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This study is to numerically investigate the Aero-Acoustics of Turbocharger compressor. The turbocharger compressor is
high-speed turbomachinery that rotates faster than 200,000 RPM. The Aero-Acoustics with five different rotational speeds
(120,000, 150,000, 180,000, 200,000, and 220,000 RPM) is used herein. The fluid domain is designed by CATIA V5R21
and analyzed by ANSYS FLUENT V19.1 with compressible momentum equation. The Pressure-velocity coupling method of
the solver is the coupled algorithm and calculated by a pressure-based method. Numerical analysis of the aero-acoustics
by broadband noise sources model provides calculated sound-source and acoustic-level based on steady RANS. At the
industrial site, it is important to quickly analyze the noise source. APL (Acoustic Power Level) with five different rotational
speeds and sound characteristics based on flow factor at the compressor wheel was numerically calculated for the noise-
based design. The maximum APL is located at blade tips in case of 120,000, 150,000 and 180,000 RPM. In the case of
200,000 RPM, the maximum APL is located at splitter tips. At more than 220,000 RPM, the maximum APL is located at
the balancing cutting section of the wheel. In order to optimally design the high-speed turbomachinery, cutting sections and
side locations of the wheel are essential factors to reduce physical noise.
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(b) Compressor wheel

Fig. 1 3D Scanning geometries of turbocharger compressor housing
and wheel (Imported by CATIA V5R21)

ox [lo
N
Jid
Q
2
U%».
\l_-ﬂj r
2
2
)
rr

u

05m, 975 08me AT P70 A9 08 m ofstolA
T eHgAQl A dlolE FER AXFEA, 72 e} v
A8 ZHRUE o8 5 RS 08m= 93|
agslgh. 454 A-EF Bl B4 Sl CATIA
VSR21E Bt 95719 AT BRFe 1009 AR
7%, &7 WIS XEo7 A5 AHAsle] ANSYS Design
Modeler V19.1 Geometry2 354 LEM QAL

2.1 2} MM

75 3y

3 1%7] %

EREECEEE

o ALg3 4 glrt. w3k u) A B3t Al (Propagation)E T

912 HsHolry. whA]
X

o

A

o)
s

i

i

N

N

3

A

u)

. o
o -+
N

it

%4

1%

re

-0, il
o

o2

] ﬂl1°|J

N orlo o

=
o
o

we] B4k o] wgke WElS ARalA ekol] ujEe] Y
= o] Ho] 7Pt 2 Je mAL o= |
(Blade Tip)S 713208 6.423 o]5}9] ZHe 9|51, 31241}
o] Gake wejsto] AZtARe} A AE g Eatsl]
g5tk ARE ARl sl B 93] WEkE v 4
A olze PAE Aty 00 olste] AxE Asia
S w0l WAl Akto] AR SwEA ekgton,
600817} Tjke] Aol A ARjo] Tt o Ews} ul$- gttt
15008702} 2,40097)0] ARfE 49 HREES Foalo] Ak
slon, 717} 12, 3.25%2] APL 2317} Walst ). ) A1zt



December 2020 / 899

%

v
o

S
(=]

-

w
o

Acoustic power level [dB]
N
o

=
o

701,455 5,136,491 5,939,246 6,184,048 15,558,083 24,510,063

Elements of whole fluid domain
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Table 1 Boundary conditions and design properties for numerical
simulation of turbocharger compressor

Density [kg/m’] Ideal-gas
Specific heat [J/kg K] 1006.43
Fluid Thermal conductivity 0.0242
. [W/mK]
properties
Viscosity [kg/m-s] 1.7894 x 107
Molecular weight
[kekmol] 28.966
Turbulence model k- Shear stress transport
Pressure [Pa] 101,325
Inlet
Temperature [K] 300
Outlet (Mass flow rate) [kg/s]
120,000 150,000 180,000 200,000 220,000
RPM RPM RPM RPM RPM
0.06381 0.07826 0.08789 0.09270 0.09632

skolem, "ol 3 &F& #ASH] fI8l MRF (Multiple
Reference Frame) 71H-& AF8-3te] GAI7 Sdsl= a95 2
ofs}it.
W e Hy Ao A e A

Pl (Fully-Developed) &8l A= ol ek
Q== 7191, k- SST (Shear Stress Transport) -
ARESEGITE SST W REle: k-o RES 7j4S HE=2
AAoR RO UR AReE UL Ak
oItk koo SST W HLL HE7|4] AFo] F2 At
u, Sk RS o] A7l Stk S50l B8 A
ZA3 4412 B4R HEE Table 12 A 2|53t}

/Rol—

b &
b ooe

Rl

T

= 3
5)

e

HoCop® pe
e I
@

nw

2.3 Broadband Noise Source $=x[5{Ad
A A4S TA] Fubg P9l 20 Hz-20 kHZ ¢

| 93|t} o] AR 97te] &

Pdatas HYjolot. web Feade TEF

“H(Unsteady) $-5-& CHEul, CFDE 2-g3t0] 9]

