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Applied Mechanical Acoustics & Noise Control Lab.

ME St 20k Hit & S2(1/2)

Computational Flow Acoustics (E:FL —7,‘—X1|) reial s[5 0|52 flet LEE-0XN= K| 7|8 H =48 HE
b (K1Y 7| SRS R}, SHtQ M, LGRIR}
Ol
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Whistle Sound

Vortex Sound Source -1E+09 -8E+08 -6E+08 -4E+08 26408 0 2E+08 4E+08 6E+08 BE+08 1E+09 ‘

_.
N
S

g DEREENRS B SR

Without plate

i Without Plate
i QP 6D
il PP 6D
il OP 100
sl PP 10D
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10 20
Axial distance(D)

Acoustic Power(dB)
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T 2 AR N :'7
|1 PP 10D o 3 1200

Num : 2 2QSS-VSSL
Num : 5 ZQSS-VSSL

Vortex Sound Source Level [dB/Hz]

ol L . L L 160
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Model A Model B Model C

Num Exp Num Exp Num

53.7 65.2 52.1 67.4 59.3
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Computational Flow Acoustics of 7|at x
- (A& 718 LR
oA A OP =7 7
. EQ-ZEE ¥%7| HEZ LUHF LT BA e .
it Vahe & «»  Pressure % Velocity contour
Heat exchangcr": . ——+ Flow Cylinder rotor retainer ,
) Comp. shell /Il
Accumulator ,/
Motor rotor Accumulator ,'\,\
Motor stator )«
1 ; [ Cylinder ] [ Discharge | [ Valve |
Upper muffler Upper chamber — Lower
. 1 Pressure
Bearing H g;E:gg .
Lower muffler Lower chamber =~ gigﬁos
26E406
= 226006 )
Compressor 2E+06
e
:Ez.ED;ots [ Cylinder ] [ Discharge | [ Valve |

BA=H A AX18

» Cylinder : Structured grid by TwinMesh

[ Boundary condition ]

Variable

Value

Method(IBM) + diffusion based

» Valve-grid motion : Immersed Boundary

b N

(=1
O o

Inlet pressure

1,129,710 [Pa)

» Valve gap : wall < interface control

Inlet temperature

B = 2863 K]

Outlet pressure

2,997,840 [Pa]

Operating speed

70 [Hz)

Time step

1.98e — 05(=% . %) [s]

[ Grid information ]

Variable Value
Unstructured grid 4.9 [million]
Structured grid 0.6 [million]

Total grid

5.5 [million]

 PUSAN
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[ Section view |

[ Cylinder grid ]

[2,940 Hz ]
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i ! /200 mm a
it SO SO OO, | £ 50
P1 P2 P3 | 200 mm
} 0
10! 10? 10°
Frequency [Hz
45 Hl2 aueney

o Tmo ©
kxl(l/m) kx‘(l/m) ky,(1/m)
TEA XI7EA H o = = 1L (o]
Oi=-Fht= 242 0|80 HEO| #HYHMEI|
120 El. —
— Analytic Il Analytic
——FEM 100 B SEA
80

102 10°
Frequency, Hz z

~
meteal S SAHHXZEM Y B

—— Comp.+Incomp. |
—— Comp.

—— Incomp.

100 1
50 1 1
Oferall (dB)

Cdmp.+Incomp. : 109.729
Cdmp. :88.022

PSD (dB/Hz)

Ingomp. £ 109.700
10’ 10° 10° 10*
Frequency (Hz)
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p=g/Hesd 92 =

120
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100 ~e- FEM
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40

20
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M&F g+t 20k 0% 2EH 8 25 (2/2)

: : - - (G FH) 1S 2SN 7Y R & o|=af ojzelot LI e A &5 0=
High-speed vehicle noise (RS 7|E SRS SITHEH A DRB%%‘

» High-accuracy LES-based Outside Mirror Whistle Noise Cause » Study on Shape Factors for Robust Wind Noise Performance Improvement of
Identification and Visualization (Hyundai Motor Company) Roof Racks (Hyundai Motor)

Q-criterion (=8 M)
Velocity [m/s] - D

+ Target Mirror Shape  Pressure fluctuation on
the cross-plane

AR CEAD [ 12 L Gl AA] T T » Analysis of internal propagation performance of external wind noise through the
> OUfOIM 2 EHY RELE HFHLE E X 47/ = /& side window rubber seal's nonlinear properties in a car (DRB Dongil)

FVM Z|¥t CFD
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Multiphase flow noise N SE R
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Multiphase flow noise e 71012
i C (Rl 7T SR BFM

> Optimization of blade/container shape design and development of fluid flow
noise reduction technology (LG Electronics).

