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Nomenclature

: Duct half-width (mm)

Duct half-height (mm)

: Pipe diameter (mm)

Hydraulic diameter (4ab/2(a+b) mm)

. Frequency of oscillation

: Gravitation (m/sec?)

. Entrance length (mm)

: Length of test section (mmX<mm)
. Pressure (N/m?)

. Grey level in the 1st frame

. Average Grey level in the 1st frame

. Grey level in the 2ndt frame

. Average grey level in the 2nd frame

. Reynolds number

: Time (sec)

. Velocity components in X, y and z—axis

. Rectangular coordinates of test section

. Flow rate of volume({/s)
. Mass flow rate (m®/s)

. volume (m?)



Greeks

” : Specific weight of air (N/m”)
. Coefficient of viscosity (N-sec/m?)

. Coefficient kinematic viscosity (m%/sec)
: Density (Kg/m®)

: Shearing stress (N/m?)

Subscripts

C, . Critical value

: Value on developing flow

. Value on developed flow

: Cross—sectional mean value
. Fluid particle

: Quasi-steady flow

: Straight duct

. Steady flow

Superscripts and others

: Mean value
A : Quantities in the laplace domain

. Dimensionless quantity



ABSTRACT

An Experimental Study to flow Characteristics Exhaust
Muffler Tail-pipe for Vehicles.

Oh jung kyo
Advisor : Prof. Lee Haeng—nam
Department of Mechanical Engineering

Graduate School of Chosun University

As an interest regarding indoor chastity anger increases greatly nowadays in
case of high—-speed driving as basic design concept to be applied to all
products the comfort result, with a lot of effort to floating interpretation
demand and development inner an exhaust total. The case that the floating
noise by disturbances of fluid occurs in case of high speed driving in case of
mufflers used to a large sedan when the amount of flowing water of large
quantity flows in the muffler inside exists. A case of the floating noise can
return in triumph through detailed consideration regarding a floating chapter.
The exhaust noise contribution is the only under a high main noise circle to
the external radiation noise and the noise inner a cockpit. Data regarding a
muffler design will provide flow resistance improvement and noise reduction of
the pipe which is an edge as I analyze contents I acquire data, and to have
been related to a CFD technique grown up than the existing ways to the
general characteristic and noise regarding corpse fluid regarding to use in
study.

As a result of I changed the angle that I set up a diameter of a harm conduit
line with 45mm and 60mm, and I bent of an each conduit line for finding out a
floating characteristic of Tail-pipe to 70 °, 50 °, 30 °, and having considered
floating characteristic and noise analysis through numerical interpretation, I got

the following conclusion.



(1) The occurrence of slip by corpse viscosity and eddy appeared actively in
sharp formal changes at 70 ° when I tried to confirm a speed vector to occur
according to the angles that I changed of a conduit line.

(2) Sound pressure occurred, but did not it at 50 ° in the latter parts so that
the phenomenon that a corpse flowed backward was conspicuous.

(3) It was with a form to have given the angle that I bent of 50 ° that the
noise occurred lowest according to the angles that trend anger of a noise
occurrence degree appeared equally by the interpretation results of the noise
to occur according to the angles that I changed of a conduit line about time,
all case to have done confirmation, and I bent, and there was confirmation.

(4) 1 showed by the best results when I gave the angle that I tried to delay a
floating characteristic along a form change of Tail pipe by the interpretation
results of a speed and pressure and the noise according to purposes when

comparison tried, and I bent of 50 ° in this study.
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Ztzke] Al e dYstd vha 22 SIMPLE &ate]5e] 2jo] grh
ap="0,d0\z . @,=0,d7 0z . a,=0,d z0x
a,= P ,dAzDy . a,=0,dAxDy . az= D, Dy
ap= art a,t ayt+ a,+ ar+ ap

0 _ AgA A
p= BT EASILITE 150, — (0 a) AByDa+ [(P0),— (0 0), 1050

Az
+[(Pa'),— (P ') JAxDy (2-34)
A7)l A, p= AFAYA(Mass Source)olal, SEFA 2 HAFEAHL 45 0o 7
ook ghrh 1 o= ASUA A S A7) HeElA S B dEsA idE
o] dAstA s HEbIT
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I 2as]de o3 HA

