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Abstract

Pressure drop and fractional collection efficiency of automotive cabin air filters were examined to obtain the

basic data for the development of high performance domestic cabin air filters. Pressure drop of MA-V100 was
higher than that of VF-V100, and it increased with the air flow rate. VF-V100 had longer time to rise the

critical pressure drop than that MA-V 100 had. Total collection efficiency of MA-V100 for initial and dust
loaded conditions was higher than that of VF-V100. Also, fractional collection efficiency of MA—-V 100 for the

fine particles was higher than that of VF-V100. Particle size distribution for the minimum collection efficiency
ranged from 0.02 ym to 0.04 um for MA-V100 and it ranged from 0.01 um to 0.15 um for VF-V100.
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1. M &

AqA Y 431 AAleke] 1993Well= o 3d4w i),
1994\ 0] = 345w =l 19959 64 &4 oF 33 79
T2 d S S oF 5.1% Axelvh &3, u|F
3 AvdelMe dgF S0l oF 8% o A3Ea
ot} (Bergman, 1993). =ie] A% 253} AAkeke]
1992vdol= oF 197419, 1993\defiE= oF 2wk,
1994l = oF 2934 & d BE UM 15.6%
2 uj3, Ave 9 ML s v s (Aky
7125 3], 1995). utelr, #A-Fa} Ak A4H
ol ZUkE Qe xR0 I FH3] GFgse] 7l 9)
= AAolet, &3 S =29 A HA AFA
8.9} Aareke] FbE ol 22 7 ATl w

s of deobgk Aok, o]z Qle] +AA W A A
7ol WX odske] A atA Avke AxlEe] dF B
27} A4 9o} (Tuteja ef al., 1992).
Ei—rﬁﬂ*l A= Wii v"r‘ﬂ!ﬂ” 7] Fel= £
2, Aua, oA 45, el w2 So g
2 F2o oy u]%x} EA3 ozone, benzene,
toluene, hydrogen sulphate, formaldehyde,
ammonia, carbon monoxide, nitrogen monoxide,
nitrogen dioxide, sulfur dioxide %3} 722 3l 7|
A EAo) oafF THE vk AFAAM 2 o
A g A ks FRH wAY dAta2r|E 100
umolA 0.0Lum o}l W2 W& B35 74y 9]0
o, dA gl M sEEHE FEE 1.0 umelA 0.01
um? Witz 93] eAE YAE A v
(Hinds, 1982). Zo|M 7]# (trachea)Alols] 3
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280 wted & . AR - A - AEE - £
% °Jz}ﬂ7]‘ 5.0 um o4t = gAY BAHY TR
Fol R FHe 22 9x) $o2 wazon,
7]-‘&11 (bronchus)® 7]##] A3 (terminal bron-
chiole)H X Ateld|A] JAA7) = 1.0 umoM 5,0 um
Welolm Iz} EAL FRE ARACAM wiEd 9
2, 2mz 9 A9 (soot) Ffelch Hel 71A A&
& Y2 HAX (alveolar sac)dl| H&AEHE Yz
0.01 pmellA 1.0 pm H9A2H S 24 Fiv
-] AldAlel A wiEd HA|9} =2 A]o|c}. wle}
A, el7te] 3E7R FolEe] deflA AREE A o
HzpaE B9 gatar]e fFEol 5.0 um o3 E #
Q) giek (Bergman, 1995). 44 v} A7t o= &+
o A5 AW E3170e) A &2 =d 53 o
J27) Ag, 3§57 A8 9 45 AR A 22 A
o] 4 89lo] HI Qivte dF A AHE ¥y
o} (U.S. EPA, 1992).
et Edo M $4A o S AREIe HH
gt oA L fAE7] YA 197995 AAERE
cabin air filter /W& 243t 19899 5H F43
o A&zt MHH -2 2 Al AT
4 cabin air filterE #A2sigon, FIo M= A4
3 Z28x18 cabin air filter/j2E $3 ATE +48
3t ¢)o}t (Cashin, 1992). u|ZFellAE= 19921 F¢
A28 cabin air filter 7Ng 23l 199335
B g S8afel| dhele] AAsie]ony, HZo] i A
it g 459 FHE Y7t 3o (Hsieh and
Tang, 1995). YRAMe 5o A AAe 7%
AFsted R 243 A44 cabin air filterE 7
sto] da) W FHe £83F Fiel Al o F
W S8 A= ATl Yt 2 43
gsled AHaE Y 9lv} (Ohgaki ef af., 1995). Yo =
SRz 7S Hesy HA) X}EZ}‘H #4E w4
sto] ok $ale] &5 F3, =i wix] Hbel o3