>
Lo

o b
oo
Iz

N
o L2
o E odo oX oE

oft
ol
=2
u)
o
b
2o
o
o
=)
[l
o
o
>
o)
ol
——
o
m I
op
ol
ol
a
P o2
go 12
~
>,

c

o
o

%
r-lqu

o I WE %

(Segregated Source-Propagation Methods, SSPM)2 &

SHAEE 4ke) BRelA AR 280 7 U
Hrol= ga83o7 A2 (Noise Source)S Tfelsled, &
2sdol wE gl &30 2719 §A4S wWEA
e o] S8 uj7} Stk wheba] & AtolA= AIEA
DA AFE510] Steady RANSS] B §580] 7|21

3FaFAH(Acoustic Radiation)S B7}5H= ANSYS FLUENTA}
9] Broadband Noise Source Model2 A}8-3lo] Acoustic Power
Level(o]3}t APL)Z Al4FsHATE.

APLE 2219 s Uss Sl S¥=gS 21

ofs
oy
~
HE o5

do i



900 / December 2020

TERE L Zolrh. APLE A(3)a} Zo] yephd 4= glow,
SHFEYE A9 Lol S HAHR R Aot
APL = 101og10(§0)d3 3)
P=Al=| Idd )
A

o714, P: Sound Power (Acoustic Power) [W], P;: Reference
Sound Power [W], 4: Area [m?], I: Sound Intensity [W/m?]

Song'o| A ArHE E]RAA =7] Bo] 5717 3|He| uf
& B8] fIsto] ZF -9 APLS Al4ksES

Fo g gfjA o] AlglAdE =ol7] 18l KISTIoA
H]*o} Intel Xeon Phi 7250(KNL) 22 6830] 16 GB*6,
6Ch per CPUS| A5& 714 41 HAFEHE AMRSIYTH AL
CFD-Code?] ANSYS FLUENT VI19.12 $E8|4e 28 3
FLUENTZ®] Broadband Noise Source Model2 AF8-5fe] APLS
Alxkstiet.

@

#n o o
2 AolA= AlFA] AHAIE 53l Steady RANSO] 3
w3 f5 3o 71zt SFYALE H7IeR= BNS Model A
& AAL 3F4ATt. Sharland'®e] ¢1te] olaly &
He| g Zé Faol A 22gE UEllle olitaes
(Discrete Noise)} #|5=ufo]l 4] dig=ufo]] AAZ &Zo = Lhet
U+ 49 43(Broadband Noise)Z FLEEITH AFY AR &
Zagt v-§-2 SHlshA] dal, A A AE A5

e Meshs Ao] Fastch AEAA TACIA Thegh 44)
3 %3 dlofg] Wlo|A8 gt AU g FHIE A
g5}, oful A TACIA Steady RANS e 53] $14
429 BES Mt Jlo] Frh o F ALMAA GACNN &
PP ST B B PN B AFS B

Homx
o
fo
4
dt
o
u
os]
Z
w2

=7} o e o
ol BNS Modelg: B--0te] 3127] Hls] s741s) 47 3
7142(120,000, 150,000, 180,000, 200,000 & 220,000 RPM)°]
Gtk 422 Bk

1 2t=7]| 29| Broadband 22 54
Flgs 3(a) FE 3(ey= HEAA qF7] B 744 HA| 3
Ao ik APLE =248kt 9F5719] 2F 3742 4571 2
= UFEIF)ONA = FAolm, 220,000 RPMSI Fig. 3(e)2] 7
S 571 AY AGYFIE g0 nA = S A5 flst
of ufjde] et APLE YRl Sict.
2| #3421 120,000 RPMS Fig. 3(a)= EA]5}51aL, Edo]

9] AFELO|A 154.06 B 2|t APLo] AAF=E]QIc). 150,000 RPM
7} 180,000 RPM 25 120,000 RPMY} =31 Fd7)9] 2k
of| A Z+z+ 158.77, 183.45 dB= Z|tJ] APLo| A=l o, Figs.
3(b)2} 3(c)oll A EAIBHATE. 200,000 RPMS- Fig. 3(d)& =25}
Qon], o)A 440} ThA| Hads) Beiol 18349 dBR
2|t APLo] A= QITt. )3 A=l 220,000 RPMT} 1 0]A}
o] Srol At Fu7fe B hzt obd ARl 189.52dB
2 | APLe] AXTEIE, 1 9HE Fig 3@= UERiS
7t 5440 ojst o) APLS F4lom RAISIAC) 180,000
RPM ofsfol s Zxdvlo] Zerolx] ) APLo| Wi,
200,000 RPMoﬂ/\ﬂ—‘: EE_‘/WHE] Tetof A 220,000 RPM ©]A)
o] A Eo A WAY AW O £go| 7Py A WAIs