AbE 2kl HA A WE o O Fig~3 2ok oAl dA=o] 2y
2 FYHE a2 dx o, ARGl os) 2kA] B ARA] A|Z=Eo] FXlH
o] MAY = Y Aa(Booming), = ORNE Blolo] Y AVMAE Fall AR
AE+= 259U L2453 (road noise), LEFIA] A FH F7] 550] YEFH
Foto] A= viEvtEs &3¢9 vkgrAae](wind noise), 71o] AIEZE HIEH WF
shaA M2 HY3|= Ag(rattle noise), 7]°] gtie] Fopd uf 7o

meshing frequency &9 A#(whine noise), 2= A=A BFol=a tjAHe} vz

Aol

Zol oja] WA

A9 e o AU

Airborne Noise
Structureborne Noise
Fluidborne Noise

Booming Noise

) Beating Noise

Rumbling Noise

Intake Noise
Exhaust Noise
UHREDS

Rattle Noise Timing Belt Noise
Whine Noise Alternator Noise
Whistle Noise Wind Noise

Flow Noise, etc.

Road Noise, &tc.

173 A (squeal noise), 2 F3YA] L] H-o A 71A] 5

Sjo] 27 W37t M2 2L 1 Lhe 22

Fig. 2.4 242 g WAl s
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3E B fE M

Rl S= 2 AHEX B BN

B oA E= CFD(Computation Fluid Dynamics)i41S o] &350 ®H Yol =
(Tail-pipe)d] Zt=e} AAAVIE Wsl AJA 7PHA Sy, EEXsE v 9 o

T AT

U39 £ 2RO RHE do]Zo] Zhwol AL WMBAF FolE = o] T
Loyl YR Y E At Foj st AlY 7 kA Al FAS ol
ATt

A FAE e ANk At Al A A AN(A R E WAy HEE
Ao fuiE WAASEENE FA e Fot7] fste]l Al rEaiAlel Bol o]l
A= FA A ¥ (Finite Volume Method)S AFS-g 484 3= T2 1A CFXE °]§
sto] FAEA S Fasiolon, Folxl RS frsol tigh Raynolds 79 7)ol
278k G2 7R Aaketh G R R RS k-¢/High Reynolds NumberE %

&stolar, siA dae]Fe SIMPLE si& ARESEITh ALz JadH 24 9
Agy 454 adE FAERoH, A fFAs Frlolw do9ehE SAAE 2k
25CE 7502 UX p= 1.185kg/m*, BT p=1.831x10 °N « s/m*E 34},
B CFD FAsl4ol A A48 Gridis Fig. 3-29F 2ov, zhmel 2 7o) upe} miAl9
AreE 247 =27 dA skl

Table. 3-12 CFD(Computation Fluid Dynamics) &|4ol] 283t sjAdzHdo A ¢
T EFNA Y £59 Gridd ME e

U9 Tabledl A 9f #o] &= AAZ=H(boundary) o & 38l W 2449k 4
e A& skl

casele 7} HHH Tail-pipeE dArst 391, Case2~3S casel2 baseZ 3}

of ZEE 27 50°, 30° WAl mAY g,

case 4~6 & Zt== 2W Fo] Tail-pipeE EAY 31, case 7~12= AFS
60mm= W73l 2dy 3ot

AL st DomainFzAdL YT Inlet 274, 7= Outlet, OpeningxAL F3 o
] MEe Wallz71S Fuh 272107 Hadgto]| o] 27| % 398To|n] FaEx
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A, e 17180l H

Table. 3-1 CFD Condition of Driving Flow

Name |Diameter(mm) Degree_1 Degree_2 V(m/s) | Gird Cound
casel 70° 76.5 123965
case2 50° 113802
cased 30° 99794
D45
cased 70° 28.393° 110620
caseb 50° 25.201° 109965
caseb 30° 14.992° 99493
case’ 70° 233240
case8 50° 231169
case9 30° 209625
60
caselO 70° 35.074° 219254
casell 50° 23.299° 221664
casel?2 30° 14.931° 202000
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(a) case 1

