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Low—noise Design of Passage of Idle Speed Control Actuator
in Automotive Engines Using Scaling Laws for Noise Prediction
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Cheolung Cheong, Jaehyun Kim, Sungtae Kim, Yonghwan Park and Soogab Lee

(20079 39 289 HE; 20074 7€ 18Y AAgER)

}
Duct Acoustics(9E 33}, Aeroacoustics(F3H4 %)

ABSTRACT

Recently, plastic products in air—intake parts of automotive engines have become very popular
due to advantages that include reduced weight, constricted cost, and lower intake air temperature.
However, flow—induced noise in air—intake parts becomes a more serious problem for plastic
intake—manifolds than for conventional aluminum—made manifolds. This is due to the fact that
plastic manifolds transmit more noise owing to their lower material density. Internal aerodynamic
noise from an idle speed control actuator(ISA) is qualitatively analyzed by using a scaling law,
which is expressed with some flow parameters such as pressure drop, maximum flow velocity, and
turbulence kinetic energy. First, basic flow characteristics through ISA passage are identified with
the flow predictions obtained by applying computational fluid dynamics techniques. Then, the
effects on ISA passage noise of each design factors including the duct turning shape and vane
geometries are assessed. Based on these results, the preliminary low noise design for the ISA
passage are proposed. The current method for the prediction of internal aerodynamic noise
consists of the steady CFD and the scaling laws for the noise prediction. This combination is most
cost—effective, compared with other methods, and therefore is believed to be suited for the
preliminary design tool in the industrial field.
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Fig. 1 A hierarchy of noise prediction methods (Ref. 1)

Az FNA &S F gEEY Aol JIFsolth
NFaSS BE 14 3 Ade b8 239 &
o o3} wkA7)(masking)=o] A TAIEA FA| 7
T3 AGdle)de A&3]4 Aldl= ISA(dle speed
control actuator) B ISA #2& Fs] 245 7]
7 2ol F83A Ak

o] =EME ISA #29 A4xg HAE 93y
48 CFDIMZza5 FAHA &g <52
Bkt v 4)g o] 83191t Fig. 1914 T84ASS
R 2 =AERTY.

Fig. 19| 2z} do] EAIsM 9 ZF gAldA 93
F e A WEE vEia, 7 deA skl
4 AA s R & o 4%
g dh S Uehdc) & Eo] dolA ofelF wy
E9 %3 Fol EAol usiA DNS(direct
numerical simulation)& ©]&3f4 A9 F5%
7 1o M2 SFFE A sMEta e o,
Kirhhoff #Holu} ANGG S A &

v 3
ool Wl £28 ASHE ol T o
4% F Q= M AR PHolth ARY PEY
F% BAHOE AN WS /42 2dw &
A AN AATAN AR A3 A
& Roud wyel &a4ol Fasith

o] EEAAE AJARANN 27] FATA A

29 Moz 44T & At 5 Fig. 19 2 Qo
A AY ARl AAg BHEY 2}IHY F5&
SHME AT WA SA $22 59 34
(steady) #5& GFED(turbulence model)S X
g8l RANS(reynolds—averaged navier—stokes) =
HAAE o] % HRE & o, BHE ¥
225 457 #Ed o|EAdA FEF vHAS
olg3td AEALR £gd BHIAAT LE A5

vlE el vehd FEHd M5 [SAFRe] oY

spelzulel #Fe zdsted 7MY g AHEE

& AaAE £8S ol§5: B
otk J|EHoz WH KL 275 AR(Orifice
plate)e] 53} SAI3IE). Fig. 2014 Fuvjel 22

684/ AZVUSIHI=F /A 174 A8 2, 20073



25 AN S o18F AFH A

A 3HH &% Ao} AR F2 A4S HA

Vena Contracta

\ﬁ Pressure
Recovery
P Pc —‘L_____

Fig. 2 Diagram of flow through a throttling constriction
in a tube and the associated static pressure

530 % #2 Aol Was 1o BE ¢
& 25190 RS 4Fe Py, 2al9)nEy

=3
i
ng
>
ol
ol
il
Ao

4g pprta 3, Wu

o}

H
2apo A A Ag:‘él_ GFZ s AfEel A

o2 ABED 23e 2y
eA ddh agez i
Q'E]-_L o]—IﬂE}E Pl“']‘ P2‘1___‘

(momentum)t A

el sholz Ago

LU

3}

gz gtk %9 ZEAX(streamlines)e 273
29 FFAA HAWHAH(vena contracta)ol Al
FH3A "o

o] HAUARHAA ¢

o
gae ANA Btk WuE BH GHEH, PPs
APE ARF U ARTE BF TRV T4

o Wn 3l wshe

o
#7 £E9 BF TP W F7kA Wk

K3
Ec)
=2
X
o
kd
Mo
ot
[©
1
B
fo
k>
dlo
2
_Il)l'
i)
5
>
fo
:{o

& =M, & USSU, PP ZA3
M AF = HarUHAA Apold] &Ao] gitk
W SEAAS ARIn §Ao] g AeiuAA
& ARSI 13 X F Alolol] THEI e WA
$ A=Y 5 A

Ul _2C, AR [ R
PR el R W
¢ 7V NER R

A71A Crz B EfolA BAsle E48
Aok FTEM Ca< 19 HAE 7HD AP
F,

83| B (pressure  recovery  factor),

(R-P)AR-P)& &3t APE XHE + 9
I, PE 2 Fitel A P2 248 & 5 3
o gz RIG%S oEd 2 Ho2 24}
grt.