30, heater, evaporator W F7|&3F A|AElY) BHE
Zmo| A cabin air filterd] A3} WS Q& 2 7o
2 o F5o

B Aol dal g 4ol AAFe] AMEHI
9l= cabin air filtere] A% EAL wabsl vzt =F
T 2F s8] F7)eH Alzd FAAM cabin
air filter®) A4 A& AH 2 F Y A5 Az
dallel A MZ ALl S8 el 2EE oAl A2
cabin air filter 2855 AMAste] AAFE A§A
2o A 7] 2 EHHA9g AC Fine A4 = (air
cleaner test dust fine)E Ah&3le] cabin ajir filter

Ex
l

g 7| BAstsA) A 12 A3 =

o] Ao A¥y o e jaaledc) (1985).
2. A #

2.1 M¢&E Cabin Air Filter

AYL cabin air filter:= 9FA TF S8} F
2 A ste] AHEEHI e HHEAH AT HE 2FF
2A, MA-V100% carrier % ¥9} microfiber &
A PRI, coverd FAFE 3302 AlzEgloH,
VF-V100-2 carrier #3229 AH X2 E2 24202
AzHLG. MA-V1009 F%#& 163.9 g/m?, T
VF-V100

= 3.5 mm, WAL polycarbonateo] i,

(b)

Fig. 1. Scanning electron microscope photograph of
the cabin air filters.
(a) VF-V100, Magnification 77X
(b) MA-V100, Magnification 77X



o Fepo) 235.4 g/m?, FA7} 4.2 mmeld AHAL
polypropylene .24, dubxel £2|4 EAS E 1o
vehitl (Bergman, 1995). 23 12 FE§F9] 4¥
4. cabin air filter? EW-& #HA&n|7 (scanning
electron microscope, Philips XL30)2.& 77} 2}
fsbe] B AL Jeldd, MA-V1009] #9
(2% 1(a))2 coverd HFATZ FAH glo] A
Fo| Aol ¥ oz Jept o}, microfiber FA F
Az DUdE A4S DEGAS e VF-
V100 (28 1(b))9] % e A4 FAE2A o
YHHe A A2l AR A Folol
bl A7kl A2 97 A ¥ aslel s,

Table 1. Physical chracteristics of test cabin air

filters.
MA-V100 VE-V100
Permeability, cc/cm®sec .
at 25,4 mmH.O 20.8 16.2
Weight, g/m* 163.9 235. 4
Thickness, mm 3.5 4.2

2.2 M8 Hx|

Cabin air filter®] J%5& A g3 s Ag4 =
A= AgAYel 253 By F 9AE o]Lsisivh
Aol P4 HAE A% A7) BER 2
2 gle] 2&Fe) EHAE AMgstdh FRE wAd
A=z WYt 0,003 umolAl 1.0 wm WA=
electrical aerosol size analyzer (Model 3030,
TSDE FAste A#E 27 2(a)el ey, 0.5
umell Al 30.0 um W $7HA]= aerodynamic particle
sizer (Model 310A, TSI &Asglom ZAxE
2 2(b)e] Jeldcl. Electrical aerosol size analy-
zer® ZAg AE ¥y BRwiAe xRz E AL
T HIE g Ee] 0,006 umelM 0.01 pme] W9
of E2Ho] glem F slgEEE 58,866 particles/
cm®o)t}, Aerodynamic particle sizer® 338 4
A5 B F5AA YAasE AesE LEE dF
2ol 0.7 umolA 1.0 ume] Wele] RFEH gl
Z M4% 5= 43,0 particles/cm®o] v},

