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3-8 ®Xxa=4 (wet scrubbers) el
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BB (filters ), 232} (scrubbers ) & EBEE
FE%5iE (electrostatic precipitators )o| sl 71
25 A skl gk
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Table 1. (a) U S.Sales of Diesel -Powered
Light -Duty Vehicles and Trucks

Model 1976 | 1977 1978 | 1979
Merceds -Benz
240D 9,024 9,770 6,600| 8,600
300D 12,521 11,333 | 16,000( 15,300
300 SD 0 0 5,200 9,300
VW Rabbit
and Dasher 0 7,500 | 36,386|110,000
peugeot 504 D 4,548| 4,914] 5,547 8100
General Motors
350 Oldsmobile 0 0 35,180/118,000
350 Pick-up 0 0 16,920 31,000
260 Oldsmobile 0 0 0 50,000
IHC Scouw 970 1,237 1,231| 1,000
TOTAL 27,064 | 34,754 (123,064 351,300
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Table 1. (b} Year ~by-Year Projections of the £ Vel A0E ()& HEEMARS BEHEEHE (D)
Diesel Fraction of Light- Duty = HE HEMMEZ (2), (b) 5 F43) 1
Vehicle Sales in U.S. NE%E Hofm Qo £25 B 1990 49
Model Year Diesel Fraction (%) o —A P HEEFRSEH &3 ebd Roz Tk
1981 47 % Hiol w9 efw w HeESEo LEE/ AOs
1982 .5 % EHE ol Kol #EhkHed e nodFEg %3
1983 8.9°% & XHe) AD7F 508 BlEe) K&l A 8]
o0 e BI%el KFdT —A she) AHEES Hs Aol
1986 13.8 % ot BHlaTke BEEE & 4% 19 2 2= Xl
1987 16.5 % =, %49 &iti(Los Angeles, Chicago, Houston,
1988 17.6 % Dallas 3 Ploenix % )ol 4= #klol s £¥atz
1989 187 % KRR o] - A B A% Ro] HE wLe nd2
1990 19.7 % o},
Table 2. Projected Diesel Particulate Emissions Table 4. Physical Characteristics of Diesel Pa-
. rticulate .
in U.S.
Parameter Magnitude
(meteric tons per year, 1990.) : : :
Model Nationalwide Urban Z‘;ll";i‘;jl ii”‘;letizze . 0.01 sem
Light -DutyDiesel| 152,000 —235,000 | 84,000— 141,000 gmmd ated p € s1ze 05
Heavy -Duty Diesel | 171,000 —241,000 | 65,000— 92,000 % smaller than 1m %0 #m
Total 323,000 — 494,000 | 149,000 — 233, 000
Exhaust temperatnre
Manifold 180275 °C
Muffler 164— 210 °C
Table 3. Large -Scale Air Quality Impact on Bulk density 120 kg /m?
Regulation of Light -Duty Diesel Pa- Gas flow rate (estimated for
rticuilate Emissions 200°C ) 0.14 m*/s
Mass loading 7x107° kg/
Light- Duty Diesel Ambient
Population Particulate Level (xg/m®) =
Category City Uncontrolled Regulated o5 i
Over 1 New York 20— 4.8 05-1.2 = 20 ..ll
Million Los Angeles| 5.4 —11.3 14-29 80 ..,inm
Chicago 30 —10.7 0.8—-28 70 ’.°° omy
. . 60 o®
Philadelphia 26— 44 0.7—1.1 g' S0
Houston 44— 7.5 1.1—-19 o 40 .
i - 35 | 05-09 < X .
Detroit 2.1 . . . =0 .
INTEGRATION OF
10 L ((::‘t:nn.n AND IMPACTOR
500,000 to | Dallas 64 —108 1.7—2.8 5 .'
1,000,000 | NewOrleans | 22 — 38 0.6—1.0 2 .
Boston 19— 3.3 0.5—0.9 1 o
0-5 A
Denver 20— 34 0.56—0.9 0.2 ..0
Pittsburgh | 18— 3.0 | 0.5-08 CXC-T S
San Diego 24— 4.0 0.6—1.0 0. 01 F—t et
Phoenix 44~ 1.5 1.1-19 10F 107 10° 10t
St Louis 26— 4.2 0.6—1.1 PARTICLE DIAMETER (MICROMETERS)
KansasCity,MlO 15— 25 0.4-06 Fig. 1. Size Distribution of Diesel Particu-