(b) case 2

(c) case 3

ipe(®45)

p

Fig. 3-1 CFD Grid of Tail-
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(d) case 4

(e) case b

S

(f) case 6

ipe (®45, degree changed)

d of Tail-p

i

Fig. 3-2 CFD Gr
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(h) case 8

(i) case 9

ipe (®60)

-b

il

3 CFD Grid of Ta

3_

Fig.
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() case 10

(k) case 11

(D case 12

Fig. 3-4 CFD Grid of Tail-pipe (®60, degree changed)



a3
F2f EREMW
Fig. 3-5% EZd4]o A48 v7|Al =8 dig /fgFeeld, dzla JdAs = )
7] sy Z=, wj7|7tA A A= UCC(Under—floor Catalysmic Converter), A2

AgA QL AE vl Ze ek vl wEdse 74 Holdl

uccC Center Muffler Main Muffler

Fig. 3-5 Exhaust System

Fig. 3-6 GT-Power Tail pipe noise Simulation Model
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Fig. 3-6%= GT-POWERE o]&3to] FAg A" 47]% 7M&d =D Fig,
3-59] AES 7IFow Ay wy|AAE &4 mdo|t)

AR d F EHzel FEQ w7] wiyE=+% GT-Discreizerg ©]-835}o] /\“ﬂ 2d

g o w77t E fRdhe Fdol2eE A4S VsoE EdS FAE%al, o] X
i g dolE AAAEH ZASHA BdEskelth oz, 71, Al E 31 ] Q1w
Y= dMRde] wesE Y AB ofAE B Z ¢ E(Sub-Assembly Tem

plate)& ol 43t Gi(ElemendES 1EH A ArolaRy YEeE: A
SRS SASA gha, Au olgiel Z7te] Relel ois] 54 % W7ol golstn,
W77 A A dlel v Eelo] e mel wAsAle] S8, AA medel veg
wjo] walgol g9l

E/EES B Bole dmsl WYEES A fEes ddstel g F3 1}
Qa1 ekl 9Ae vlo| A Fol EELTE AN @

TEE Y oF

2 AF = Tail-pipedl A WA E = A0S s4stnz 7]E9 A4 o] FHofql

B 3 O

TEE =

Fig. 3-69] E% ]'OX]' U ol A A =]
x|

= E‘ T [€)
oouea g2 s S HduolZ 4 vt mE AsidA s

24 e AN "ol 2o A 23 staat
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F4E SR R FE

>|«E
mza

FlE SEo SHEX Y 25

AN 207 Bt Z(Tail-pipe)sl FEEAE FHH/9s) FERTA o]
gk 2742 45mm$ 60mmE AASIGow Zzte] FEHAE wHd 22 70°, 50°
30°% WA SANNL SRS A4ATe o) 3

A HWgon F 2570 ARsdon], Fd &

=
<&

@ M 49 FEAFS RS 5 AUk
%}\—9.

SITH9] & Table.d-1 3 o] ALEsIGlon, BE o432
73”"&-/] ! % o 3A7]7] 98] Trimmed cell® AASIE 1L, X a|Ao] 254
AAEA 7HE Server Pc (Intel(R) Xeon 3.0Ghz 32GB ram)E A&3fo] 1417 AE=9
AlZkol A0 ¥ o™, Solver Iteration Numbers= YHEWH4E 2003, HUsd=x=4A
1x10 & 7lFo= 74zt 2438
Table. 4-1 Units of Physical Property
Physical Property Unit
Velocity m/s
Pressure Pa
1. £ 8%
Fig. 4-1& "Hdyo]Zo] 7|EgA o] 2z 70°, 50° 30°9 7= WAL Fo sAgh
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76.5 m/se HLEE T uf o]z FIHFE 20mmE
>
O

)
Fig. 4-19 (a) caseld A¢ HuE% 98.92m/s7} JJrO] o] FIFrhEoA] WAYGS
slolgr 4= 9o, Aol REo|A eddy7} 2SS dold 4 9l (b) case 2 =
| SEFx7F A BAsh R dAE Hud ddet SERFEE U
2 Al