HA A7 HAE 27M AYE cabin air filter
9] =g A7) M HAUAe) gH-2 AC fine
air cleaner test dust (AC Spark Plug Division,
General Motors Corporation)Z ARg-slsict. AC
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(b) Aerodynamic Particle Sizer(3310A)
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g. 2. Size distribution of atmospheric dust measur-
ed by electrical aerosol size analyzer and

aerodynamic particle sizer.
(a) Data from electrical aerosol size analyzer
(h) Data from aerodynamic particle sizer

fine®] F71& AAYAA71: 18.2 pmolw, A&
AR AR 3 002008 Esled st AL
g 3o el

2.3 A§EX

AYAA = 7HF filterd] A% SAE A7) Hs)
oEH40g 7t KIER Modelel A#AGFE 2
XN A TERE O 4 47 Jepld A9A
Ae AAE FUHE 7 FHE d9A3AE vig
AAs = 7144 (air cleaning chamber)$} A
d4 7] BEE 437, Agg oA 2ab A, AYs
filter A% A@AA 9} A4 w2 FAF AA=2 5495
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Fig. 3. Scanning electron microscope photograph of
the AC fine test dust.
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Az A AARL AdE 37 EF $3719 &
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248 £ ES He gl AYS Hx A
G-73A Y oz Nid AA=A AHLL
2 A}%Elh AA G ohiAb A2 gabe] ZhgEta W
A9 = W97t W MUz 2A e bt wA
AR R E e A7) AA ZAE AAste akE R
Aol Foid A7) A AAT Tbedt

Filter A% A¥AAE 3122 FAHe glon,
e APS 9A B, FF B2 4 filter g

e g

¢

QY & Qe filter A% AF ¥, #2e UGS
filterS E3}3F §ak 23 Brog FAse] glt}l o
B3} A goka} shwe] Foel AR ANFE AA
sl EFAAZ fYEE dAY AEE filterE 53
& 9 = ¥ YAV FEE FAY 5 UA=EF 3§
<.

7147} A3 A S filter &
3}o) orgj&Ale anajog pressure®} digital pressure
indicatorell M #E3}0|, AL filterE AT 7%
L Aaje] shgtoll AAH orifice?] At 2y
2= k% analog pressure$} digital pressure in-
dicatore| A 5T 4 SI=F FHof gie}.

348 o Hele A

2.4 HEdry

Age zr|z403 A3 YA E FEE A
gl o z7|Z2A9 AL HA cabin air filter
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A&, FUF7 FF Sk @2 gEHeAE A
FAAUZE FA5HE T FEE 5019 AR
Axg z4ste] f32 orificed] Ao HoH,
olwl2] F7| FellH AYPE cabin air filters] g}
gHA 2 ZAstgch. x|t W] - o
2 FA437) e dTeAEEst 9™ 230
’*] 7ko]l 733 3lel w2} Al3E cabin air filter
dHEAR ZAsed. 272 B8 v
A cabin air filter® AFAAYol A
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Fig. 4. Schematic diagram of cabin air filter performance test unit.
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filter?] E3s 7)o &% HAY dAANE ¥ =
£ aerodynamic particle sizer24 54 Falsto] &
g ARZ EQ A4kl JsM Aot dAZel ¥
Al A A B A EA TS A AC fine dust
JAE 52 HAAA AYPE cabin air filter &
o AAZL 9AY FAZ AN F AC fine
dust $AHE AN, AFAR B1E Uil
2] fel QAR 224N $A87000 F49 A
AR =AY =X AHL cabin air filterd 33
7)ol 69 AHAAY A= FEE YAz
0.5 umel A 30.0 um7AA ¢ # = aerodynamic
particle sizerZ4 2A&9%3, 0.003 gmelA 1.0
um7A1 2] M= electrical aerosol size analyzer®
2xse] BY4RS BN Adl S84 dgeh 8
sol Weha graads] WE AR, 32 w4
FTPEE ¢ ¥E ANEZAEES FAsHH. AC
fine dust® #1%7] (convecting oven)e]A] 110°CE
1247 Bt 71 A2 F A2AE7|eA AdAY
exel e E 2407 dabsled ARgsleld. AC fine
dust9 Fxx Wz B e AC fine dust®} &
Al S dAeA st FRIT. APEALE F 29
viehyle}.

