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Abstract

In the homogeneous charge compression ignition combustion (HCCI) combustion mode, the en-
gine has the characteristics of homogeneous and low-temperature combustion in the cylinder, which
can achieve high efficiency and obtain extremely low NOx and PM emissions at the same time. HCCI
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combustion technology has been a research hotspot in the field of internal combustion engines
worldwide in recent years. This paper reviews various HCCI combustion technologies of internal
combustion engines. This paper focuses on the analysis of the implementation methods, technical
characteristics, advantages and disadvantages, and development trends of diesel engine HCCI such
as out-of-cylinder premixing/in-cylinder early injection/in-cylinder late injection, as well as HCCI
combustion technologies in gasoline engines, such as controllable spontaneous combustion (CAI).
The purpose of this paper is to provide reference and reference for the research and product de-
velopment of combustion technology in the internal combustion engine industry.
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1. &

FERSENLE T BRI 4 B be, SR N IR Z 2 A, TR e . g . 2%
MBI Z ARG, NS [1]. X TR S, W5 Es) Mg 5 B e B
M XA . MR SIHLIE e R AR IR R = SR A R BBE B2 A, IBES BN RS~ 4wl
HEBRE Ko LEMmHLET P BT mEh 25 5 2 SRS AR, RS 2SR AT EARAL, R T
fei KA DR I R X, 4350l 72 A2 NO AT PM HE

FEGIRIMALE TR G e Tk Re, 15 B KAEZE S8R, Tmyis B BRI AR, Wi o AR & sy
Pl KR KIGAERE2] . B TR AR SR S50 22 D SR M BR 1), VR A BE R A B R 48 Lu (—
8~12), i B R A S (R R Z R A TS HERE), B, 5053 U i 28 S Ay AL
BN LSS ARG 2, ORI A et LS ALAIC 40% 7245, IRt A% Gy LHE DA oe Al ) Ak
GIGTES

)5 76 B IR 4 5 883X (HCCI, Homogeneous Charge Compression Ignition) & siHL45 & TS5l
JR R B AN SE T AL 48 B R IORR T, SRR FUR &R 2 s A 2 K B A A ke 30, 8 G 7 KA )
8 T Jay 358 600 i DX TR AN B 75 ) e v ARk R, ) 3R AT A KO i b ARG NO ARk P FIEIR 3] [4] [5]
fE HCCI BREBRT, KRENWEA K IR SR Fe i, R IRAF AR A IS S k. X2 H HTTE
H FRYE R A ) A RRBILATIS K 9838 N E HCCI kel R AT FE K R 3 77

2. BT LEmPAEIAY HCCI BRI AR

PASEHI AR HCCI A SR ] IR IR & B BT S =K 1) fLAMIGE HCCI, BI{ERES
MRRSE MBI NI, STERREATERBUR G <. 2) GLNFBE HCCI, HI7ERZE PRI, Seihagmt
NAL, BEEE LTRSS RREG, BEREARE K. 3) GINKENT HCCI, HIfEEYE Bk mUsIT 6
WML, JFEE AR S U AEE A, LA R EGR &, R i S R AR, SERKIRIY, B
DRUEAE AR A SE ST IR &S
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2.1. FISPFVE %M HCCI

FLAMPGR HCCH ARSI 5 AL et < LB, IRRHE B UEB AR HUT 46 5 2 S
BATIR G, BRI SRR & RO AR 784, B R B, HEE S LIMB PR & UE KTk, Gray
SEN[6] 73 BIEA I A s HL_EHEAT 1 SLAN IR & 580 HCC BT S TAE . SEE VE R i e i R 13X
MR & SIEETT AR Sl HCCH AT T, Mt BRI 1 PR . R T7 A AR w5t
J5 2 S A ETE N, [ SR T3 S FAOR A 2t S b A2 R i DLORAIE ) A1 IR & R R, ASE
BUR . 2R A HRIRIREE . I NO, HERCRT LA /D 98%LL 1-[7] [8]. BtAh, [RI9IHER 1 T A VR
EARBEX, A PM S EEALEMR 27%, HIEL T S mfa s AR NG s . Bl
TIRbEE KIS 2B, 2RI AR, 2 Tolvu B b as, S, L HC A CO HEUEL i
17 ELR A 12 7 S, $ORE AT BE 2 bt BN AR 3t B BE L, T HL 5 245 Bt Ui BoRAE BEREL 5 2 R &
PRI S, BEAh, WHEA ST RRAE KRR R To ik R AT ], RIZ 07 RIS PR IR 7% .