late
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%4+ o-AHEE) E@ftteld, 17 12 #F
BES) W F@&ol wE EERMMoItH qzxogXE9
BEhERe) o - PREES) K-S #9100 R o) e
Wamet wiFolvh, EEdlA KEHhes kg e
= RS0l BEEe] ¥R 01 um, BEED.
#% ( mass median diameter ) o] 03 #mS & &%
HF24 o, = HEEAY BEEE 7ladq
219 30 ~ 100 f5ol =, HEL Kol HES #H V9l
012 g/cc & oS Fow, 28 104 B+ upe} 7+
ol HELERES T0%7 1 mBch Fe HRT2
T4 =

2—3 Cl—dpkEEel g~
5+ BERTY BLERSAe] BRETHEE
£ vrebd Aloloh, o ~AAK G KTFdnEl 0.1

ol-A HREEMR HBSKE S R MEREBIN

Table 5. Rate of Fall of Spherical Particles in
Still Air

Particle Diameter (#) Rate of Fall(em/s )

100 30

10 0.3
1 0.003
0.1 0.00009

#m2 ALE 0.94m/is (MW40cm/ 50/) o2
ol BARTE Aol 4 kAl BT 75T
T Utk K62 o -t 4 HEE HEMY
HEE2A olgF S s BARBHS Yl
< B Frh. 27 28 KT BEEPOE FE A
ko] 2, HEXYE Moo HWEXRL JeliAoR |
umplbe] & KWFEL P oA HEdoz &

Table 6. Carcinogenic Compounds Found in Diesel Exhaust Particulate
E missions
Carcinogenic compound with Molecular
Formula corresponding formula Carcinogenicity* weight
CiaH, 2 Chrysene + 228.0936
Benzo(c)phenanthrene -+
Benz (a)anthracene +
CaoH,)2 Benzo(a) pyrene bt 252.0936
Benzo (b) fluoranthene Ead
Benzo (j) f£luoranthene ++
Cz20H1y Benz (j)aceanthrylene ++ 254.1092
CaoH16 7,12-Dimethylbenz (a)anthracene s 256.1248
Cai1Hiw Dibenzo(a,g) fluorene + 266.1092
Cz20H13N Dibenzo(c,g)carbazole +++ 267.1045
Ca1Hi¢ 3-Methylcholanthrene A+ 268.1248
Ca22H,16 Indeno(l,2,3~-cd)pyrene + 276.0936
Cz2H, s Dibenz (a,h)anthracene + 278.1092
Dibenz)a,j)anthracene +
Dibenz (a,c)anthracene +
Cz21H;sN Dibenz{a,h)acridine ++ 279.1045
Dibenz(a,j)acridine +
CawHiw Dibenzo(a,h)pyrene 4 302.1092
Dibenzo(a,i)pyrene -+
Dibenzo(a,l)pyrene +

* The carcinogenicities are given in "Particulate Polycyclic Organic
Matter," National Academy of Science, Washington, D.C., 1972,

according to the following code:

t uncertain or weakly carcinogenic

+ carcinogenic

++, +++, ++++, strongly carcinogenic.
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Fig. 2. Respiratory Retention of Inholed part-

icles.

A=A got, 0.01~0.54moF3 I3 KFS
('submicron particles ).o. aetar ( 40~80 % Do
FEXG fivell HEDE BodFot

upebd] RFE E EKAMOS BEARESH £ 2
Seitigol o e o —APEE RENT7F 2 RE
of BRY EIRe] st WRUHES MEIH 2
Al FRBECZ BRA= 2 FolA 40~80%7}
FEG Mo ED e ols 78l oy A28 +
A zb obd & et

2—4 C|—HHEe AH>Y

EE| BunEE-> SAEY o -A e ERAEY BN
BBE n| Fof A4gt A2 1990 L% E o -A B
ol )3t AL A3 EHRLAERC] L HE
BEY s, 19804 3 A 5S5He o -AHLAY /)
B -A e ofgt PeEES HEIES £ 73 ol H
e

