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Performance and Exhaust Emissions of Diesel-PCCI Combustion with Wide-Range Control of
Injection Pattern

Naoto HORIBE"!, Masato YAGI, Hiroki KUWABARA, Hiroshi KAWANABE, Takuji ISHITYAMA

*I Graduate School of Energy Science, Kyoto University
Yoshida-Honmachi, Sakyo-ku, Kyoto, 606-8501 Japan

In order to search an injection strategy for partially PCCI combustion implementing low NOx, low smoke, and low
maximum pressure rise rate, a series of experiment was carried out using a single-cylinder diesel engine equipped with
a dual injector system (DIS), which includes two sets of common-rail injection system. The DIS enables variable
injection rate for each injection pulse and a wide-range dwell between injection pulses, including even negative
injection dwell. The baseline injection strategy was three-stage equally divided injection. The effects of injection
timings, ratio of injection quantities, and second-injection pressure were investigated under a condition of constant
speed, constant load, and constant NOx emission concentration. The results show that significant reduction of smoke
emission was obtained by using the three-stage equally divided injection, while maximum pressure rise rate increased.
A combination of increasing second-injection quantity, reducing third-injection quantity, and lowered second-injection
pressure reduced the maximum pressure rise rate, keeping thermal efficiency and low smoke emission.
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Tablel Standard specifications of test engine

Inj.F 13.5 Inj.R

Engine type Direct-injection diesel engine,

Single-cylinder, Water-cooled T ;
Q
Bore x Stroke [mm] 85.0 X 96.9 g
Displacement [cm?) 550 ! i;:
Compression ratio 16.3 \'¥
\\
. Toroidal \)
Combustion chamber (Cavity diameter: 60.0 mm) \ -

Dual injector system, Common-rail
systems with a piezo injector
(Max. pressure: 220 MPa)
$0.115 mm x 8 holes nozzle

Injection system

Supercharging External supercharging
EGR system Low-pressure loop EGR Fig.1 Nozzle-hole arrangement
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PERBEESI 1T SR D 2 L — L REME ST S (Dual Injector System; DIS) Z #5# L 7= /K BLAUH 4 A
7T 4 —B R R . BB O FEEE LA E 1 IRT. MBS L7 R OMEEE L, FnEh
MSE LTS - K] - BAE T 5. PO OO 13.5 mm ThHh 5. MEFLEG0.115 mm, "
LI 8 o v ERENRIE SR 2 VY, X1 ISR T K D ICENENOES R ORI ELS 55 mm O JE L T5gb
DWEAALE & Le. 22T, WRIMUOER A F, HERMIOES %4 R & RS, BRI O£ 60 mm O
bm%ﬁw@%ﬁwt.#ﬂ;owfiﬁﬁw%ﬁﬁéntw.

PRSI FH B O A BRI 2R 2% L CRERAIRIERSEE ne 2 1500 rpm, WAUT 3 L OWERITE /1% 102 kPa
(abs) & L, WHERATREZ B8 < RSP 2hE ) IMEP, 75 3902 kPa & 72 % L 9 (CHEE B2 i L7z, RBHIE #
VRER 55, EEE (30°C) 819.6 kg/m?® ™ JIS 2 B% A FV o NOx HEHRFE % 5442 ppm & 9% X 912 EGR %%
FHEE U7z, AR AR 2 80°C, JETEIMIEE 2 80°C, WAIRE % 50°C, HIEAR Y 7 ANBREHEE A 30°C &
L7z, AU—VIIE 13 TH D, HR Y — N3 —EH T 0 OWEF N 4.3 mm?/cycle £ 055 & = By 2 HAR
W= b L, TEAOMKNEEZESEDLTOIL, —BB & CEBICIMERNAF 28, CERICIEENAFR
ZRWDWES /N2 — 2 FRF 28 H L7, BSREIHMRARIERR S U CXRED 135 MPa A8 L L7z, 97, =

EY RO ORBLTE L-. S5, FEOWEF ST A — 2 PNRBEICRITTREBLE LA T2
Z B BN IR O b B BN ORE) - [£) - BEOREEZ A LT,

ZOWE, TV AN AT EE (Horiba MEXA-1600DEGR) 35 X O A E—27 A —# (AVL415S) % A
WCHERE M 2~ 72, BNFREIZEER o (Kistler 6052A+5011B) & FWTEHAI L, 50 Vo 7 LK fR
JE L 0B AEFRE RDT-.
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Fig.2 Effects of whole injection timings on
performance and emissions
(ne = 1500 rpm, IMEP; = 390 kPa, NOx = 54 ppm)
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