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Three-Dimensional Fluid Flow Analysis of Photoacoustic Spectroscopy
Cell for Measurement of Automotive Exhaust Gas
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Abstract : Recently, environmental damage to urban area becomes serious problem due to the exhaust emissions by
increasing the number of vehicle. Especially, exhaust emission from diesel vehicles are known to be harmful to human
health and environment. Photoacoustic Spectroscopy system is very useful technology for simultaneous and continuous
measurement of the various components of the automotive exhaust gas. In this study, in order to reduce emission gases
from automobile, we tried to develop the measurement system of Photoacoustic Spectroscopy. To improve performance
of high sensitive Photoacoustic Spectroscopy system for automotive exhaust emissions, the shape of Photoacoustic
Spectroscopy cell was optimized to use the flow analysis. And Exhaust emission data of the 1,500cc gasoline engine
was fixed the working fluid. The characteristics of fluid flow for cell were analyzed by various conditions in detail.

Key words : Photoacoustic spectroscopy cell(34-2 &F £ 3371), Light source(3-9), Detector (7}X] 71), Reference cell
(#HHH2 Al), Measurement cell(H o] 4 M E Al), Chopper(Z3), Optical filter(33-€M &), Computational fluid
dynamics( 4+ A] & 8F)

Nomenclature Subscipts
V  :velocity, m/s in  :inlet
T : temperature, C surf : surface
h : emissivity LS  :light source
LSE : light source energy, W PAS : photoacoustic spectroscopy
A : area, m’
t : thickness, mm L A& E

o 2
: viscosity, N - s/m’

A 2] 3} == 5 2} 13
A : thermal conductivity, W/m - K dde] R whet 24 A Al A

8= Wl ETta o] FFET glon, o] & Qs
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Fig. 1 Photoacoustic spectroscopy system
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PAS cell & A5 xlol A LA sl= WEIIRE &
A AR o] PR cell HEE E 38l 7= o
A Ao TAFE 7tolth 2B E 2 {-F
A A= 1,500cc 7HE AR AN FEH A
Faste] W7t 54 AE9S % F 7]
A 8= ﬂEMWFfﬂ%4ﬂCH»ﬂﬁ%Mﬂﬂ

3 25 -2 & Table 174 o] A3t

01'6’01]}\'] Fi w4 49 O, 2 HCE A& &
COy, Ny, CO9) g A &3, B A7 A3
AP A ALRE AEFAS A 18k Cp,
Cv, 7, A 52 £4XE polynomial equation® =
TrEo] A&3tA. 3, AARAES AWEd
Table 29} 2T}, e §] 7= Re=2430]H, S14 2 9|
& A A APPSR E g3 2t

« Continuity Equation:

20

at+v (pl)) 0

Table 1 Exhaust gas data of gasoline engine

(M

W &7t 8 k(%)
2500rpm’ CFD
CO; 1.8 13.0
H,0 8.0 -
O, 0.7 -
N2 73.7 81.0
HC 0.4 -
[&0) 54 6.0

LR

Table 2 Boundary condition of PAS

BAEA dH&
Vin 1.348m/sec
Tin 5C
Tout 55°C
hpasce 0.03
LSE: 5W
Atsin 0.00036598m’
hglas 0.9
|t 0.5mm

42 2|5 Photoacoustic Spectroscopy Cell2] 3X}2l RS2 al|4]

« Momentum Conservation Equation:
LoD+ (0 D=—p+7 - (D)+0%
_ @

r=p[(V o+ Vv UT)_% v - Il
p=static pressure, r=stress tensor

o g=gravitational body force

p=molecular viscosity, I =unit tensor

« Energy Conservation Equation:
a -
W(pE)ZV;(U(pE-I-_Z:)) 3)
=V - (( T- U)_Zhj]i)‘f'sh
2
E=n2+%
o 2
hzzl.‘-th;"‘%
T
hi= [, Chdl

o .7
~2g5+ [ CorDER;
T ,.,=298.15K
7, =diffusion flux of species j

h= enthalpy,

Y ;= mass fraction of species j
;= enthalpy of formation of species j

R ;= volumetric rate of creation of species j

PAS Cell®] F=x]38]412 A A<} 7} FAMSIEE
6‘}7] 3} light sourcedl| Al A3} EALol 1]
934 HERE AT E ATl
/‘}%?} E AR dS Discrete Ordinate Radiation
Model*V0]T}. o] R eleo] Exo EREA}7} TH o)
A gHes HEshe TAE AEE 5 o, vt
T vl H&o] My, AitE st wE
Aol ot F, WAL AHEste wiA@ed HEo] 7}
58 DO X 9 ¢} RTE(Radiative Transfer Equation)&
o337} 2

« Radiative Transfer Equation:

v - (17, 9)8)+(at+ o) (7, 3) = (4)
ant L+ % (Y1 )G T Yag
i dr S ’

](—7)’,—.;) =ZIM,(_;’, _\;’)A/{ %
o5 )= 2/8(s- )+
(1-/1+Cs-5)
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7= position vector, s = direction vector

s = scattering direction vector

T=local temperature

o= Stefan-Boltzmann constant(5.672x 10" *W/m’K*)

¢ , = scattering coefficient

I =total radiation intensity

(a+o Js=the optical thickness

o(s - §) = Delta Eddington function

£ = forward scattering factor

&(s - 5') = Dirac delta function

C = asymmetry factor
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Fig. 5 Comparison of the existing and the modified PAS cell

Fig. 6 Mesh generation of the modified PAS cell
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Fig. 7 CFD results of the existing and the modified model-distribution of pressure and temperature
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