[=>

rB

Table 2. Experimental conditions.

Air flow rate 300, 500 Sm*/hr

AC fine test dust concentration 70 mg/Sm*
Air temperature 20°C
Filtration area 0.20, 0.38m*

3.1 Cabin Air Filter M x| 2| x|

28319 27|48 A|AEl FA3} cabin air filter$)
Az 92E 27 5o Jehlel, ed Aade] T
Qe

E4le 2e) A (water drop separator), 9
3 (damper), % 9 (fan), 7} (evaporator),
7} 7} (heater) 2 £%A! (mixing compartment)®.
FA4 =] 9t} Cabin air filter &3 djakal 374
2} 3atel A AAEE S4ale] FEA S 2y
cabin air filter® A% A= Burgia] AX 9 &
3 5l Abelell Az} A Hge Aoz FAsIc o
YA cabin air filterZ Axso2ZH ¥ F7]
’%L-rrf;4 oAl A BA A A E3E1e T
2 Ak B4 g wrElel £59 23 A A7) bt

%-&2}-8 Cabin Air Filter®] 4% 283

Collecting 5 ’9 ]
screen
8\ Circulating air

TN B O TSI e

Water Evaporator Heater Mixing compartment
drop compartment
separator puw

Fig. 5. Structural diagram for an air-conditioning
system with a cabin air filter.

9, W), A,
W72 R gAgozs 4 7179 4%
- 5 9 2

A 8 <8

T }‘H #74 ’TT‘Z]7}' 7]'*‘5}
o, e A2 i}%-"% Aate] wte} cabin air
filter?) A2 $1x]s} ko] WAHEG 7}5Ado] ABE o
of &t @& A7t FyHelof gk, Cabin air
filter AL 4210 Fx8 FF{ol wet G2, 2
2 6o VollkswagenAte] Jetta, Opelrte] Astra,
FordAte] Mondeo, Mercedes Benz$} BMW %9
929 A% nF FER] AAHE
A2 el (Bergman, 1995).

cabin air filter

Al

14

2

efzeid
37 £8 Aadg dEs agHee $As] 44
A= 7z BHoA giEeAle] sbgdt Aeojokgith dhu
A cabin air filterd $9¢ A X AR A3
sted WAFAZ Boh, 3 Aeak A4 d7En

!
o] 9J5l™ cabin air filter?] A ¢HFEALS 40
mmH.0 AEZ FAs T gloh, 27 _{7‘4_01]/\1 2
cabin air filter?] ¢43&AY Wil 7
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Wl wheb 0¥ 7ol Jebloh 37 el FvHel
wet gEede S7lEe AEE Ve T yled, &
7171871 MA-V100¢] VF-V100e| u]s] Zc}, o
9} 7o #@ALe MA-V1000] VE-V1000] nl8] x]=
Ae|7b 2l FE7) 3R L= Az glo] I E

30

[ Atmospheric dust filtration

255- C/
20 F yd
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¥4
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Az0.20m" ]
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Fig. 7. Pressure drop versus air flow rate of auto-
motive cabin air filters.
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Fig. 8. Pressure drop versus particle loading of
automotive cabin air filters at 300 Sm®/hr.

