      (4) 

From this cut-on condition, according to each mode 

number in k3 direction, we can get the cut-on mode 

number in k1 and k2 direction. 

3. Numerical Results 

In this paper, we set k1,I = 6π, 15I , 4B , 1s , 

7M , 0.8R , 3N , 0.1 R , 0.0001
2

2

Ww . The

cut-on modes are shown in Table.1. 

Table.1 Cut-on modes 

N i  l 

0 1 0 

2,…,3 -1,…,1 

4,…,5 -2,…,2 

6,…,7 -3,…,3 

8,…,9 -4,…,4 

10,…,11 -5,…,5 

12,…,14 -6,…,6 

15 -7,…,7 

1 6,…,15 … 

2 11,…,15 … 

3 / / 

 

  The pressure square spectra are shown in Fig.2. It is 

compared with time-domain result, with k3,n = 0. As 

shown in the Figure, the two results matched very good 

except only two points where frequency mode equals 2 

and 13. 

4.  Conclusion 

  Using Smith’s theory and Cheong et al’s analytic 

formulation of the two-dimensional response by a 

cascade of flat plates, the upstream and downstream 

sound power spectrum for an isotropic frozen turbulent 

gust impinging on a rectilinear cascade of flat plates has 

been calculated. In this paper, we developed a three-

dimensional model, and derived the acoustic power 

spectrum formula which includes the effects of span-

wise wavenumber of the ingested turbulence. Modifying 

the LINSUB code written by Whitehead, three-

dimensional results are calculated, the validity of the 

three-dimensional formula is performed by comparing 

the three-dimensional results with DH.Kim’s three-dim 

time-domain results. 

 

(a)  

(b)  

            

     Fig.2 Pressure square spectra: (a) inlet and (b) outlet 
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