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Abstract

The effects of recirculated exhaust gas on the characteristics of NO, and soot emissions under a
wide range of engine load have been experimentally investigated by a water-cooled, four-cylinder,
indirect injection, four cycle and marine diesel engine operating at two kinds of engine speeds. The
purpose of the present study is to develop the EGR control system for reducing NOx and soot
emissions simultaneously in diesel engines. The EGR system is used to reduce NOx emissions, and a
novel diesel soot removal apparatus with a cylinder-type scrubber for the experiment system which
has 6 water injectors(A water injector is made up 144 nozzles with 1.0 mm in diameter) is specially
designed and manufactured to reduce the soot contents in the recirculated exhaust gas to intake
system of the engines. The intake oxygen concentration obtained by the intake air flow and the oxygen
concentration in the recirculated exhaust gas, and the exhaust oxygen concentration measured in
exhaust manifold are used to analyse and discuss the influences of EGR on NCx and soot emissions.
The experiments are performed at the fixed fuel injection timing of 15.3° BTDC regardless of
experimental conditions. It is found that NOx emissions decrease and soot emissions increase owing to
the drop of intake oxygen concentration and exhaust oxygen concentration as EGR rate rises. Also,
one can conclude that it is sufficient for the scrubber EGR system with a novel diesel scot removai
apparatus to reduce NOx emissions, but not to reduce soot emissions.

* B AL TRICE Bud M T8, £ ESMB R (LAY : 20009 29)
i e ERRREMZ KEE

(330)



A SRS NOx % 448 $kiitpoll vl A & 238 WREGRA 28 FER JeR e i 33 Bk 71

1. F

#

B7& BEANT = RBHRE GBe AR
EES AF bl el o o 2 MR,
UA RS thE RRCl et #ggERe] £7]
wFoll, AR KR FAmS tERRERL B
o] kyTolAM EAET Aoz I A, il BHS
BE A 2" Bt oy, w2, BEY, HHE 59
#HhiRe 2 de] A g 23U g2 R
BeBRBCl et YAMBie SHELHINO) 2
A PEitpE ol B w Eoll, HEIERES KT A
717 ¥ 1 PEE HES ERAI L & e Bkl
5EEHA ERH 1 gk

2 NOx 52 BUE kit shte ARl sk
e WREA7 = AL WEEsHAI R, YA mis
9] ERfES.R Fote EREGS M2 EEl
RN 7 $le BifRel 7] W E o, B KRB
A #BiRaEe R os FERpdl (KAl
© A& WEO|T. whehA B, REE, MK
# 5o # S MAAZ KFEE ATk e
ul, Rkel HA#kl s EFH# EGR, EFH
e, B REE T RIBEE Madte Al
281 Bfste o e e

EGRE ¢ FiFE 7H&AMBIIA NOx Bkl
W& KBA 7 © FELR BRIFH O &A%, Kk
de AE dABRAdE F QA FHEED
B, B - KRB ITRLE A8 8t 2 W
AMEE FESL e Bl ok - KRR T
H{7t =& #Hlie ARV Bb=x, §E 5o
PR FEihiol Emst7] o ol

BAdM e FE ol HARE EGRA 29
< BRAstY BEER PERUT MERNRE, @RRIL
R BB Beiitpel v A] & S Fotry] 918
o] EGR=9] 1g/mell whe} &21bste MABRKERE,
PERBRRIRE 2 BRI o8] FEgka Boiten
"k, & & BHEES v R 28 WHAA
BES BREAZ %, A g 2 FiRs BA
ANA BRBREAZ Bl A28 238 EGR
Al~" & g e, B NO, KiFS 9
¢ EGR#} fLER %S AT 2T WA BWE Al
28 & [l prATshe) Cl A MRS A% 2 EiE

BREE velve 2 A EGRES MEAA S 3B
B, BEE SRV BT B, REERE,
B R 3 OHER PRl vl MBS SR
Bjo 2 FEE e

A #wmd M e 2328w EGR AlAg o] IRA
BEBE 9 IHRERFZEE X RERES
jtigst s, EGRE w& oj& WFY &1t7t
NOx 2 #Z Helitpol vIX & BEE ER3IA
I, RS E = A 28 W& EGR Hi#
Al 2"l & st sl Aol & Wk BN
ojt}.

2, B8 #E A FE

2.1 D%E&KE

7= IO A BRS BRAA fEE e M
o= A, 4854, BERAN, 478 AR
Q] Fig. 1ol & XEAS%E HRsEIE, Table 1o+
HEREEIS 2 #t s Jehd 2 i)

wEe Mhe ERE BREIGE FHEH
e, A HA Ao BER Bk
ERESI] AAUA RBEHS HESAT B
FHARES REFA BRI HES = R
< sl WRES BEs e R FES R
Hald 1, RAZFEEE JEe 2292 9% o
AER ZRKETE FAAAD =3 I Jedidy
9] JlES HER 9r1r2%(Horiba Mexa—8020D)}
B4 (Bosch)® 22 3 JlERE AL

B BREN AN e NAB2E FES REHB
8E Y F AL B9 ob &, Hims BEER P
F7T & BAE F I=E 9, tAER BE

Table I Specifications of test engine

Item

Specification

4 Cylinder, Water-Cooled,

Type 4 Cycle, Indirect Injection,
Natural Aspiration

Piston Displacement(cc) | 3260

Bore(mm) x Stroke(mm) | 95x 115

Max. Power 29.4 kW/1800 rpm

Fuel Injection Timing BTDC 15.3°

Compression Ratio 20:1
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(@ Diesel engine @ Fuel flow meter
@ DC Dynamometer @@ ON/OFF switch
® Dynamometer controller @9 EGR valve
@ Tachometer @ Pressure transducer
®) Torque meter @ Flow regulator
® Rotary encorder @ Thermometer
@ Data aquisition system @ Air flow meter
Smoke meter @) Fuel
® Exhaust gas analyzer @ Fresh air
(@ Scrubber @) Exhaust gas
@ Blower @ Bypass
@ Surge tank @ EGR gas
@ Hydrometer

Fig. 1 Schematic of experimental apparatus

@ Demister ® Baffle plate
@ Water in ® Drain

(® Water injection holes @ EGR gas in
@ Ring EGR gas out

Fig. 2 Assembly of a novel diesel soot removal

system with a cylinder-type scrubber
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EGR) as parameters of engine speed and
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Fig. 5 Effect of intake oxygen concentration on
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