Table 3. Total collection efficiency.

o A& Aol 27] HEelct,
:L"fl 8ol %81 F7)e] 8 HATESY T fakol

GRTG 2AAA WA Frbe o E e W
3 7% J—% vehiich, shEEA HEhe wiA el e
W9l oF 30 g/m* A = kT Frbske A
BP0t o] o o] wiA|Falel X FE = FA3 FUlst
v A%E deblle. MA-V1002> #A737} 40

g/m' A A SFgEAel 40 mmH,O0 932,
VF-V100& miA| 37} 75 g/mrel 4] ) greelo)
=Gk oleh e A= VF-V1009 LA T2
MA-V1000 )3} Avie 21 d&E 4 et

3.3 Z8 Wx|xzx¥EE

F 39 F7lf8e] 300 Sm¥/hrel A 500
Sm¥*/hr FHdA 27]Z7 3 AC Fine HAZ2L 34
3 2404 7] 3 FFRAe) Exdol W@ 32
ZAEEE vehid, 27] 2719 28 WA EIEES
AA cabin air filter?] Aol A AYPA F7) Fo 3
Fax 2] 24 dg TES e ez, wHAFo
HAZANAM FH AAFHAES xS A3

A 2204 "é?’“é +7) F& FAe 24
gk Zdolt. R 3ofM Xy ups} o] 7] 223}
Aol FAE 2AdMe] WARYELE V] FF
of Yo F7le] A 2ol vld @A veii. 27
271 MA-V1009] 2% iz ETHEHo|] VF-

V1009 4 WA EYHEEEG $A depla. dA3
o] YAR ZAAME spRrAE MA-V1008] 3%
RAEA Lgel VF-V100el wla) ¥4 Jeppony, =
fl 7] $8Fo] 500 Sm/hrol ZAA Wx)Zo] 34
g 2719 A= MA-V1000] VF-V100e] w3 ¢}
38% A= v #A FA=dC) o]eh FE A MA-
V1002] Az F27 VE-V1002] A2 Fzo vl &
"atA FAH T filterE TA s DUdAR9] A
Aol 7ol WA YA A At S48 et
EosAeg B4 oo wd filtero] 23 HAYA
IR EHELL filterd E7| %7} Zrbepd As}s}
3ogpasbd Fvlele el gtk Ry 9l

Total collection MA-V100 VEF-V100
Air flow efficiency, % - 14,92 AC - 8.0g AC
rate, m'/hr Initial Fine loaded Initial Fine loaded
300 48,84 83.8 25.6 78.9
500 33.04 92.71 17.3 54,86
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(Hummel, 1996), & 1& Ed& w2y MA-
V1009 23 WAXHEE) VF-V1008 £ A%
AEE B} gohe AYgAAE 4 F1 sl

Sda 3] S 2A6AM B wix)Ze] PAH 2
728 29 wAEAEHo] 27 ZA 98 A A
Hyled, ols)} 2 AL filter Aol &3k A4
A EA 7lofdle &R HA S| oe] v]edEle=
A7} 27 JEeR B 4 e

3.4 22 WXZYES
B AAEHEES FHAS YA e 9

A THREEAN ZAREE EYE 5o A Al 9
A F9o (Hinds, 1982).

e = (1 — Nout;/Nin) X 100

o714, nee BEUAZHES (%)o)9, Nint: &
ol H815E FHHAY dANE AR (parti-
cles/em®) o] 2, Noutis A4 filterE F3gt A
9] dA=z7 e % (particles/cm?) o[},

19 9ol F7)frFo) 500 Sm*/hr ZA A 2712
# AC Fine WA&% 348 270 7] 5 Fi4
A9 4A=7|7) 0.5um o)A YlAkA|E THEE
ol BB ¥FAFEE epi,

