
 

 

 

 

 
1) PA

PA PA

PA PA

 

2)

 

PA

PA

 

 

 

 

1 PA

x y z

L 20 mm D 10 mm

U0 30 m/s M ≡ U0/c = 0.087 PA
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3) 1

s = 4 mm (s/L = 0.2) Vpp = 5.4 kV

4.2 kHz  

 (x = 0, y = −0.5D, z = 0) 

PA

115 dB PA

fi = 30–750 Hz

PA Rd = 0.5  

 

1: PA  

 

PA PA

 

 

 

2

ys

D/L = 2.5

ReL = 4×104 M

0.087 0.26 2  

 

2:  
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Hs ls

1.5 kHz (M = 

0.087) , 14 kHz (M = 0.26) 1/4 La ls/La

Hs/La
4),5) 0.1, 0.5

rs δα = (2α/ω)1/2 α

ω  

 

 

3 Navier-Stokes

PA

Volume Penalization (VP) 6) VP

2

 

6 7) 4

3

2 1  

M = 0.087

0.008 mm

0.8×10 8 s

0.1 s 1250

1000 16 30 d

 

 

 

 

 

3  (x = 0, y 

= −0.5D, z = 0) 0

PA t = 27.9 ms

50–100 Hz 0.6 5

 (x/L = 6.75, y/L = 21.5, z = 0) 

12 dB  

4 q

PA  

(t = 28.75 ms) 3

 (t = 31.25 ms) 

 

スーパーコンピューティングニュース� Vol. 23, Special Issue 1,  2021-  96  -



 

 
3:  

PA  

 

 
4: q/(U0/L)2 = 70 p’ = −20 Pa  

PA  (t = 28.75 ms)  (t = 31.25 ms) 

 

 

 

Rd = 0.5

PA

fi = 30–750 Hz 5  (x/L = 6.75, y/L = 21.5, z 

= 0) 

fi = 200 Hz 16 dB

2–4

 

6  (x = 0, y/θ = 1.0) 

tfi = 0 PA NH  (1) 
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2

1 0

1 zn
k

k

u u
NH

n U                                                 (1) 

nz uk k

fi = 50, 200 Hz PA

NH = 0.2 fi = 400, 750 Hz

PA

PA

5 fi = 200 Hz

 

 

  

5:  6:  

5 0

6  

 

PA  

7 q

7 (a) fi = 50 Hz PA

tfi = 0

tfi = 0.5 PA

7 (b) 

fi = 200 Hz

PA
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(a) fi = 50 Hz  

 

(b) fi = 200 Hz  

7: q/(U0/L)2 = 70 p’ = −20 Pa  

(a) fi = 50 Hz (b) 

fi = 200 Hz

 

 

 

 

8  (x/L = 0.5, y/D = −1.0) 

f L U0 St ≡ 

fL/U0 fr Str ≡ frL/U0 M = 0.087

Str = 1.04  Str = 1.46

7 dB M = 0.26

Str = 1.04

3 dB

 

 

 

9 ys ls

Tt ls

M = 0.087 0.048 K/m

M = 0.26 9.6 K/m
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1

 

 

(a) M = 0.087 (b) M = 0.26 

8:  (x/L = 0.5, y/D = −1.0)  

M = 0.087 M = 0.26  

 

 

9:  

Tt ls
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