F 7oA 1982 42] HEMES) 0 .6g/milecl oy 3] A4
EAzHR 2 I xfEel WEksh, 1985 &L
o HkifEc] Nl H = ol gt WEEES HEHEAI A
Qi Ekslr] o A2, Bffd v o] 9

WS MR- KRBT RAEC] o},

2 ETEE (K] BX, BS )5 7S
Haocol ololel MENTES RHHBIS Y= HiEo
oh, EHE ofF A3} AgE vz glA 2o,
Feus o9 spg 4748 el shist opd 7}
Bt Alg = o w7k -2 BRSOk 31 L}
T A7 of,

- WEHKEe R
R

31 mERES LEHH
o - S MERE) LB 2 ETiEs 2
= AEE F F Ak

(a) SHERT RUHE ERTEISA (HEE 70

%Ll 1)

(b) #tf5 2 RERBR7 AT A (40K 4=2H9 0
)

{¢) NEHAEZFA(SEAL A 54L0TF 2
71)

{(d) Axlel 2%kl EEL T2 %2 A, (HBH
o] A& A% )

(e) &t & 2 (300 Coll HEAREY )
(f) & ¥ % #L A Folrt.

3—2 ZE{(filters)oll o3} k250
e % B 29 304 Beubek o] o - HiEE
o] ER oL Roll A HEMREe] Vi, = HEfEo]
€} fioll S ol whE BRiE ( HEEEEH ) of Al
ube} ol 219] HEEE R TFAI7l = Fol s58ol ek
ek Wikel eksle, A EH 9 WEMERS @
o 4 9] 53t KMol glo] HAE 7t ol tFEE I Sl
= ®EY shioldt.
(a) HE WA
He B ®AKHE ( mechanism ) &
Ficeh 3ol & 4 YA,
@ YiEdH € (diffusion collection )
gl 93t WFe HEd 9 %2 Einsteinky
RS FIASH R el & 4 ok

K Bl5ke

Table 7. Proposed Rarticulate Emission Standards

Year 1982 1985
Light-Duty Vehicle, Diesel —Powered . 0.20 g / mile
. . 0.60 g / mile ]
Light—Duty Truck, Diesel—Powered 0.26 g / mile
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Fig. 3. Fibrous Filter Efficiency Versus Par-
ticle Diameter

Dp = CchT ./ 3n ndp 1)
A7 A Dpe W79 ##D (particle dif fusity ),Cc
£ R Tl 3 MEMEFRE (Cunnigham sl-
ip correction factor), #+=&K2] ¥ (viscos-
ity), dp & HFEoI k. R(ellA HESL KX &
BHT) o WFishe] WFEs el REAES 2
o] Fo},

@ HEWTHEE (interception )

R e ol o5 EMiimEe X219t 2o v
bl 4= gl
R=4d, / d¢ (2)
of 7] A RL- MEWTE (interception number), det ¥
Elo] HER (collector diameter ) o]} ol <
gt RS mEol Y BHNEY 2 HEN) MR
moz ZALw A A%

® 1{EHFH%E (inertial impaction )

BiEHel ot mFo MES> KBz Jehd
ot

¥ =ppdiusCc/ 18 ndc (3)
o7 A v BYUEZEE (impaction parameter =
U #HE WMER olgh H-E# (stopping dis-
tance ) ol o}, op+= K FEEF (particde density),vs
= HEMEE (superficial velocity) ol o}, wels 18
HHEERDS NTRE 28 5, RFRY HT
o] HHEE £ T8 FRIASHKHY HEIHE
dH o] #ER] AL 55 3418 ¢ g 5
3] E#ol & KT} B A 44 HEdL o
T e

@ 71 =

LE#E LA e Mol &8Il T HEBEIA
= HEAME (gravity settling ), #ERE (electro-
static deposition ) , RE@E#&le] &3l % (therm-

o-A HER HRERY Rife WARREN

EXHAUST ’
AIR COOLING »

S00T

it~ wr T

-"i COLLECTOR
Fig. 4. Aut-Ainer Filter with Cyclone Soot

Collector

ophoresis) , B AE T Zo) 9 % (molecular flux
forces ) %o| glr}

(bl o] — AR sl Ve|HBE o MBS,

@ Aut — Ainer HE7

2P 49 Aut — Ainer BEl = BER HEKAY SR
tholl o3 BARMIES cyclone RWE ook o] HB
= B AN ES Y WMEHEL Fou, BB 3
u f%E RO XS ofF EHJE 9.2 M)
3t

® AF48H (fibrous filters)?

