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Effects of Fuel Combinations and 1VO Timing on Combustion and

Emissions of a Dual-fuel HCCI Combustion Engine
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Abstract: The in-cylinder ignition and combustion process of a homogeneous charge compression
ignition (HCCI) engine is dominated by fuel properties. To achieve a more controllable and stable
combustion process and expand the operating range of the HCCI engine, the strategy of flexibly combining
different fuels is expected. In this paper, experiments and simulations of gasoline/n-heptane dual-fuel HCCI
engines were carried out. The mechanism of fuel blending ratio and variable valve timing (VVT) strategy
on engine combustion process and emissions level were analyzed. A three-dimensional CFD software
CONVERGE v2.3 is applied. The in-cylinder temperature field distribution, combustion product generation
and evolution process with varied fuel blending ratios and VVTs of dual-fuel HCCI engine were studied.
The optimization method of economic and emissions improvement of the dual-fuel HCCI engine are
proposed.
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CA ATDC HIIRFEIA A ka3 L TV0=5° CA ATDC NG A RARGE 5 T 4 3° CA, IXZERM 1VO
M-5° CA ATDC 2% 15° CA ATDC J&, fRIERMAEIEIGMHAIESS T4) 3° CA. B4, ZailxtE 12
FE 7 (a) W5 /NI ZIEE G 900K AT (AR B2 IX 45878 55 T AR B o] DL B, TVO FHEIR (6 225 AH ]
(8] T AR 2R AL N IR FE G BT R R, X 5 S50 B AR B BOR AT AEIR | RO E A i BRI AT A
Kl 13 AT A RG=0. 31 [FBEKITE TV0=15° CA ATDC il iUH B (900K ™ 1800K) il PN 5 & 33 43 A 175 4t
5 K& 8 (a) MIFAKIE IVO=—5° CA ATDC ) =i BB iR FE 7 o A i LEml AR B, XF T IV0=15°
CA ATDC FF ELAE R, IRBEARMI LR T 3° CA. LA AR — AN ZIAH AR BOIR S G S, &
TR 8 B 1 i v i X 3R ) 78 s T AR SR B TV0=—5° CA ATDC /)v, 3 B v T I B AR A7 4E )5
17 B 25 R R GL N~ 25 BE e KAE 2008 1852K, R IVO [RHHEIE {8 il JECA RIS, of b S 56 4cdfs T LA
RIS BRI HEE « R EC, i B RS LR 5.

SON-m/1600rpm

-17° CAATDC -14° CAATDC 50N-m/1600rpm

0° CAATDC 3° CAATDC

-11° CAATDC -8° CAATDC

6° CAATDC ° CAATDC 2° CAATDC

lempera(ure (K) lemperature (K) wm,mlg1 852K
_ | . ;
700 00 750.00 800.00 850.00 900 00 900.00 1125.00 1“0 00 1575.00 1800 00

K 12, 13 K. EiEmcAM B T IR 0 A (1V0=15° CA ATDC, RG=0.31)
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FEXUBREL S R BRI B R b, % rp B P2 4150 A8 A0 A2 R B R, DR i k4 B A5 )
(1) 8- 20 73 Hie 45 RAE P BUR IR R AGIEAT 204, ] 14 (a) (b) () Sn T 50N » m/1600rpm 5 fif 5%
N BB IE ] OH. HIEE CH20. HHJE CH3 J% CO BETRLE AR AL AEAS [F) Y L5l K TVO R i) 45 5
AT LA EEE] CH20 1 CO EAGIRIAGERN BOdl 724, T 7RI 25 my i B B (3l VB R], - CH20 A 3R 2D
BAER, CO WA KEA M, HAMEL NIRRT BAERER 5 5. HEN SRR BLaT CH20 #2212
THFE, CO MITE Sl b BT s e, Az UK ARSI S 24724 C02. CH3 (AR AL BH B ARIN T 5
TR AR L B B 3, H/b B i S ARIR B B, HLAR RIS TR] 55 CH20 AT CO 443 FL 24 4°
CA, IXULH CH3 SRTEMEBETT 4 I S 207~ 25 11 . TEARIRBY B R], CH3 B0 v ke . 7EARIR 28 s it
PEMT B CH3 TR F R ARG, AR BRI N, N SR BOS CH3 MRl #EsR R . 35 M4 4] OH
TEARIRIR N B LTI A R, TR REN SR R B B I AR i, Bl e i B A e bl S 15V A
R, AR R AT LLEL S, FEEV LI 0. 31 35K 0. 44, 1F Bkt Lk, (IR Bk bR
FEARALE /N, T R BRI I R % 1 % 100K, CO. CH20 il CH3 (4= s Y ms A5 B AK, 52
e i BT BB OH dpe KA R IR/ 7 30%, XKW CO. CH20 A1 CH3 2GR A RS FZ M, 1 P
[1 OH 5 i BRI BB DA 56 - RG=0. 44 1 CO BARE TR A2 B L RG=0. 31 1 COBARETRI A E 3G N 1 £ 0. 1%,
5K 6 thszib s Co HERUK &5 AT . f)a, XFEEE 16 (a) () AT RAE 3 VO HEIR X455 B s FE 1
AR R 55 PR PG D= A R A AEAL, L CO AT R A TVO HER [RIFEA B .