>

Investigation of abnormal fluid flow noise inside the EEV (Electronic Expansion Valve)
piping of indoor air conditioner units (LG Electronics).
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Non-reflecting B.C.
/ (Acoustic power) T|T1.m
1 Mz
—
Ey E;
\ T2y
o 2 ) .
| e , N Structure Acosutic
S
L A
¥ Reflecting B.C. l {
(Zero-velocity)
M Myp
160
4— FEM
150 - SEA
)
H “r h | ] T T T
d; I ! -:l. Al | E‘ FIV + MIV + AIV
: at A, Fal T % FIV + MIV
L 430 ; e
& . i
§1zn Mt :
&
gl
10 .
3
5
‘IDEIQ sl 3 ;} é:, ' L :‘a L :EI .g
] ol ‘
PSP ELFLISESS :

< & ) \éﬁ) ("@ \‘3@ @:P r@:p fh’\@ k@) °§§h

Center frequency [Hz]

Center Freqauency| Hz]

S~

(ae PUSAN e
{21 NATIONAL UNIVERSITY 11 /13 Avanc




Applied Mechanical Acoustics & Noise Control Lab.

Mg 917 2o}

Fan/Pump flow noise )

>

(A7 =) 2% Wi H=o| Ids/Mag 24
(KA 7|2 LGEAL, +

( . . )
[ Experimental analysis ] Numerical analysis Fan
: Prediction of fan performance |
an performance tester oise tes! . O tlmlzatlon I l l
i o - — \ P / Axial flow Centrifugal flow Cross flow

(tangential)

N (radial)

*® e

( Development of design tools
: Automatic assessment system from

Noise performance

Flow performance

aa > — Efficiency
[Scmi.ancchole chamber] de_5|gn|ng to predicting the performance of
[Microphone] \_ axial fan )
» Development of performance of Centrifugal fan system (LG Electronics) » Development of performance of Axial fan system (LG Electronics)
Aoff = Xgeo — Aj < Automated system with (@ ~ (& >

Pressure side

-~
?j\‘\ = Qgeo — tan~?! Ua
S«.vvnbeslg,. R UA{A geo Uy

Number of
Blades

U,

| Comp. LES & Comp. RANS |

PUSAN

NATIONAL UNIVERSITY 12 / 56

(3 Verifying the optimized case
with 2D cascade CFD

@) Validation for optimized case
using 3D CFD & Experiments
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Fan/Pump flow noise
2008 2009 2014 2015

« @ ¢ @ @ ¢
/

/ Backward Centrifugal Fan \ / Axial Fan \ / Bakcward Centrifugal Fan \ / Backward Centrifugal Fan \ / Axial Fan \ Axial Fan \ / Bakeward Centrifugal Fan \ / Axial Fan \

_ - - - =g
ST Fan S AITH ST FFan SR W W Al ST AT SRk SED AL ZRW WEFT 7| 2m e PAITH dLIPZ =R
\ : i ) @ ®,
& W = @O 0"0 A\ . & =» &) -
7 - e — o ) -
7l 441X} : Trail Edge Shape P i & Zlj44 Q1X} : Duct optimization QIR : Inlet & Outlet angle pd Ealeiby HDHSI“E_DFNMIZ“ID'_"
Aol . 7H M QIX}: Number of Sturt 7024 QIX}; Airfoil Camber Inlet Sectional Shape I} :30 £7HE -5 RPM : 1100[RPM] Backplate Diamater Blade Diameter&Height
;“; QIA} : Cut-off Radius Strut Position Trail Edge Shape Number of Blades = Double Blade Fan Diameter : 150[mm] 75 RPM : 1230[RPM] - Tip clearance
. . 5 : .
75 RPM : 2500[RPM] S RPM : 2300[RPM] -5 RPM : 2400[RPM] 5 RPM : 1700[RPM] TS RPM: 1200[RPM] Blade Number : 3[EA] Fan Diameter : 140[mm] S RPM: 1100[RPM]
Fan Diameter : 110[mm] Fan Diameter : 100[mm] Fan Diameter : 110[mm] Fan Diameter : 140[mm] Fan Diameter : 150[mm]  BuPN =1 Blade Number : 9[EA] Fan Diameter : 146->140[mm]
Blade Number : 10[EA] lade Number : 7[EA] Blade Number : 10[EA] Blade Number : 3[EA] comp— & 8.3%, =5 2dBA7| Blade Number : S[EA]