T ZE30 cabin air filter 257} Z7|Z27H o] w7
Zo] PAF 2710 v)E 8 TJEEE WA fAH
ook, =3 MA-V1009 F8 XFH 8 &) VA-V100
Bk A fAEGH, 2720 vl R 9]
9 8A=7)7E vl AE H el 2 WHelE MA-
V1007 VF-V100 Xy} H7 $x59det w3k w1z
7} 54" 2A0ME npzbE MA-V1009] §-8
EAHES] VF-VI100 B} ¥4 {445, 27 &
Ao M 100% ¥EAo] 75T YA=717F MA-V100.L
2% 6.5 ymoy} VF-V1002.2:= o 10.5mzE
ehytch 2z S AY ZANARE vl AR 100%
ZFe] 7F%E YAtz MA-V1002.2% 2.0 umo)
U VF-V100°22: 50umo2 Mo} %% FHES
2o A= MA-V1000] VF-V1000] uls] =31 A
22 FH =g

wAj3o] AASA HAD M vl FHHA
sAbe) B TAEES 27 109 epdT F FHe
cabin air filter?] H% FAHFEE w43 iAt=7]0)
Me gt A= ANEAM st e vie
oz} of = Axe) xtas|dM FE Frele A

bl

£-8-219 Cabin Air Filter®] A% 285

Yeldth, MA-V100o|A F8 ZHFE & 713 9
gA7)= 0,02 umelA 0.04 um AH X} VF-
V100 A= 0.013 umelA] 0.075 um BYZ vfebyt
o} Hinds (1982)% ulAdgt  wAsiztzzle] =2
filterol] &3t £ 7] 1+E M3 o] 22 EdZ filter?)
FAZE 1.0 mmelZ, filters TAIS: ©dd4o 3
Aol 2.0 ume], Zx&-o} 0,059 air filter?] oz}
457} 6.0 m/ming ZAAM A3 HAYAZAY)
F= A AZ7]7E 0.01 pm ol Aol A 0.2 um AT
o] Wejo N AF (diffusion)e] 2JaiA] WA £ o
Ao o] Fey A (. 4pum oA YA} AE
El= A& ket (interception) s} #A %% (impaction)
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Atmospheric dust filtration
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Fig. 9. Fractional collection efficiency as a function of
particle size for initial and loaded filters.
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Fig. 10. Fractional collection efficiency versus fine
particle size for loaded filters.
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fu

ol osA AMHOE o] FolA T gl AR FAsY
.

et 4227]7F 0.2 pmellM 0.4 um2] HHel|AM
HAAAYAZEAEE (minimum collection effici-
ency)o] EAsA HEd, o H9] AX YAl A
= 77t Akt 747‘{] Agtell FAo) BPHLE o]

Fo|A 1 Qe A2 FAsg. webAd MA-V100
o HANANYAEYEEo] EAjste HAYA2Y

= 0.015 pmolA 0.04 um A= WIE 2}0151‘,(1;

VF—VIOOT; 0.01 umel A 0.15 um A x2| Wz &
NETES
.4 B

A 278 22 34 29 A vt
A A7 25 9 A8 A 2 FA FaefA
cabin air filter® A& sl $£8342 £F7} Zrbsla
glew, cabin air filterd IA% FAE 43 4L
QT ke AAZTME AAHT 9k B dTA
oy S8 A =3 LIS cabin air
filterd Aitelr] gk NE2ARE 5324 I 5
£} AR cabin air filtere] A $1x] 9} FHTo]
ZU 2430 A" 49 cabin air filter 257&
A ste] Qrieal B RR w2 E L] N LRk
o},

1. =4 %
Az 92

!
4w~

2w A] cabin air filter?)