AA A &
ElWlS glsk 4= At} (o) case32 AAHoZE HLEFE7E (a)2h(b)o] A v

el dAdow FUs Sy E gl o 4 gtk
Fig. 4-2+% case 1~39] @0l 4L b o & cased~69 &= #WE ol
(d) cased™= casel? Ao 28.393°% g ¢ AL Aoz ()9 HuFYL u

HuLEr= /s2 g @i, TuoA SEEETV} casel Bt £X] &4& AL Fo 1Y
t}. (e) case 59 (f) case 62 HLFHAQ case2 ¢ case3o| B3] FHiEx=+= oF

10m/s o =A YESaL
Fig. 4-3, 4-4 = A7
9t}

Fig 4-3% Fig 4-19 #A49] WgE & FAojnz S 5S vusud 79
Tr/K].b‘]-o 3;]-0 3} z,: olr/}

Case 1~1271A19] AAAQd &£xWE 9 FZEAS B Case 1~33% Case 4~6,
Case 7~93} Case 10~12%= sdgt ool 719 z+s o] AAA 2dd g ],

Sy E= FA vey (e Aakebs AdelskAl dhskd.

60mm WA Fael FEREES] FEHEHS vehin

AR
e 459 Avoz @ dadelzud o HE
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Velocity
(Vector 1)

[m -1

Velocity
(Vector 1)

70

35

[m sn-1)

z

0 0.050 0.100  (m) I '

| Ee— SS—] €
0.025 0.075

(a) casel

NNSYS NNSYS

Velocity
(Vector 1)

106

[m -1

2 2

] 0.050 0.100 (m) ] [] 0.050 0,100 (m) ]

—  — . L —_ E— .
0.025 0.075 0.025 0.075

Y Y

(b) case?2 (c) case3

Fig. 4-1 Mean Velocity Vector of Distribution (case 1~3)
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[m sn-1)
z

L) 0.04 0.080  (m) I '

| Em— S— €
0.02 0.060

b

(d) cased
Velocity Velocity
(Vector 1) (Vector 1)

18 96

[m s*-1]
i 100 (m) o i 100 () 4
(e) case 5 (f) case 6

Fig. 4-2 Mean Velocity Vector of Distribution (case4~6)
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[m -1

0 0.050 0.100  (m)

0.025 0.075

(g) case 7

NNSYS NNSYS

Velocity Velocity
(Vector 1) (Vector 1)

109

0

[m s*-1] [m sn-1]

z z

[ 0.050 0.100 (m) ] 0 0.050 0.100 (m) ]

L —_ E— © | —_ E— ]
0.025 0.075 0.025 0.075

(h) case 8 (i) case 9

Fig. 4-3 Mean Velocity Vector of Distribution (case7~9)
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0

[m sn-1)

0 0.045 0.090  (m)
| Eem—  SS—]
0.0225 0.067

(j) case 10
NNSYS NNSYS

Velocity Velocity
(Vector 1 (Vector 1)

98

[m sn-1]

z z

0 0.050 0.100  (m) I * 0 0.050 0.100 (m) I '

[ Ee—  S— € | Em— S—] €
0.025 0.075 0.025 0.075

(k) case 11 (1) case 12

Fig. 4-4 Mean Velocity Vector of Distribution (casel0~12)
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2. ¢4 EX

Fig 4-5% Case 1~39] CFD3l4] & hEEFRE =Alg ¢k Zlolt)h Fig 4-55 A9
B Aoz E= AR YEr a2 JeEhdth, Solde 7ol Falo] wAlstE |
ol A kol FAsHA Srkebe Sl o ok Hdve]Zo] 54N 5o w

Aol Rl osl mlEe A A Sekar we] FHE hEo] et 2o e
T Atk ol Fig 4-1¢9] SRRy siddaele dAsiy] Sreixs Avny 59
of WSk Stelld S7h 548 ghasta A o @R H4dEs 9 @