B Blade Number : 9[EA, 1 a1, Oapad
Q‘ﬂ”g"“igg’”‘"“ / erguiggng / ?Hﬂ*té‘:é%’i%s.sdmﬂﬁ/ NS o . 2amA K2 N\ peen st e )\ gomp-5 sl /) \ﬂgﬁ%ﬁff;;:ﬂ';ﬁn/ I B2 1, S Ra7w 7/
£ KU 28 5. z

N Axial Fan \ / Forward Centrifugal Fan \ / Axial Fan \ / \ / Mixed Flow F \ i i
( Backward Centrifugal fan \ ( et ord Centrugs iasnbivi PAxial Fan ixed Flow Fan Axial Fan Bakcward Centrifugal Fan

7T ICE-FAN 2 AT § Il TP B AR ofojzd R ST e YA
N = S Al . =
) =» O Ly~ VR =2 : : Ak { '
y S - & , o = &L & < = (S
4 7H-4Q1X} : Inlet & Outlet angle 7H Hﬂxh‘:'":'“:'r shape 7H44QIXL : Pitch angle _— = )4 QIX} : Airfoil Design 741X} : Inlet & Outlet angle
Blade number itch anfgle Solidity ZH A O1K] N Backplate Diameter
& : Ori : Blade angle Stacking Angle
) 44Q1X} : Duct H 4t 441X} : Orifice shape Duct optimization S RPM : 800[RPM] 75 RPM : 1040[RPM] T4 21 &t ! gl - 215 RPM: 200(RPM Number of Blades
75 RPM : 1900[RPM S RPM : 800[RPM] i " Splitter optimization = :800[RPM]
= : [ 1 S F : Cut-off optimization Fan Diameter : 370[mm] Fan Diameter: 146[mm] .5 RPM : 84000[RPM] Fan Diameter : 370[mm] -5 RPM : 960[RPM]
Fan Diameter : 110[mm] Fan Diameter : 400[mm] 7.5 RPM: 1800[RPM] Blade Number : 3[EA] Blade Number : 3[EA] S F : Slade Numbar + 3[EA] Fan Diameter ; 140{mm]
Main Blade Number : 10[EA] Blade Number : 3[EA] Fan I 194 A G S 15.5% 7 7 A Fan Dismeter : 37[mm] A e ” Blade Number : S[EA]
AR RS 2.1% M zn Diameter : 194{mm] Blade Number : S[EA] A SF S 3.6% 70

Sub Blade Number : S5[EA] 45 1.5dBA X Z Winglet blade fan : 52 6.5% 7] 41 FHAALSE S ap s 74
Blade Number : 20[EA = = ingletblade fan : 7r'=°6. = =5 Py 7t N A : G285 10.6% 71

AR A S 250 7 M 48 2.8dBA K| Z ade Number : 20[EA] 2H|HE 15.5% 7§ M Notip blade fan : 82 10.5% 71 4 AR 52 6.5% 7l S 1.5dBA X2 SO 220 8 2.5d8A K 2t
i Areh: R FE S 4.4% 71 == o = otip bla P - = ZH|E = 17.0% 7] o AT 52, 7]

( Forward Centrifugal Fan \ ( Forward Centrifugal Fan \ Backward Centrifugal Fan Forward Centrifugal Fan Mixed Flow Fan Mixed Flow Fan Centrifugal Fan