2N

Figure 1. Schematic diagram of HCCI technology based
on port injection in diesel engine
E 1. ETHESIEBSTHISHH HCCl AR TREE

2.2. SIR B MLl HCCI

FEGL N RIS HCC SR 77, MR IR 48 o R 5 I IR F 5 2 AT IR A, 5 e
SHRREHAHEE, FLmESe HCCI IR & iR UL A IR BE A 0, s T BT 1T i et = A iR A
AT MK ZACATR G o WG v RE IO, PR 1 IR BRIt b 1R &R
i s (RIS, I R G et T DA R T RE B A SRR (K AT RERE[O] . (HEAEAE [ 17
FEHA: PEFAE R E RN A RMRTEA . o Rl 2 T BORURE PRI ETEE b, S B0
MR AR AR M HC HETSE 2 UL R ARIR AN BEXT RN I Z132E 4T B 342 5% . New ACE BT 5L i) PREDIC
A MULDIC #5224t LA e H AT 22 @] 1) UNIBUS JAKE R Gt /& 6L A 55 HCC BOR B Bt U3 [9] [10].

SR A FL5E HCCI S W I B TT S8 — N AT BEBII RS = ASWHH 3 ) 2 W 85 Wi R 48 (b
P, MBI X =AW A RIS 77 W R AR 20 AT SEEUMAL Y, DABUS (e R
PRGN 5 2R A S AT IRCR[10] o IR ERE W], 1207 RAER AL L EOGs TR 2 RS
FFAEFELEAL T ORI PM RTHARAE NO, HEBUBUR I 26 14F R A FT e, (E il TR A 5 S LA AL stih
I 2 BT B 4R 5 U ORI (] AR, A5 il R B I RCRIE R AN BEAE, NOLHFSUI IR B - Ja K,
A BT 5 AL T A R A R PR R 22 R FE 9 A 000 B Pt 2 ) IF 1) <UL b SRS ) PREDIC (PREmixed Lean
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Diesel Combustion)#Ake 248, 1% KRG TAERS, P/ E W 28 5 H A0 P0RERHR AR <UL demli i, Hih T
TRAR AT 5y, nISRAS I ST AR B m VR AR, AR HLBE A T NOy HEFR

2.3. EIARGRIELESH HCCI

FEHL P JE WS HCC HoR H, ST R4S Fb U5 FFURWEM, J45 44 R w5 i Ak <R,
PR 5 S A RRAER, DR EGR 2, LKA AN, (RUFTER I K BOR &< 6L IR HCCI
T A B B ZHEIR , TR R e s SRR 1 EGR AR, Wi S LG e i F5
SRR AR IALLL] . JEd DA ERORIZE G N, AT LA RIS KATE R BIHLEL ] TR B TR &< B ATE
RS (AT P B g 43 HCCI & H AN Nissan A ] 1 & 11 MK (Modulated Kinetics)#ke R 4t[12]. KH MK &
SR AHIALE 1998 FHARAMEA, HAH AT . MK RE0EHER B (7°BTDC~3"ATDC), K
EGR Ze(fli 0K B FF 2 15%~16%), VARERH KA, (EmE i A 58 7R ORI N S8, A K RTTE A
FLE S TR AR . N T g B8, MK 2GR T Bl R 8. A 7 E K35 KR,
BRBIWLIEAE LN 18:1 B3] 16:1, I H KRR EIM EGR. [FIN A 7 8 5 i 48 LU BRI VR4S T R BE 1)
Nk, BR5EE EARMN 47 mm 0% 56 mm. X — Bkt g B B T ¥ 8 S HC HEG 12 PM
FIHE (N T 1.0 BSUYEE#E— 2B BRI

3. ETIRMBRIA HCCI MR ZAR

ML HCCI (— & LARTH% [ #8, Controled Auto-Igtinion, CAIl #144)5 SI R EIHLA L EA : AT
T, EONERAR R BRI AR, BOARURIRD, AR AGKER R T REER X, RORRE B R
NOx HEI &R sl (A2, SEILSEH A CAL KBINABLE e il — BRI A B e R s K 21356 12
TG B S ) . BeAh,  H TR RRE S e B AN B A IR B A, RIS I CAL R IE 2
FR DRI 23 SR A SRS IR B BT B A KRR — A O 1) [ 13] [14] .

