Engineering

Contents lists available at ScienceDirect

Engineering "

ELSEVIER journal homepage: www.elsevier.com/locate/eng

Research
Engines and Fuels—Article

FUHEAR RS RIS E IR WA K RERY SRR 3

* State Key Laboratory of Engines, Tianjin University, Tianjin 300072, China
® Guangxi Yuchai Machinery Co., Ltd., Yulin 537005, China

ARTICLE INFO HE

Article history:

Received 15 May 2018

Revised 8 October 2018
Accepted 25 December 2018
Available online 28 March 2019

FRIHERE (GCD Je — Ml R R FTSIARHERG S8R IR RO . SR, R FAF R be A e ME ATV
JA B GCLIRBE IR AP KBk AR A 7 AR RIR G R L, BEFEN R 7 T EE M (NVO)D
WS SR O AL« AT B R AR SRNG, SR, V)R B AT SR AR . AR SCR F RS IE
SEW LI GCL RBNHLA B EN I VIS AT AT I 5. AR TEAS & 1 NVO- L YRR 55 B A E = Tk,
PASEBAE A BN T A6 T GCLURBINLIAE SRS AL 0L . 45 SRR 0, WM T a6 %) (SOD
FERE A RRIN B AT S BRI 2855 s SOI 8 I 4 b R 1 1) W] A R Jee R L/ T Al BR s+ SOIL £

;?ﬁﬂ \ NVO 3911 1 77 S B 3 HLE 74 i AR K0 T 4% 1 F IR MRS . 5 FE B NVO 1B S0 L

N AR £ O R P HR S FE DRI, 2% SN 20 B T 9CBL GCL A BLEE A, (5

gh?f)LAI‘R AR, SEI GCT R BN KO 5 2 — S hl S i, Wik <k, BLUR 3 — NG KIEH .

ﬁ‘;:mﬁ,‘;@ I NVO 5. LA AT AN H S, AT T GCL RENHLIE 5 A BRIRIEER A 11 A
WHTAS Ko JRENIERRAE SRR, R LG PR U B T SR AT

HRpERS e © 2019 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher

Education Press Limited Company This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1.51F AHAL FHETIAINO, X PMIEAT A A H1[8,9], 2 SRIRAL

XA TR EIEE SR SHEIER (EGR) 2, XA
R AN Dl 22 FE Ay R SRR . BRI, SR AMIK
TANBEAE A, R B ARIR A, AT LR
NO, 5 PM 8] (ALK ] @i 10-12], XA H THEEKE K

B se IR (HCCD #ke A LBl IR A A AL
¥ (NO FIRRLY) (PMD HEFWWE T, [F B L e IR
FF5 SRR 24 I R ROR [1-4]. B TREAN S A/

TARBEAME S ERRNE KT, HCCTABEE R R,
WARR S St Al A . (H i T HAE K58 A Ak 22 R BBl
F51EH], PIUEHCCUAR S T4 v [ 52 2 fR . 71
RFEEIEHR (PCCD) 2 38 i Mg S I IR R 4% 1l R e A A6
K —FhApe it 0. ZMMBERE S & T i S iR e 5
HCCURBE IR L, FERABETT 4R A 75 K WA 58 4 T A A
beE, DAt 2 SR R A I RE[6,7]. D T R RARE

* Corresponding author.
E-mail address: whq@tju.edu.cn (H. Wei).

PRI RN /2 SR A (1334 T R It [a] . VE 21
FEN FB T DR R I PCCUR B, SRR AR
HEHR (GCD BRBetist, SEELT RBIHLE MR
AR5 G [ 14-16]. fEGCUREEH, K5 EHBRK
REPE I IN T A SR TR A I TR], T 78 40 (A VR A B TR AN
R R ANEALAS GC LR BRI TE & 747 26 A8 T AKSR AT A
FRAKAINO A PMHAEAL «

#These authors contributed equally to this work and should be considered as equal co-authors.