Az 7| ol AT HEZ AL SED HT| e g AT ZAE7| Al Hg orz 7| o=y AT 7] pEa HEF| 24T
TP =l a2l s ==
LS (7=
- - 7 (BN
e N e i ' £ L3 : &=
ren = Moy 11 Moy L [ - . T -«
—
7§44 Q1X} : Inlet & Outlet angle ZH 4 QIX}: Hub Slot 7|44 91X} : Inlet & Outlet angle é ~ N> T4 QUK : SPAN O & 100
Scroll Housing ‘S RPM : Max 6000[RPM] Splitter & Camber direction : » Inlet & Outlet angle
Number of Blades Fan Diameter : 66.8[mm] S RPM : 1072 ~ 1990[RPM] . C s UM Hs DALS QT Yt T-5 RPM : 3200[RPM] 30 =Xl 7182 AT HIE TS
[ 2
"5 RPM : 2500[RPM] Blade Number : 63[EA] Fan Diameter : 110[mm] K] 718 SIS G SSHE SEAFS 271 Y Fan Diameter : 58[mm)] S HET| AT TE L 4D M
i . IMAFE: 2 ozt TA 7E AR A EHg e Y2 s " =l Hux
Fan Diameter : 160[mm] A &5 1.8dBAN Y Blade Number : 10[EA] =8 1M £5/9% 48 §|Al 3DCFDDBE S%t3pRrROM 72t 9! Blade Number : 7[EA] 2D $A|514d 7| A TS =
Blade Number : 38[EA] Y 2Z0M FFES 2.1% M FHMALE: QS 10.6% 71 A ;I‘;’H:‘ Trefmme e F2ES TR AL BEES 200 P
HMANE: R F PSS 2% 71 ) \ / SY QA 28 1.3dBAK| Z = EU FYM 22 3dBAF T

fer PUSAN N
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Agency for Defense Development
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KIER o« _
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KOREA RESEARCH INSTITUTE OF SHIPS & OCEAN ENGINEERING

e 3 H D A (") DONGJIN

KATECH #3xt5ite2 HEAVY INDUSTRIES  \.)

j . PUSAN N
S NATIONAL UNIVERSITY 14 /13 A=



Applied Mechanical Acoustics & Noise Control Lab.

goa g+ 23 gH

® Anechoic chamber

IS
< .

D cihe . AMCA210-07, ANSI/ASHRAE51-07
R xx O at/orgq I:HO|-
« ALLH - —|O1To/|=|—| 0Tl
= ;: ; ‘612 >:<4r6T]mxx2475r?r§|:|}|) 0.016 ~ 9.46 [CMM] / -750 ~ 750 [Pa]
=TI T - =X HMH : 600(W)*600(D)*1500(L) [mm]
«  Type : semi-anechoic room . oz =El L=

*  Cut-off frequency : 125Hz ®9.25, 12.7, 25.4, 40.46, 63.5 [mm]

fpagt, PUSAN =
NATIONAL UNIVERSITY 15/ 13 AL
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goa g+ 23 gH

® Fan Performance Tester (SLCHY ™))

HE 4 AMCA 210, 1SO 5821
ZE Y Y 0.13 — 100 [CMM]
53 98 g9 0-1050 [Pa]
NEZEL = 1,400 (W) x 1,400 (D) x 3,457 (L) [mm]
RYSZEEF [
Al B E Supply mode

\ PUSAN AVANC
9 NATIONAL UNIVERSITY 16 /13
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- HMEI M5 AIEY]
— Centrifugal Pump

1990 O| $UE1800mm & SN

Performance Tester

50-5 [——

16-8

fhasn PUSAN
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gote g+t oy S|

o HIALTK|(2), T E5HLUTK] (2),

PC Cluster (20) OS RedHat Linux Enterprise Advanced Server Linux release 7.1.1503

Intel® Core™ Xeon(R) E5-2660 2.60GHz

® Simulation tool: Processor
. = Intel® Core™ X R)_E5-2690 2.60GH
Ansys Enterprise(Fluent, CFX &), ntel® Core™ Xeon(R). ‘
Siemens(StarCCM+, Simcenter 3D &) No. of cores | 252

Memory 264 GB

SIEMENS

Storage 14 TB

OS RedHat Linux Enterprise Advanced Server Linux release 7.1.1503

Intel® Core™ Xeon(R) _Silver 4210R 2.60GHz

Processor Intel® Core™ Xeon(R)_Gold 6240 2.60GHz
Intel® Core™ Xeon(R) _GoldR 6240 2.60GHz

Intel® Core™ Xeon(R) GoldY 6336 2.60GHz

No. of cores | 636

Memory 792 GB

Storage 50 TB

nL-;’r’ PUSAN \MANCI
S8 NATIONAL UNIVERSITY 18 /13 -
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THANK YOU



