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Smoke-Reduction Effect of After Injection in Combination with Pilot Injection

Naoto Horibe Issei Tamura Takayuki Hamada Long Liu Takuji Ishiyama

This study aims at obtaining the after-injection strategy to reduce smoke emissions in a diesel engine, where after
injection is employed in combination with pilot injection. The experiments were performed using a single-cylinder
diesel engine under various conditions of pilot and after injection at a fixed load. The results show that small
after-injection quantity with short interval offers reduced smoke emission. Larger pilot-injection quantity provides larger
smoke reduction from the level in the case without after injection. The smoke-reduction effect is scarcely affected by
pilot-injection timing in the case of a larger pilot-injection quantity. These tendencies are explained with attention to the

interaction between main-spray flame and after-injection spray.
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Table 1 Standard specifications of test engine

Direct-injection diesel engine,

Engine type Single-cylinder, Water-cooled
Bore x Stroke 85x96.9 mm
Displacement 550 cc
Compression ratio 16.3

Reentrant type

Combustion chamber (Cavity diameter: 51.6 mm)

Common-rail system with a solenoid
injector (Max. pressure: 180 MPa)
$0.125 mm x 7 holes nozzle
(Spray angle: 156°)

Injection system

Supercharging External supercharging

EGR system Low-pressure loop EGR

F1% 1.19 bar, WRIBES 35°C & Lc. 12721, HESEER
R L Lz, BEHT JIS2 B8kl (e& 488k 54.7, BE

(15°C) :820.2 kg/m®) ERWE. ERICHIZ-TE, T
Z—IEROFEBL AT 570, BREEOBBII L TE
TERENBRENCEL T 2 EBREERATE. Thbb, B
JES3 p;iX 90 MPa, A L WESHRFHAG, ., 1% 1°ATDC & L, KR
¥IAZHES IMEP % 1. 01 MPa & L7z, &5iT, EGRBZFEL
T NOx HEHIREER —E & L, 15045 ppm & L7=. XU —/Lthid
1.7& L7

HES PO BEEEE IR AR A E—7 A—& (AVL 415S) ,
NOx % CLD 43#73t (Yanaco KA-200) , THC JREEIZINEVE FID
434TEt (HORIBA MEXA-1170HFID) , CO 35 TRCO,i3 NDIR 4347
#+ (Round Science ALTAS12) #FAWTEHAIL7Z. 7=, EH
T (Kistler 60528) A BBRFFEAESID 50 41 7 L
B L0 BRAERE RO

3. EBRRERBIUER

3.1, T 7 —FERSMSERE - HERICRIET RS

T, BELE/ M oy NEREH (BHE g4, =4m’,
PESEERAG o = —19°ATDC) Db & TT 7 X —IEFFHIL B
Tl EBTERET 72 T 74 —HEHE g, 13 2,3, 4 &
L, 775 —MEREIG,,.,. TEE L CHES & 2 Bl BErs
235 21°ATDC ECOFMATELS . K2 K7 7 ¥ —WEh
BFHAG oo ORI T DBER P DO EMEIR AL Smoke, THC JREE, CO %
EE, EORZE ny,, BIREBGhER, BNEH EAE /G, %R
T B 7 7 2 —EEEZAVRNWEE (Sfay b+ A
A VS, F—0 IMEP) OFERGLHFETRT. 2B, 77%
—IESER A 12°ATDC & LIz DAL UEFHKTERRAL 7
7 X —WEN B AORIRRIY, T X —ERE 2, 3, 4m’iT
LT, 1.3, 1.5, L.7°CA &725%. $7, K3 IE7r 74—
EREE 2 md & Lz kX OBREERERT

oM uy FVEREETIR, BREANLEERIZ
0.3MPa/deg BREL 720, +MELIMA BN, T 7 ¥ —ME5H
KA B 5 & Nox B—EITR D7 9T EGR FEEMX w3
VERHD. B3 ITRT LI, T 75— 8 OBGEAR
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Fig. 2 Effects of after-injection conditions on emissions
and performance (gpilot = 4 mm3, Gt = ~19°ATDC)
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Fig.5 Effects of pilot-injection quantity and timing

on smoke and performance (gafrer = 2 mm3)
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Fig. 8 Smoke emission against
after-injection quantity for gpiot = 2, 4,
6 mm3 (Gitor = —19°ATDC, Gagier = 12°ATDC)
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