2095-8099/© 2019 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher Education Press Limited Company
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

: Engineering 2019, 5(3): 558-567

: Lei Zhou, Jianxiong Hua, Haigiao Wei, Yiyong Han. An Experimental Investigation on Low Load Combustion Stability and Cold-Firing Capacity of a
Gasoline Compression Ignition Engine. Engineering, https://doi.org/10.1016/j.eng.2018.12.010



SR, GCIBRBEAEAR i far 2641 T (136 K MEREATI A8 2
—NE AR R AR 2R, BRI R sk AN
BARKI A SR E S FBOL K B S BRI, TS 8
AR R R RR P AR S RN Z2 I AR AR E 1 o HETRFA[16]
A E[17]. ARTTESHA (NVO) [18,19]10L Lfift
F14) M5 Y1 % % [20-22] © 4% 1IE B 2 3 i R v 2 <K 6 0 AR
Letee YA B0 1. SR, BTN TSR
FIHES B RE A RAR, PR bt T AR A 3k <4 e wfE DA s
Wl NVOZREES A A R 38 MR E AU /) 2IRES, 46
T KA IRIA, LT SEBLGCI/N 97 17 25 K 0 B SR
1K 2 BorgqvistS [ 1918 FH NV O BE 1 GCIHIE £ far
W IR 2 £]0.19 MPa 3 Fa 7~ k71 (IMEP). fEMTIH
W& J7TH, Kolodziej5:[20,21]5 ¢ H, H 6T N AFTEIE 2411
BRI 43 2, BRI AR Rt 3l e A R T 4R R GCT
PR AT B R o e Ak, ZENVORT - w5 5 R B, Hh
TAAAEEE TR Y, R BIHLPT R SR R A
/7 SR A LI AR E BRBE[23,24]. N VORI
BRI, Hunicz[23 )4 GClixk/N i fur T IMEPH JE 2] T
0.14 MPa.

TE IR B2 FHIG A7 fuf R e 2 e PR I S, NVOSE
WS AR T S SRS A A SE PR R B L A S S 7% E
GCIR NI PR TAEAE T, BlAA SCERF IR 3 2 1
T A BRI VA JE B ) . YaoZE[4)3EH, AT Wik
AR B RE R A KA AER 1), R BHL T RE 7R AR
R R B 3, AR5 &I B RE I T AR N [a) S D4 3
GCHER . SR, WHRKFHLLLKIEZE ik (SD B
JAE, M ER BN KAETE . SRS,
XA RIS TINE Z . Beoh, ST B GCIAE
KT ESTIER . R E . SUKIER . Wi
BB PR EAR A, X R RIE N 1 R Bz ) b HE
I H )i B2 1 06 98 <2 5 RS HH AT DR B, 5 A 2 B &7 &
FE o W RBNHLR AL G Se i ke 7 3 3, )RR
RNR NI IN—E = R R L TR S S fE
W5 Sk ST, 36 R B LA R T RS AR R R . ALt
KH GCIR ke 7 B JH 3 KAWL 2 — MR EF it T7
%o (AGCIA Bl K iF 2 et B R REH, JF H
H kT GCLR LA B 3wt i dE %A B . Kalghatgi
FlJohansson[25]#8 i, 7EGCIN F T 52 Fr KWL Z |1,
T EAEV R BT T K& TR TAE.

BRI, ARSI AT H bro i A A R 1 24H A 52
GCIRHWAEAHRE AR E S K. BT ANVO, il

PR R i B 3 S TS BLG C TR S LIE A T 44 R
M6 IO RE o AR SO PR B T LR AT 1 58, ALFE A
M. AR TS IRMA B L. &%, W
FUEGHL T AN R A S T R e e e P, e T RS S
RANHAEA DTS (RIRS A HWEEEED F TAE
AR S . Uk, XHEE T GCLR B AS [F] 155 i S5 s
SRR KEETT, FRSEEL TR HLIRES T GCIR BN
POk & K, NSRS ENME. FER LS,
AL O AR FEGCIEE KSR, 1 20 T 35 KOd 2
HHHEBA A R, IR TE JE AR TAE Hon AR e R AL .
AHIERIWT . FE28B 528 1 S R B AT X
TWs S 3HBIr TEAS R VA ENIRURE 26 A R XA [R]85 5
WEIEAT T OB, IR T AR S SRS T GCUR BIHLIA
JABEETTs G, AR A T A EEL .