Pe|Aa)el 48 @ Aoz}

Zb2y 71719) B3ek A

wollA Tejs] & uf A
. $ 2y A whel o}

A A7 WAE AsAdel e AL S8
Fzo g g2 A7t R

2. VF-V1002 °J%1€*é91 %7} 71471 MA-
V100e| sl Fe Frbel wel Agd. =g
cabin air filterd] 4 & =Fsle= 4]
7= VE-V100¢) MA-V1009¢]} A8 Zglo},

3. 23 HAENEEE 7] ¢ 2| ¥
© 27 HlE w4 FAEHAL, "AZF YA
Z2Ae] 27 273 2ot B4 FAHAE. MA-
V10098 % wAZHEHo] VF-V100¥} ¥
A FAEA

4. H7) & 35449 datmr)h 0.4 um o] Ao A|
MA-V1009] REIAEES VF-V100e] u}s)

g7 R A=A A 129 A3

A fAE2, 100% TAe] 7Mgd i
8 sjAA7| = MA-V1000] VE-V100e] w3
2okt

5. Mg HAA 27] HYdA MA-V1008 ¥
BEAEE VF-V100e] Hl3] ¥4 FAsgL
v, MA-V1009] H¥XEAEFo| 712 34 #
A He HAMAYAEALE] YAkz7)E= 0.02
umolA 0.04 um R W o} VE-V100e]A4
= 0,01 pmolA 0.15 umE WA EF =9}

-

Ar o3 d, m?

G 4F9HAEE, mg/Sm?

Q : F7)RE%, Sm’/hr

ne o FEEA QAEHEE, %

Nout; : Filter& E3}3 £7] 2o 55 A=Y 43
a7y AgEx, particles/cm®

Nin; : Filter®] §437] o w9 d4a714 A
%% particles/cm®

o

L

g ake] 7162 53 3] (1995), Atgi71E9A]
o] AA 5}, 397-411pp.

FINIES (1985), BETHE# HisYrEE#F, HHRIL%
fr, (i) B4 pg TEEMHE 3R, 615.

Bergman L.(1993), Automotive cabin air filters
show potential for nonwoven filters,

71EME

Nonwoven Industry, 42-43pp.
Bergman L. (1993),
motive cabin air filters worldwide,
Media Consulting,
Bergman L. (1995),
worldwide

Filtration opportunity auto-
Filter
Inc., 81pp.
Automotive cabin air filters
meltblown/microfiber and
electret nonwoven filter media and many
related aspects, Filter Media Consulting,
Inc., 423pp.
Coshin A.(1992),
air through cabin filters,
of TANDEC Conference,
1992,
Hinds W.C, (1982),
ties, behavior,

Cleaner automotive passenger
in Proceeding
13-15, QOctober
Aerosol technology © proper-
and wmeasurement of

airborne particles, John Willey & Sons,



424pp.

Hsieh K.C. and Y. M. Tang (1995), Characteriza-
tion of used cabin air filters, Proceeding
of International Filtration Conference,
Organized by Filter Media Consulting,
Inc., and Nikkan Kogyo Shimbun, Ltd.,
51-56.

Hummel P. A, (1996), Advancedments in automo-
tive transmission sump filtration, As-
pects of Automotive Filtration, SP-1165,
Society of Automotive Engineers, Inc.

Ohgaki Y., M. Nagashima and Y. Matsubayashi
(1995), The automotive cabin filter in
Japan, Proceeding of International Filtra-

%-8-214- Cabin Air Filter®] 4% 287

tion Conference, Organized by Filter
Media Consulting, Inc., and Nikkan
Kogyo Shimbun, Ltd., 38-42.

A.D., M.B. Hoffman, J.M. Lopez-
crevillen, S. Singh, R.R. Stomber and
G.C. Wallace (1992),
development of a particulate trap system

Tuteja,

Selection and

for a light duty diesel engine, SAE
Paper 920142,

U.S. EPA(1992) U.S. EPA’s national air quality
and emission trends report, Technical
Support Division, U.S. Environmental
Protection Agency, Oct. 1993,

J. KAPRA Vol. 12, No. 3 (1996)