R P o it
oF=7] Ho] o 422 Blade Tipo|A5E Splitter Tip2 #
A, WA AR Hel sh el 2 Were s ke
AR BRI 5= Aok weha] Ago] bkl w2t Wiy A
soll g A AL daEolor e o 4 ook wat
7 ko mie 7 wrapia 2o APLY] 91317} 2ol o

2 gAle] Sl 23 BelE Q%) Be| & w2y

ARoIN 4280 Aol FA, & Ago] WATHE AL

: A4 A57] 2ol v Rear)ol A B4
> |

PO

r
N ooft o

o

qF

N

O
]

o 2
_C{)L
38
i

1
H 3o

4

Flg 3(e)i =A}deh

3.2 SH0|= ool 2fet A5 B

Figs. 3(a) 8 3(e)ollA d=71 Eo 5714 A 2d4 =2
Eflo]le AR w4 QA|o|A 2719 ¥F 45 EEE g
QI8F 4= Qitt. YIS AHTFo| 7P T==3E 220,000 RPM 1=
7] &e] APLE Fig. 4(a)oll =4J3}9aL, o]i= Fig. 4(b)llA 1}
Pl opeFarol A o) X[k H|SRjt 25 HAlth i
Song'9] AoflA Felat AL |
shfolth. A5 H|S3E B2 AFS Kol s 719
HE LA EY
Qlck =71 "ol AT wf Edo]
Toriﬂgl 7t ASHAIRE, Selol= *J?Oﬂ/ﬂ% d=7] d+=

A== Y717 2ol Sdesor Wtk 5
I FESHE AR AR o] AN FaHoR
o7l gk @S ERIE = o Edlo|E AR FA

EeRolA 7bY W

& Fig SoI4] SpER ol SEMER EASEt. F 1Yol
2 2 gizo] Helo|mo] AL fAle] S7k 71 WE 91X
L oohlXu $F AYOR A8 g 2 ket wFoR



THUISEX| M 37 M125

o

December 2020 /901

Acoustic Power Level Db
Contour 1

1.548e+02
1.455e+02
1.362e+02
1.269e+02
1.176e+02
1.082e+02
9.891e+01
8.960e+01
8.028e+01

7.096e+01
6.164e+01
5.232e+01
4.301e+01
3.369e+01
2.437e+01
1.505e+01
5.735e+00

(a) 120,000 RPM

Acoustic Power Level Db
Contour 1

1.770e+02
1.673e+02
1.577e+02
1.480e+02
1.383e+02
1.286e+02
1.190e+02
1.093e+02
9.962e+01

8.995e+01
8.027e+01
7.060e+01
6.093e+01
5.126e+01
4.158e+01
3.191e+01
2.224e+01

(c) 180,000 RPM

Acoustic Power Level Db
Contour 1

1.834e+02
1.742e+02
1.650e+02
1.558e+02
1.466e+02
1.374e+02
1.281e+02
1.189e+02
1.097e+02
1.005e+02
9.133e+01
8.212e+01
7.291e+01
6.371e+01
5.450e+01
4.529e+01
3.609e+01

< Top view >

Acoustic Power Level Db
Contour 1

Acoustic Power Level Db
Contour 1

1.800e+02
1.688e+02
1.575e+02
1.463e+02
1.350e+02
1.238e+02
1.125e+02
1.013e+02
9.002e+01
7.876e+01
6.751e+01
5.626e+01
4.501e+01
3.376e+01
2.250e+01
1.125e+01
0.000e+00

(b) 150,000 RPM

1.771e+02
1.674e+02
1.578e+02
1.481e+02
1.385e+02
1.289e+02
1.192e+02
1.096e+02
9.994e+01
9.030e+01
8.066e+01
7.102e+01
6.138e+01
5.174e+01
4.210e+01
3.246e+01
2.282e+01

(d) 200,000 RPM

< Rear view >

(e) 220,000 RPM

Fig. 3 Acoustic Power Level contours at five different rotational speeds of compressor wheel
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(a) APL contours (b) Vorticity contours

Fig. 4 APL and Vorticity contours of turbocharger compressor wheel
at 220,000 RPM

Fig. 5 Vorticity contours and velocity vectors of turbocharger
compressor wheel at 220,000 RPM
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Table 2 Local five positions at turbocharger compressor and wheel

X- Y- Z-
Positions Positions Positions
[mm)] [mm)] [mm)]
Blade tip 10.322 4.060 -2.238
Splitter tip 8.009 -7.605 -7.540
Balancing 15.656 10.064 -16.06
cutting
Inlet 0 0 800
Outlet 544 40 -5.5
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o 170 ; / o / I —1
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Fig. 6 Acoustic power level vs. Revolutions at various local positions
of turbocharger compressor wheel
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