2. RIRE SR E

2.1 SEIGHEE

AR FH T DY R 7K A A Ricardo E6 R ENHLIEAT
SEAG, WE AT R RBIHLEC & T T 0 i 40 oo
MG ZE, DASEBLE ELE L. R SIHLIEL AR R 2 301
80 mmA1100 mm (LIS RN E 2 AASEH LK.
SEEGSRFH17.5: 110 =y R 4 L SEILG C IR BE, R H A il AR
SITHE (VVA) SEBINVORURIE /N it R B R A
SEIG SR B IR T ARG, 3 5 ) % e
WS I ENE 20 I R SR AT R . AR SIS A () mE
A2V T FVDOE M #s, FHmiE A N THEIE
W% Y101 245 A5 FH VAT P S (R 8 55 SO B a2 s, SRS
HH R 59 R 7220 MPas

BN R SIS 56 28 BoRn = . R shHLFE 3 B
DZC-20 - B M DAL #2H], HARZEAE £0.2%. GLE1E
S 2 ARG R E K Kistler 6118BJE J{L K s 47
KA, HiKistler 5018 LA UK AHFEATAS S I8OK, FFiEid
PRIGE S3 AT I SR A BT o 3BT G F G B 2% 11 R0 25 42 ),
FLEAS S RES PR NO0.1 °CA (HiFhEM). KITTT
FEHKEYENCE EX-422Vii & Bas il & . 5256 R H
Joi AR AR AT R, VS N 0~6 kg h
WA R 228 £0.2%. & H1 AN IR R A Siemens
PID#Z &5 E AT W AN, RS 7E £2 °CRAN .
R AN 1 5T B & R H Toceil LEE060 i & 1 iE47
W&, MEIRZEN+1%.



@ Common rail ool tank
% | uel tan |
- % — 7S
e L

T T I Fuel bump __& b
Comblustion * Fuel supply
analyzer —_ -

— i VVA controller I Fuel consumption meter

Displacement
sensor

Accumulator  Qverflow valve

VVA  Solenoid|
system valve

Hydraulic

cylinder
Exhaust

plenum

Exhaust

Hydraulic

Dynamometer =

oil tank

QOil pump

Intake

=St

Air flow meter

Intake
heater

Intake
plenum

[ ]

] Dynamometer

B 1. KANHUE IR S E . VVA

®R1 SERRAHSH

Item Description

Engine type Single cylinder, four-stroke
Bore x stroke (mm®) 80 x 100

Sweep volume (L) 0.5L

Compression ratio 17.5:1

Valve mechanism VVA, 2-valve

Combustion system Compression ignition

Injection system Direct injection, piezoelectric injector
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Parameter

Value

Engine speed (r-min”")
NVO (°CA)

Intake temperature (°C)

800
Symmetric 140
15-55

Coolant temperature (°C) 25-65
Intake pressure (MPa) 0.1
RON 92
Injection pressure (MPa) 20

RON: research octane number.

R3S T TR I R R
Property Value
Lower heating value (kJ-kg ") 44 000
RON 92
Molecular formula C5-Cl12
Density (kg:m™) 700780
Stoichiometric air-fuel ratio 14.7
Heat of vaporization (kJ-kg ™) 373
Boiling point (°C) 40-200
Ignition point (°C) ~427
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Coolant temperature (°C) Injection strategy SOI (°CA bTDC)
65 PPC 32,42, 60
HCCI 290
NVO 400
45 PPC 32,42, 60
HCCI 290
NVO 400
25 PPC 32,42, 60
HCCI 290
NVO 400

The intake temperature was set to 15 °C and the fuel supply was set to 6, 9,
and 12 mg per cycle.

The injection timings of the PPC strategy with a fuel supply of 6, 9, and 12
mg per cycle are 32, 42, and 60 °C A bTDC, respectively.

RS GCIA AR K956 Tt

Coolant temperature

Intake temperature Injection SOI

(°C) (°C) strategy (°CADbTDC)
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NVO 400
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25 NVO 400
35 25 NVO 400
55 25 NVO 400

The fuel supply was set to 12 mg per cycle.
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