et}

A7l 4.5 HAWUHAHY BWA _
(O Qe d=H&dn o -&F ZUo2RH §F
Z27& A o ARE & vk FLY G R
o FFY Foln okEd E”‘é’“q]E o &gt
BHEAA AAHE IRE W) v
&4 o] 2A U(integral length scale)& 7Fta
H3E 4 ek

UREE71fss 1elE o ¢4 Sdo| ARG
Zolr  Zd(choked) &Y 23R Elscreech
tone) @e] YA e & o553 Al A%
g FL3F 28902 15T F vk Felzy o
Eo] ord Ful{cutoff frequency) Bt} 2 Fd4
o Waide 2SdECl A JF FEF Qe
AAE 94 {5 Fesin Ad Fofuo 7
& Fu= AREC HiME 259 2Tt ¥
. HEH] olg& dF Tl g 45 W
Aol sl of §EHE Adste &% e
7t AFe AE &g FHE JIABE,

ZA . Az
(), =a, A U (—] &)

P.C; 4

¢

a2

4714 AL WRe) ARelaALE UL @
L UE A4 4L 59 A% 588 Uit 3
W4 SA2A dolE2 Foh FEEY B o
A AR A9 4F Felsh B=pel/r & of
$319 9 A2 ojdlsh ol BT 5 Uk

erne )2 )

Ao o3 T2 WAo|mE AY/4Le Foi
Wdol tfgt Wiy Wil A A (correlation) |

H
B
ojo
2
ot
Okl
L]
™
rr
Ao
iea]
~
2
[y
ﬂ
i
2
co
fol

[\
>
S
\]
¢
~
=)
=
o



- A E -

g Jehe 852 A4 5 Sl BBy Aa
S AA9 718 e vz ¢ go2RE £ o
e 71 dolo] GRE AT £ o 701 A
A gEEAe Jdos|vE WHEYS wWEO o
A9 g& Fole Aotk

e k&A= pi/P<K1.89NME AFT @

F Efoz Y 2gHT oF3d dF 4go]
% o $830°%. 0]3F 282 v o) 5¥
g & 9ok
A4 A
(p), =a, 22Uf| = ®)
c, A,

Wy o W) tjg ¢ do] 27 HZ A
Jd% A2 A (B) thew 2ol verd gt

3 372 3
AN P 2AP c’
(), =pia| 2| (2] 2] [ 2] [ 2=
¢, ) \dJ/\F 44 F,

®

A ()9 0]FF 282L 4 °
o Tttt aEd o2 280 AFF a0
we 2 25 g9 B)=F) +®), 9 2o 78

& 4 91 1B e go] AT gtk

N

9 AolA &3 BYe ugE e F AY FE
A A gke] vlol| oJEsta AP/P 9| 3AIFAA 4
AF Atole] ghol v dthE A& & & Tk

3. 85 ¥ YN 22 o5 2T

ISA f2 WH-9 #5730 ogd ARE 47 9
&to] 8T 29 Star-CDE ol 838k FXHA}
E 3Pk ISA 8B g7 v&o] dAsHA
A= FAAVE(steady-state)d] F5S ML

i

22 dglon SA f29) 4% 24 TARS g4
B3ln 2 AMHA 448 QAE o83 vAHY 4
A2 ol&3td RUAFAT. At AR AL
Ahg g ¢l ICEM CFDE o]&3le 3313
t} ISA AEEE YR dr 49 b)gd ot &
2 B FEF AJolE BY ACRE [SA AEE
7] ME 99 H&$ 033, 0.66, 1.002E W3
IHA ARE AR 4Z gstd R3S
o FA AL FP3SCH

Fig. 314 A4l o 2dd digt +2& Yehj
Aok $&31de] 349 A 1¥E A B, C 3t
F oA w221 @S 272 A B, C 2
YA BHEGL 2NN e SEEE F5Y
FE2WES JehE Aoz A% Ao A 134
A AY e Ze AFo] [SAE Yehlin &2
2 950 225 WHE 3IF}Y e HUE
2 9735 E 9EE et
Fig. 4914 AlXF AAte} A83 9} - &7 FAZA
< Yehgith ISA 2 WRY FES 2ALE
st M3 AR F kZ(node) 9 F L&
(element) ¥ z}7Zb 401,25070¢ 201,0077]0] 1t
APAA 24§ FRE AT 4TE ¢EES

[

Fig. 3 Geometry of ISA passage

Stagnation pressure
specified inlet

Pressure
specified

Fl
ow Outlet

Fig. 4 Computation mesh with boundary conditions

686/t AS TS 3= /A 174 A8%F, 20073



2gd% L 18 AER

Table 1 Computational conditions for flow simulation

ltem Condition
Flow types Compressible viscous flow
Turbulence model k- ¢ High Reynolds number
model
Star-CD version 3.100A
Solution procedure SIMPLE algorithm
Temperature 20°C
Molecular 2. 896E+ 01
Air properties weight ke/m®
Molecular 1.810E-05
viscosity kg/ms
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Fig. 6 Predictions for velocity distribution

Fig. 7 Predictions for pressure distribution
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Fig. 11 Veocity profile at 30 mm downstream from
the endline of vane:(a)0.66 vane (b)0.33
vane, and (¢) 0.00 vane
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Table 2 Comparisons of selected parameters

Types
Selected X -
parameters Right-angle Filleted
passage model passage model
Max Vel. 73.4 m/s 55.5m/s
AP 4560 Pa 2220 Pa
>pk 4173 kg/ms® 2101 kg/ms®
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