A
Fig 4-6< Case 4~69¢ CFDsjx A= olgi

A B Figd-50] nls] gt Exrt dadoz ) Il
Tl zbo] WA= Jro Ao be TUtE el & 4 Y w9 A4S 9 g Fog
A Casel~39l Hl&] 4ol ¥4 &S 20 4 Jor HdAHo=z dvtgh F¥ %
= o]Fa Jup=Zle Fol g 4 U o] EAF Fo] FrtoA] wAlGtE %S B X
Zo A= gde 4 glAAINE o= Fhe] ofgol digk s FalA gl shaixt
ol

t}.
Fig 4-72 Case 7~99 34235 GHEEEE TAg ¢ Fojg, 29SS Asud
wo] WAskE WA o) St FEe A YERTE Case?, Case89 -1

A Tl WA HeIA FEo] T4

Fig 4-82 Case 10~129 CFDa|M A 35 EExE Yepbdl 1ot
Casel0~129 <8R E AuryH tE Cased rlR7IAE Fdlo] HASHE HHo|
Aol ekEo] TS el @ 4 9tk E Case 7~9H.TF H o] EuE FuFoA

o SrEAs @iel WA tehb g B9l @ % ok
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Pressure
(Contour 1)

- 1850
-3044
-a238
-5432 )
-6626 'y
-7820
[Pa]
0 0.050 0.100 (m) r_‘ :
ﬁlZS:_DvO‘/S:' ) .
(a) case 1
NNSYS INNSYS
Pressure Pressure
(Contour 1) (Contour 1)
2187
1476
765

-3501
-4212
-4923
[Pa] [Pa]
0 0.050 0.100 (m) r‘ : 0 0.050 0.100 (m) r‘ :
N —— e | S—  S— .
0.025 0.075 0.025 0.075
' '
(b) case 2 (c) case 3

Fig. 4-5 Pressure of Distribution (case 1~3)



Pressure
(Con

-5371
[Pa
z
0 0.04 0.080 (m) r_'
| EE—  S—] .
0.02 0.060
Y
(d) case 4
Pressure Pressure
(Contour 1) (Contour 1)

2842

1822
1391

960

D - :

[Pa] [Pa]
0 0.050 0.100 (m) r_'z 0 0.050 0.100 (m) r_'z
0.025 0.075 Y ¢ 0.025 0.075 v ¢
(e) case 5 (f) case 6

Fig. 4-6 Pressure of Distribution (case 4~6)
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z

0 0.050 0.100  (m) I '

[ Se— ES—] €
0.025 0.075

(g) case 7

NNSYS INNSYS

Pressure Pressure
(Contour 1) (Contour 1)

2246

1489

-3520 A
-4353
[pal [pal
[ 0.050 0,100 (m) r_‘ . 0 0.050 0.100 (m) r‘ :

(h) case 8 (1) case 9

Fig. 4-7 Pressure of Distribution (case 7~9)
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) 0.045 0.090  (m) l >

| Eemm— ES— .
0.0225 0.067

(G) case 10

NNSYS INNSYS

Pressure Pressure
(Contour 1) (Contour 1)
1727

1232

-~

-5157 3217
[pal [pal

H H

0 0.050 0.100  (m) ] ) 0.050 0.100 (m) ]

[ —__ E— . L —_ E— °
0.025 0.075 0.025 0.075

(k) case 11 (1) case 12

Fig. 4-8 Pressure of Distribution (case 10~12)
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Fig 4-9% ®ldsto]=7F 70°, 50°, 30° Zo] Ad&ujo] Aol dgt &= ExE

Rl e oft

Casel, 2,3 9o %7] £€5+% 76.5 m/sE AAFYGon yojz= do|sko g 257]%

L o] Fakdst AT

Fig 4-9014 Case 1< 1773FellA 7455 Bl 1.84% A9 75.09m/s2 2 A

w7l ygon o % 2077744 98.92m/so A M@ Al F71E HolEt &3

ol e £t 82.84m/sE YFELmwTl oF 8957} st

Case 2& 177Fz7bllA J+&EEw Y 1.93% Astd HAASE 75.02m/so] &7

gkom 217kl Al 98.38m/s®E Al FUHE RHojeEd ETolA9 £

89.24m/s® §JFEERT}E o 28%F7) a9t

Case 32 1777tlA JFEERY 0.9%%5 7k 77.21m/s2] =7 ygkar, 2143k

oAl 81.49m/sE HAPAH JFIE HAFY, EFoNAY FEE 81.36m/sE oF

6.35%%7} 3}l

Fig 4.9% AAA o7 WY caseld HAELE7 17774 HaE%E7F 207710l A

UElston | case29] A= HASETE 1777 A ﬂjicﬂ 2177ko] a1, case39]