HAT, BEEAEVm R B A K LASEI CAI BRR I 7L B LU R LR A0 s K3
AL, KA KPELF IRRE A SR SRR (EGR) 54 . ot EGR W] DL my it e B IR I 2 B R
#F-k, AR EGR AT BISHEASMRMIMER, X% CAl HI#E KIS ZI Rk b FEfhlJE o E 2, Ak
TREAR KIS ). EGR 4840 EGR FIN# EGR. Wi, A4 EGR, EGR S 4412 K
W9 150°C~200°C, HIfE >4 EGR 21k F] 70%HH {7598 A RESL LI 1E & S [ J6 KA ZE fUKH CALRKR . (1
i, RN EGR I, RAEH TS T RSIHLUIEL 36% AR 1 S 5t A SE I CAL RKE[15]. X%
B, JER AN A EGR TEEIR A KN 21 DA K BRI R e S ek 26 77 T B A BRI 7, (RAEHR A AR & iR
FE, ARAS e e A YRR AR BT T A A A A8 EGR. b4k, A1 EGR 425 il HEHE 1w )84 LE A
#EGR 8. Pk, Lo = R M EGR & & Al AT ISl CAL R I R ig 1%

YR A EGR [ CALL ILRIE i 2 12 36 T a4 S 1R 1) CAL #hke. Jodr, HR¥E A
EGR 42l S B (A [F] 7] 23 9 Wi, —Foidad e HE P R ROGHE ST, DASEIL— 8040 IR R B AE LA
R RAIRE L A RIEE R PR F AT IR HER SRR HE SRR T RS T R ]
WNRE, ARG AR SATRE ok B ASORH 8 78 B[R I RN ST PR R SO R . BF TR, IR P R il
TRME A T & — R, 0 AT DK DR RF B il 1) ORI SR B AR ST, DR SEIRAR E 1 CAL BhKE.
HMZ FEMTE S AR A N THRTE SIBCF s, A RIEZR I HEHE ST 45 5 SR 2R T
JRAIREAERIE A, AR TTEAE R 5604 T & BRI R NAR N B 22 (R fef 7e i, TR b mT DASRAS LU SR R <k
FE LR R IMEP, 171 R A5k B 1 S IR SR M T 25 5 o A3 IR 98 3 6 2 BEHE ST )5 IR TR S 48 AT B ML
(4-Variable Valve Actuating System, 4VVAS) [ SGLIRES A BIHL L, XF FE T P30 2 U R 41 SRS 1) CAIL B2
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BT 7RSS, ik A B e HES e A TR, BT DO CAL R e it AT 45, & sh AL AT 7554 3% v 1000~4500
r/min LA IMEP 24 0.1~0.45 MPa I AHXHEER 1 T 0836 BBl N SEEL A E 1 CAL ia ¥ , BRI £ B VR4S 21 2,
NOx~ HC 1 CO HE A Fris > [16]. Ak, KWL RTTE SI A HCCI PIFPBE 2 8] P I 46, DR e &
futar T, RANHLAT )43 SIS e DA 2 5w D) 2 H 22K .

4, B5RIE

YRR K (HCCOMABE B AR ZS T SKBL N IARL R ARTS B g e, ek —EH RPN
TAWLIE BT ST IR o (B AL 38 5 RS JOHRBE IR A KB M e 75 2 SR8 R % 1 Sl HCCL R beit 72,
HI TS BORGBER, TNkl e, TRE U SO R B AR SO R P e, o S el RRUSE IR o A
o5 DA S B Jo T AR K IR I 7 [ o 1 AR A R (I AR A s o HCC BRI T 43 ML A 2 oK 1 v
LR 1) ARSI, I EHAREE BB R: 2) 1Rg AMHLIRBEE [a) T B R A I A e
MR IR R AR 3) GBI NO, HEB A 2 T-BL

SE
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