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Abstract : In this study, cordierite, silicon carbide, and STS 310s were applied to GPF to numerically analyze the effects of
the porosity and pore size of metal GPF, which decrease due to thermal expansion at high temperature, on filtration and
regeneration performance. For the filter, the segment size of the glue zone and the CPSI of the fluid zone were set to 200
CPSI(20 mm (H) x 20 mm (W)). The microstructure of the porous medium is a cube with a side length of 82.5 um and has
uniformly arranged pores 20 pm in diameter. The flow rate of the exhaust gas was 0.00695 kg/s, and temperature was applied
from 500 K to 1000 K. Results showed the deposition rate of STS 310s was up to 5.645 g/h and the trap efficiency was up to
11.75 % lower than ceramic materials. However, STS 310s had great advantages in terms of increased capture rate due to
pore shrinkage at high temperatures and durability against thermal shock.

Key words : Gasoline particulate filter(7}< 1 1A} & E]), Particulate matter( A= 2), PM deposition rate(PM 5]

£), PM regeneration rate(PM 7] 2 &), Porous media(t}3- 2 vj Al))

Nomenclature @), :calorific value in soot combustion reaction, J
feh fihe exh " R, :reaction rate of soot during regeneration
c : specific heat capacity of the exhaust gas, J/kg « K
P P P i v o £25, 5 g T  :temperature of the exhaust gas, K
D, : components effective mass diffusivity, m“/s .
s T, :temperature of the soot particles, K
F_ :mass forces acting on the microelement in
@ & T, :temperature of the filter, K
X-direction, N o
> t : unit time, h
F, :mass forces acting on the microelement in - .
y o uw : flow velocity of exhaust, m/s
Y-direction, N u, :velocity components in X-direction, m/s
F,  :mass forces acting on the microelement in u,  : velocity components in Y-direction, m/s
Z-direction, N u, : velocity components in Z-direction, m/s
h,  :heat transfer coefficient of the exhaust gas and the W, : formation efficiency of component s
. 2 .
soot particles, W/m"™ - K Y, :exhaust components mass percentage, %o
h;  :heat transfer coefficient of the exhaust gas and the A :thermal conductivity of the exhaust gas, W/m * K
. 2 . .
filter material, W/m~ - K u  : dynamic viscosity, Pa * s
m, :soot content in the filter, kg p  :density of exhaust gas, kg/m3
“Corresponding author, E-mail: hksuh@kongju.ac.kr
I'his is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http:/creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium provided the original work is properly cited.

743


https://crossmark.crossref.org/dialog/?doi=10.7467/KSAE.2022.30.9.743&domain=http://journal.ksae.org/&uri_scheme=http:&cm_version=v1.5

1. M2

S 7}18}= PM(Particulate matter)2] W]
AAA o= AAZPM wlil=E 1A

= %

=do= Qs A
= 489

]

gkxo] PMS Al 1.86 mgkm= A|3Hal9) o, Hw) o]
LEV I 7742 20171391 1.86 mg/km<] PM A| &3} 2025
WHE PMS 0.62 mgkm= A|§He o Holrh) f3 3}
2] 749 <R oA BjEE = PN(Particle number)2
Algkal= A o] Ald) Folth ti3E A 0.2 -5 2] EURO
6 T2 GDI(Gasoline direct injection) 7l ts}od
4.47 mghkme] JAF A=F A$H} 6x10" #kme] PN A g
S Al Folth? o] g sk PM vl & Al 2 Q18] tiF-E
9] GDI ¢171-& #-8-3F x}=Foll = GPF(Gasoline particulate
filter)©] “g=}Fo] arei ] a1 vt
=9 P Anpids HHoR )
712 PFI(Port fuel injection) <1710l H]
Alo)7} 7Vsetal, ol & S5 e S 23
Ax7F 7Fee o] k) 1evk GDI S
CI(Compression ignition) N7} A~ "#2lo] FAlsle]
Ax Al FAEE 1AL 7FAE QA8 sootT} 22 A}
FEA ] e 2 wlEE & Al E 7T
ol& 3ldsl7] 213l CI Il ol| 4= DPF(Diesel particulate
filter)E #-8-3to] PM WlES 34 o= A7HAIA $k
t}Y DPF&= PMS A 78k F3 2] 7]&2A] wj7]gkel
Fotol] F2E o] PMS 25 L AAE THEIL o]
gk DPFE GDI lxlol 2-8-5}7] 915te] GPF “d=]ol| th
gk A7 Es) 118 o)t
A=A o] AFE 919 GPF= EW ol g A
A, 2 ek, B2l L A Aol A3k Al E AR
sle] Atz ojof etk 7]E2] Ceramic A1 -2 GDI <l
719] e 2o o3l §-§(Melting) /o] A5,
Ceramic A|5.2] SH-2 A wmgof o g L] UjojF-o] &
=Xzl o &l ukE(Crack)©] A shE EAIH S 7HA
a1 ek ofol] whE} 7]E2] Ceramic Aol i EA1S
N8k A} Metal Al 5.9 28 tgk A7 218 Fo)
o} Metal A} & o] 285 HFE| = Ceramic A Z.0l B]3] <1
ol F A=E AR Wizl A3l Zekar v+
o] FdHTh L3 Metal A2 9] 52 A L=ER Q3
PM] A Aol H Q3 -2 1ol w2 A s A A3
o] ZHadh= g3l el Atk o] 218k Metal GPF= 352 1
717k SR QIS 185 AAAA oS T, 5
T WS 7HtkE 215 Allansson 59 A=
53l YZ= Ak E3k, Sohrabiasl 5?2 DPF 23S &
3l =2 TAF HEelA YA ARl Metal foamS A}