XE REB) o) FAMRE 259 A4
YE = €8 (stainless steel ) RE A 99 %
o] SH.BE (porosity), B 2. 9inAg, WHEEX 82%

T 2 S o, Bk B ET R e 4
20,900 km ©f EHEE dolzi ek 2t EHE
A AEES] A RER slolmzs -2 kES
Fol| ofat EBHEHR, WMEN TS HMRE (reentrain -
ment and bounce ), B HFEEKE o3 MHER
@R FELC Folal o}

® #BHEH (ceramic filters ) &-11
EXHAUST GAS

OUTLET BELOW
FILTER

RECTANGULAR
FIBROUS FILTER
ELEMENT

EXHAUST GAS
INLET ABOVE
FILTER

Fig. 5. Prototype Fibrous Filter
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(a) Construction Model

(b) Photograph
Fig. 6. Construction Model and Photograph

of Ceramic Filters

3—3 RatA32j(wet scrubber)of| 2|5t i#HE?
aziE degA ERE B KFROE AB
Az o7 Grhel HEBS KiE MEAAD BE
i ventri scrubber, im-

pingement plate scrubber.,

2o & spray scrubber,
sieve plate scrubber,
charged droplet scrubber & floating bed scrubber
% o2 FH7 A

(a) ~zetwtEe] M

~a e g MBS SIS oea 2o

OFHIHE (inertial impaction )
kel 28t HFo MES MENT Hels=

¥ (collecting body Reynolds number ), Recol &
& iR Al et
Rec=Ucocds / #c 4
714 Uge Kol Ret B SEEE (undistur -
peT [AES BE
te = KRS HitE  @as
stream viscosity ), dg = K2 BE#&olch (el A
P el SikdEs ety BlAftel s, x %
FEHEol 2 Kol wol AEY of HWERHF A
e o 4 ok
® fhEA%E (diffusion collection )
kgl el BN T EEWES I Fetl
—&tu2. ANE 2HE BAE 7 A
® 71 =
LIS kil o EEBA T HEREEE
HEhME BBHAE N obkmkle RE 3 BOM
# (gradient ) o] &8} % (thermophoresis and
diff usiophoresis ) &o] g} o},
(b) HFEAe BX zehds} 2 EAHIMNs
EAe 54 AR
' T YA

bed gas streamvelocity) ol®,

(gas stream density) .,

sieve plate scrubber
ol KEE 2% 7ol Y A
o] HEEE F& SV £ATERE Solrt AW
ieve ) ¥} KIS F8le] LRSIE Aol A HERT
7b kigel MFst BRESA HEel A ACR, &
Kb de] Algho el AS Fo| AAYE EEE
M (o] wol Srppe] skifimol] cAgh £ MREE Ko

Liouio ouT

rumr

Fig. 7. Diagram of a Sieve Plate Bubble

Scrubber

(5561)



BAZE ) o F83ic

o] #iEe o —A Pl HAL Bt BEE
Sog wn)dhol KHERC) BFsIr, RE F &
AELY FAAGTORE #ikd Ay delut LMK
shohs AR d ot

3—4 BREEEEO 2T HE
(a) BEEREY RE
BELEBEE (electrostatic precipitator) & HEEEA
F& ;A (corona discharge )oll 2] &
(charging) A4 4 #&/1 (Coulomb force)o 2J3l
HEEEHR (collection plate) off M FBIEA 7 o2 A £

BrtaS ASol st RERA, BiHol Ao,

0.1~1um8 BHRTY AL HER e v
3 43y, HBREHE oS o -dHEBR HE
BEz4e BANQ EAS /MR g

To HV source Insulation
Gas outlet
Corona
point
Collecting
electrode
lon stream [ Discharge
electrode
Dust layer
Gas inlet fft-- i
- a"/yWeight
) Hopper
Dust outlet
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Fig. 9. Drehmel’s Electrostatic Precipitator
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