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COMPUTATIONAL ANALYSIS ON DRONE NOISE OF AN AUTOMOBILE
WITH OPENED REAR WINDOW

LH. Bai and Y.J. Moon"
School of Mechanical Engineering, Korea Univ.

In modern days, automobiles are the most important means of transportation. With the development of
automobiles, noises generated during operation has been recognized as a significant factor of performance to
provide drivers with better driving environment along with other passengers. In this study, drone noise(pulsating
noise), generated at the rear window when its opened, is predicted to understand the physics of its phenomenon at
various velocities. The compressible Navier-stokes equation will be used with 6" order compact finite difference
scheme to analyze the characteristics.

Key Words : HH3-3Fs] L(Cornputa‘ﬂonal Aeroacoustics), -2 4>e(Aerodynamic Noise), AF52} 32 2>(Automobile Drone
Noise), M| A~ (Buffeting Noise)
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2.1 Large Eddy Simulation (LES)
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Fig. 2 Computational domain
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Table 1 Comparison of peak frequency and SPL

Speed Peak frequency (Hz) SPL (dB)

(km/h) | Experiment LES Experiment LES
20 27 28.16 87.5 116.89
30 22 - 102.3 -
40 25 27.28 1233 127.60
50 27 - 128 -
60 30 28.16 118.8 132.17
70 31 - 112.9 -
80 30 29.90 110.6 12246
90 30 - 1113 -
100 31 34.30 1122 115.90




COMPUTATIONAL ANALYSIS ON DRONE NOISE OF AN AUTOMOBILE: ** Vol.18, No.2, 2013. 6/ 29

40
O Exp
®LES
~N 30F
= ®
- i
,u -
g 20_-
3
3
= 10F
O_IIIL']'I'll.IIIII'
20 40 60 80 100
Velocity (km/h)
Fig. 6 Peak frequency
180 b
I @ LES
120}
‘N | @
LN & ool
2 [
i i
7] 60:-
30f
02020 B0 80 100
Velocity (km/h)
. Fig. 7 Sound pressure level
Fig. 5 Instantaneous pressure contours
I, o AFLY ATYF BAUH SRS Evorex
LES OH Oﬂ AOH}J :[LOH T':Z_ Q (Second nvariant sheddmg)o] L]—E]—L]—‘—“_‘— 7}_1% z]_?lg_ ES /\)\——ﬂv -}_%}:94 _—?—_ P ]}\1
property of velocity gradient)?} $¥3Ei= Fig 4%} Fig 50 1k wake) 7+ L]—E]—LH—:— A8 ok 2= oIy,
R S o Qe Sl b EWdGeod g oy o 4 glzo), LESE Bl ol Faket A
invariant property Of Velocity gradlent)ii’yﬂ Z\—] (23)9Jr 7]5]_'01 ;I‘—L 3]:_'101] -O’IBH 7‘2‘]% ‘?_‘4‘1_7]_ O]Z] OH_:_ 7}4\% :;c_,]_?— fiu} ‘{F 9}‘9‘
ek W, Fig. 7¢] SPLE 20 kmhZ xﬂ%}i—% BE AfeA o

Ash= & & 5 9Tk 20 ke 7

Qo = (202, 545,)/2 () 2 pne A 8] Robie oz 2
_ 1,00 9y Ax| S 247
Sij_g( o1, axi) 4. X| offAd Az}
_ 190 _ oG, 41 38 2 ol o8t 95 54

W2 o, o, 9 AT el Sl 9L dor] A AEH B



30 / J. Comput. Fluids Eng.

I.H. Bai - Y.J. Moon

Fig. 8 Computational model
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Table 2 Peak frequency and SPL

E ok Hlo

Velocity (km/h) | Peak frequency (Hz) SPL (dB)
60 31.88 110.07
80 31.82 112.07
100 31.71 117.50
120 34.76 124.22
140 34.04 132.84
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Fig. 12 2D Pressure difference in sequence at 140 km'h
(averaged in window height)
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Fig. 18 Correlation coefficient between window and passenger
compartment when two rear windows are open (dot :
correlation coefficient at same location when one rear
window is open, L : reference length 450mm) ; (@) right
rear window, (b) left rear window
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Table 3 Frequency and SPL of different cases at 140 km/h

Case Frequency (Hz) SPL (dB)
1 rear window opened 33.95 132.84
2 rear windows opened 37.94 120.59
1 rear window and
1 front window opened 357 11669

(a)
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Fig. 19 Correlation coefficient between window and passenger
compartment when one rear window and two front window
open (dot :correlation coefficient at same location when one
rear window is open, L=reference length 450mm) ; (@) front
window, (b) right rear window
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