B HAAESLEIL 1773, HaEert 21943kl A] dAskal 5o Bojxith 1747k
S0l s

it
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& Wastelzay A D elnw el WEHL FOUE FT T
90w, 20, 2177+ Pdol WEol sk HWA Ausuo) ebds 39 @
F Al

case 1, 2, 35 AN =& A27E HAFE AL &7 £57F 28%57)3F case20. &
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Fig 4-102 2W 79 g2o] gldgfo]=Zo] CFD #l4Axfo up2 Ao g &
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57O s FEstal 7 SEE JTEERE o] FAkels) skl

Cased4= 70°¢9F 28.939°% @4keol ZASleo]l Avh. HA L= 76.65m/s= 1777bol A
skl o, T EEet A FdEgith. Hun: 90.73m/sE 2377kl A UE
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ol wEl 11.6% A LERst
Case6& 30°9F = 4ol Z<lo] ik, HAHEE 70.28m/sE 1773 A w8}
RQar, HagEis 81.84m/sE ETolA Vgt
Fig 4-10% AAH oz B Aol FAsM WA
shlaL, Hdl = 2WA Aol s A ¥
E7} B S g 3 5 AT EFEEE
Lhght,

Fig 4-112 Case 7~99] HdFo|x ilo| thst SEHEE 2573k dia] yeld
ajzolty, P HE JTELERE Yol A
Case7 A& @600 70°% Zo] = FAolty. HAEHw= 70.28m/s &= 1777kl
Al EAEG ow Q&R WY 7.03% WA YERgorH, Hiu&EEE 116m/s®E 207
Zholl Al wrAlEldow QFEEwY 51.6% A YERuTh oA Hre
60.78m/s= Q)& ko] sl 20.54%% A WERRT
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Case9 A& 0609 30°%2 Aol d= FAolgh. HAEEE 76.48 m/s&E 1777+
A Al om igE et 719 dA A HER o, Has ks 81.71m/sE 6.8%
= YERS

Fig 4-11& AAH oz AHHTH Case 72 HASELEI) 17737kl A & A
S 207kl A HASS gl ShQlt). Case82 HAEE7E 1777k
om HiuLe= 217 3oA YEE T CasedT HASEE 17938, HaL
Zholl A UrE]r"“jr 17732 "o oAl A zto] LpEf= Lol E
Q}QUﬂ 20, 213} Fo )\1-/] tﬂEo] o]-xlg.
[e]

o -11'> _>L

l &
Fig 4-12% Case 10~129 rﬂqk CFD 6‘H*47é_ﬂr94 SLEWEE A
I xo|t},
Case 10~12% 7} Case 7~99 @Al A9 zh& s O & WA + zlolth
Case 10€ HAEZ 76.57m/sE 1777t AU, HEEE 83.21m/sE
2477 oA HASIA Y. EFE5EE 80.06m/sE 4.65% 571 sl
Case 112 HAEZHEZE 76.57m/sZ 1773l A HASHS AL, FHH5EE 83.21m/sE
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24730 A BA BT SRS 82.33m/s% 7.6% S7taHolth.

Casel2& HAEE 77.81m/sHE 1777kl A EAI AL, HiEHEE 79.64m/sE 23
TR A TSI =S 79.39m/sE 3.77% 57t aHaltt.

Fig 4-125 AAA oz F¥uy Case 10~1204 = HAALHEF A4 Zho] P4y
= el dAsta Hagms Aol dwbsiAE 23~247 kel LAATE e
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o]A¥ Fig 4.9~125 AA4
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Fig. 4-9 Mean Velocity Vector of Distribution (case 1~3)
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