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Compressor BPF noise reduction for an automotive turbocharger
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ABSTRACT

Automotive turbochargers have become common in gasoline engines as well as diesel engines. They are
excellent devices to effectively increase fuel efficiency and power of the engines, but they unfortunately
cause several noise problems. The noises are classified into mechanical noises induced from movement of a
rotating shaft and aerodynamic noises by air flow in turbochargers. The mechanical noises are whine and
howling noises, and the aerodynamic noises are BPF (blade-passing frequency), pulsation, surge, some
special frequency noises. These noises are bothering passengers because their levels are higher or their
frequencies are clearly separated from engine or vehicle noises.

The noise investigated in this paper is a BPF noise induced by compressor wheels, whose frequency is the
multiplication of the number of compressor wheel blades and its rotational speed. The noise is strongly
dependent upon the geometry of wheels and the number of blades. This study tried to apply a groove close to
the inlet side of compressor wheels in order to reduce the BPF noise. The groove has successfully reduced the
noise of narrow band frequency of a turbocharger. It shows that the groove could reduce the wide band
frequency noise, the compressor BPF noise with a best shape of the groove.
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Fig 1. Characteristics of compressor BPF
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Fig.3 Noise map of compressor BPF noise
3. BPF A& 70M

3.1 H=Y AN 52
A YA BPF A&

3 &4E g
&
4 Wl WEe] s

]_

Cls 3}

o WAEE 2SS Arﬂ‘i ‘Mlo} H}-o} o]

e fFads FdAdstr] fste AEHA skg-
A LR FSAE AT HEAA 3¢

160k rpm oA M A (Surge)ol A %= (Choke)

gdogo ol AZANA EHAA 10cm

48 25S A2 AZYA BPF &g A
Hubs FE3te] Hlagk A3 Figd oF ¢t

AAH oz agel FRMA GaHE FFL
Bolx e wh, WL }$Y BHOE ¥
AEE 289 Jolgo] B4 282 ¢ F 9
th. 160k rpm °l9]9] B A5 FGAAE

AR EH el e gl 3

A e A3 olg3 WA £ )
s ofd e delalr.

RO
Mo & do -

—160k(Z &%) — 160k(BASE)
IIO dBA

T

m

=

&

5

z

w

o

) v

L] 20 40 60 80 100 120 140 160 180 200

[sec]

Figd. BPF noise comparison for the

application of noise—absorption material to a
compressor housing

3.2 H=HAM
AZYA YESo A B E
et A weltow JFETS Hg
ATHY. o] W YA x2& E
okt

519F Xz M8

cd w HEAA A5 494 ua @
m et

s TAY AF JE2 1.6kHz-1.8kHz °]t}.

c9d A5 o] el A4 K%
5w 2ol A sl WA g,

9 oo HuaA a5 ddelAl 34
ol okl @l Wy gelel e 4
& FEE 24 AT

#4 BPF 252 -?494 cETE e 5
A4 A7el sl
Ao 7 dF
=< A=A BPF
2 e

| 853



Width

2o &

Position . 2 27
MNA 49, 3 B 2 %3 999 3 F &
o TRHPG. £4 J9e Fig6 # 2k
E I
: i
5 ]
£
P
] ¥ Volumetric Flow Q0 [M*3is]
Fig.6 Turbocharger operation paths for noise
tests
Table 1. Test Samples 28 =24 9 Az A AT AT YA
27 stelzol A 217k 10em 2HEE 43
of Wmstdth 28 AEEC UF 7 &%
Samples ‘m? 'm:'; m; Position ZA AeA ] 7 2d 27 wE Ao
(mm] BPF &g %< Fig.7 3 o] vyt
BASE 0 0 0 0
TC#1 3 5 45 0 mBase
TC#2 1 1 45 0 % I“ dBA @rcn
TC#3 1 1 1 -1.5 2 [T
2 ETCH3
TC#4 9 1 1 +1.5 o
& mTCH
TC#5 3 3 1 0 e _ : i
o —
TC#6 1 7 30 0 ‘: HTCHE
- |
TC#7 2 1 1 0 = | | | =rew
- S T TCHe
TC#8 3 1 t 0 Surge Center Choke
(a) Noises at compressor housing
25 AYES 9% HEAA 4 2de ¢
&3} 2.

» HEAA 3 de
A A Al s wAA v
Aalse 422 90 23 A F7HAIA

854 |



W Base

ancsl

I4 dBA

mTCH2

BTCH3

ETCRY

=TCHS

HTCHE

Max Comp BPF Moise [dBA]

mTCRT

TCHE

Surge Center Choke

(b) Noises at compressor outlet pipe

Fig.7 Max BPF noise comparisons for 3 test
conditions
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Fig.9 Compressor performance maps of Base
and TC#1
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