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Effects of Reentrant Type Piston Bow! Geometry on Performance and Emissions
in a Diesel Engine with Two-Stage Injection

Naoto Horibe Yasuhiro Usui

Hirokazu Tanaka

Takayuki Hamada Takuji Ishiyama

This study aims at finding the favorable combination of combustion-chamber shape and injection patameters when

using two-stage injection. The experiments were carried out with various injection conditions, such as spray angle and

injection timings and fuel-quantity ratio of two-stage injection, using three types of combustion chamber at low and

middle loads. The results show that the strong flow in reenfrart~type combustion chamber makes over-lean mixture

from first-stage injection at a low load leading to an increase in unburned species emissions, while smoke emission is

markedly reduced at a middle load. Increasing first-injection quantity reduces unburned species emissions at a low load

but increases NOx emissions. The larger bowl diameter is effective to reduce unburned species emission for later

first-stage injection at a low load; however, it causes an increase in smoke emission at a middle load.

Key Words: (Standardized) Heat engine, Compression ignition engine, Performance
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Table 1 Standard specifications of test engine

Direct-injection diesel engine,

Engine ype Single-cylinder, Water-cooled
Bore X Stroke 102 X105 mm
Displacement 857 cc
Compression ratio 15.5

Swirl ratio 2.6

Common-rail and solenoid injector
(Max. pressure: 135 MPa)
$0.18 mm X6 holes
Water-cooled

Injection system

Injection nozzle
EGR system

3 LU CooledEGR AT A EEM LIz KIS EERESE 4
AT NVT 4 —B VSRS (Yanmer NFD170) R L. £112
R OTERE LA R T, EH XVIETLE 0. 18m, 6
HObDEFER L. a—VAEIXe=1500 % EHEL L, —&)
DEFHT 12560 LD BHEH L.

BRI 1 \ORTEEEA AV, B L hag ¥
JVEYRGESE D56 IIBEHRC CRWE LD LRI, AR
ZIE<B-T (1. 77Tmm) [EfEHE 15.5 & L, BABNLEHEE
L5, —F, Uxmr hT 2 MEREBESE Reb4 38 LT Re60
i, ERELLEE L LR D, ERREEHEET 5720 5
PR 0. 8mn &/hEL L.

FREEIBIT DAV REB LA v 2 i0RS &
WELED. 7707 AECHT D ATV, B LU
ER L VEEICRT D AKX w ¥ 2 i v/, 2K 2 1SR
T IEZSINEFTOMETH S, BRIFESE Re60 1IPAEE D56
DEHARPRE VD, LEAREEEZ/NES LEEDRY
—VRBLOAF v v afie iz D56 LV, IbicnR
DHAENRBLIZEBNT, bo b bRV ARBLIVAF v
2 JRDSBRL 72D,

EGR 4 RIFAKMGZUECR 7 —F 12 & 0 IR F TAHEIL, AT
KA L7, EGR FIIREF LHEK 0D €0, LD T
EZEL, ERFPEANVTEEM L.

FERGIRIY, YBIEESEET 1800 rpm, AEK A IR 80°C,
A A NS NEIETHIEEE 80°C & L, MEHES I 120 MPa —&
& UTc BN JIS2 Bk (2 & 483K 60. 0, B3 829 kg/m®

(15°C) , HAFEEAE: 45.0 MJ/kg) HEA L7z, MBI
AFHEEOD 20m’/st (BOR 2 LD & &, RIELEL0.3) &,
HRTHFRY D 30 mn’/st 28A 7S, EGR HIIEERY DREES &
EIZ, huaA FNBRYREES T NOx, SRAWE, 3L ORERE
PESHETIRH/E LT, BAFTIZ4%E L, PAFELET
X 25% & Lz

PER A o> THC ¥R E X MEE FID 4 #7 8 (HORIBA
MEXA-1170HFID) , CO 33 £ T*CO, i NDIR 43475 (Round Science
ALTAS12) , NOx 1 CLD Z3HTRt (Yanaco KA-200) , BJEJEEX
FSARAE—27 A —% (AVL415S) #FWCEREILT. %7,
FEJrE Y (Kistler 60524) A>B487- 50 A 7 LOFENE
D&V U TR ARE L OB BRI E 2 k7.
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Fig.1 Combustion chamber geometry
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Fig. 2 Comparison of swirl and squish flow velocity
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Fig. 3 Effects of combustion chamber geometry on engine
performance and emissions at a low load (6=-5°ATDC)
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Fig. 4 Effects of combustion chamber geometry on engine
performance and emissions at a low load (8=0°ATDC)
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