R
L

744  HAIASAHBAE =22 A30H A9B, 2022

8311 Diesel 5 =X #o]}e] FE 28-S A
o, Ax o] ARSI o] F7fstel| whet A9
g 2 agsl E4Jo] Wate] IH Cell# whyb=
WalA =11, 1 A} Sootd} M 717k~ 2 ARS] £
o] F Y #dsA FAHETE AL dFsksinh 218y,
Ceramic GPFel| B3l &%= ®is}e] 71716k Metal GPF+= &
sl W& o] S7FshH, Y GDI Al 2] =2 vl 7] 7k~
22 213} GPFoA] Soot cake 2] /g0l o# Y o
T} F&0] W& Depth layerol| A o] 77} @Al sl TAd o]
AT FE3F Metal foam LE = & 7|8 A7) 2 Q18] ot
& Z}¢k(Differential pressure)Z=710l 4 & -g-o] 7}&35}A]
9k, Ceramic 2 E o] ¥]3] A=A AF7} 57] wiitol] a2
ol 5] 718 Z17]9] FEATFo] F7lete] wig- & o3 &
5 Hol= v o] JrEo

wpa], Bl =8 2o I o 7 os) 7
Z2~3}= Metal GPF2] 3= & (Porosity)Z} 713 =.7](Pore
size)7} o] 37 2 A sl A= FEFE A ekt
Cordierite, Silicon Carbide, STS 310s= GPFol| %]-8-3}¢]
T2 A2 ATE &SI Aol W GPFe| PM
o3} A& gR1sl7] 213l PM Z3E E5/J(PM deposition
rate characteristics)= &= &(Porosity)?} 713 #|E(Pore
size)®] W35 Faf A8kl o, PM A E 54(PM
regeneration rate characteristics)2 4% W3
(Pressure distribution characteristics)¥ =% -3
(Temperature distribution characteristics)2] 3
&} Ceramic ) Metal A& 2] GPF 4 5-& H]

SRR STh

2. 254
2.1 2|6HA 2
2.1.1 GPF 35lij 2
B ATl 28w GPF Fig. 13}3¥0] 71&¢] &
F& 7o w7 7kA7E F9IERE /1T (nlet), PMO]
o3 2 A E = IH, PMo] o ahe w777t v
= &7 (Outlet) = T4 3 TH

[e)
E‘—:i:]'_'\___‘

Qutlet

“Glueing

Test GPF zone. W

—

Inlet
Fluid
zone

_— £ GPF (b) Structure of filter cross
(&) Structure 0 section

Fig. 1 Schematics and geometrical shape of test GPF
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Table 1 Specifications of test GPF

Contents Specification
Diameter (mm) 140
GPF
Length (mm) 180
. Diameter (mm) 70
Pipe
Length (mm) 200
Segment hight (mm) 20
Gluei
uemne Segment width (mm) 20
zone
Glueing zone thickness (mm) 2
Fluid zone Cell density (CPSI) 200
Effective filtration area (mm?) 12,660
Number of mesh (EA) 203,520
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Fig. 2 Microstructure of porous media
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Table 2 Physical properties of GPF materials

Material Cordierite | Silicon carbide | STS 310s
Density (kg/m’) 2,100 3,240 8,000
Specific heat (J/kg - K) 900 1,120 500
The | conductivi
ermal conductivity 7 18 142
(W/m - K)
Coefficient of thermal | ¢ (56 | 36x100 | 1.67x10°
expansion (K™)
Young’s modulus (GPa) 125 345 200
Poisson ratio (-) 0.26 0.25 0.27
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Fig. 4 Total deformation results of porous media according
to materials (@ 900 K)
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GPF C+33 DjA 2420 e oyt A Y H& Hu &4

o] Ay Wt 2% L3l A Cordierite®] &%= 0]
Silicon carbideQ} STS 310s°l v]&f w2 7S ghele 5=
It} w3l Fig, 8(b)2] 2% © ¥ E 53| Cordierite2] &
E7F o2 T A vlE) w2 A st deE e A
& Bolst = 9l om] BE A Ao A fo] e el 9]
ool o) uia) W Qo] Aot 2
g3t 5= Q). ©]= Cordierite®] E-8F7 @A=S 4
o] Silicon carbide®} STS 310s°l] H]3 uf-¢- w17] ufjFo]
W, =2 GE8FS 2= Q5T 25 A B2 Eolly
A& QR 7] wlitd W 2= AYE Hol= Ao
= g
e )% rEee] A Fig 9@F B SHla
S ogrk wE R gEges ool Jdgom
Cordierite, STS 310s, Silicon carbide®] =4 = o™,
# 2 Jelzel SALE A9e war) 2oy, ex
2.1 P R H
Cordierite|  pjax. difference of
. — SiC i pressure drop
S ——STS310s | = n 858 kPa (@ 801s
X :
B 15) Averaged-fference of ... sl
e pr&ssuredmp
- Cordierite » STS 3105
g = 0.422 kPa ;
3 STS 310s ¢ Silicon carb\de
£ 09l =00 kPa
S
E
E . .
0.3 i X i ;
0 200 400 600 800
Time (s)
(a) Filter pressure drop
10210
Absolute pressure (kPa) 10189
T 10 300 600 900 101.68
—— 101.47
Cordierite = 101.26
E— 101.08
S TE 100.84
10063
10042
Sm) 10021
100.00

1 1
Filter length (mm) Filter length (mm) Filter length (mm)

(b) Filter pressure distribution

Fig. 9 The effect of GPF material on the filter temperature
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