1.0x10° 1.0x10°

2000 |- === Toewn  SON-m/1600rpm 2000 f - == T ean 50N°m/1600rpm
—cCo iy 8.0x10° 8.0x10*
- i e -] 8.0x <4 8.0x

——OH*10° ] ..
__1e00f o 0
x . X .
_— =1 6.0x10 - =1 6.0x10
g ) g °
2= 1200 |- 5 = 1200 |- =
2 2 B @
o 4 40x10° [ 4 20x10°
g. = g- =
o 800F o B
L 6 = -6

= 2.0x10 = 2.0x10
400 - 400 |-
0.0 4 00
o L L L . ) o L L L 1 L
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
Crank angle (°"CA ATDC) Crank angle (°CA ATDC)

1.0x10°
2000 |-

- 8.ox10*
1600 |-

- 6.0x10°
1200 |-

< 4.0x10°

Temperature (K)
Mass (kg)

< 2.0x10°

0.0

L L L . )
-30 -20 -10 0 10 20 30
Crank angle (°"CA ATDC)

K 14 RIeerh = B 4H 4 BEAET 9SPSR B A8 4K (a) RG=0. 31 TVO=-5° CA ATDC (b) RG=0. 44 1V0=-5°
CA ATDC (c¢) RG=0.31 TVO=15° CA ATDC
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4. G

RSO0 TE BEIGE /PR IHOSURRIE 35 0 R A S AR A e RE AT T SEBS A0 BURFE 7, 0 AS [B1VAH L
il PR ) IE R S 2 A LA AR AR AR BRI R R S G A AT TR R
gl YR A B AT AL EL IR AR . R A0y B B AR A 2R S REHMIRIR . IR IR
BOAT 70, BRI EELRWT:

(1) £E TVO=-5° CA ATDC [I2& 1t~ , VI ELAI0T XU )35 I e A IR A e B BBR e A AL R sE AR /N
bt A6 1E B e LU 3G, IR B VAR RESE A ik, X T iR A BE T B, RG=0. 39 FRIMARHEL
RG=0. 31 MIRARMIRIGEARAIHEIRZ) 3° CA, f i PR B FEAIR 2 60K; CALO T CASO i & VA7 L gol 354
I HER, FLBEEE T BRI, CATO ARALARXSHEIR, CASO AHALARNT R AT ; R AL 2 B L7 )
NS/ G 3G 0, 50N @ my 40N » m fz 30N « m Tt N JAH T 8 5 SR AKX B2 A3l B A3 3 30 0. 39
0.19 J 0. 15 1EBEG LB 3 N R HC A1 CO HERRMIBEAG, ELREE a3 in, HC R CO MHEREI K
MR FEAK .

(2) N [F] AT AR S S XU MR S FIHE O A A RIFE BE e . R3S T B A R SIS
RO BEAR, BRIGEA AL f5 » CAL0 F1 CABO S44fIR , #E S T )3 FAFE RG=0. 31 (4% T, IVO=15°" CA ATDC
AHELT TVO=—5° CA ATDC (A RMIRIR IR e AN s i A AH A 35 AT IR, RIRIA RS AR I ZILE f5 20 3°
CA, HRMRGEAEAILE G2 3° CA; BRI T B AMHEE, (KR BOGAER A D, S Bl
PO Y, BRBERFEE I N, TVO=15° CA ATDC %% 1VO=-5° CA ATDC )= I5B BoIR e it i T 40 1L P
BARZ 60K LEAR RV LA Tl , S0 T8 M B3 RTA R T HC F CO HERU F#(% -

(3) IEFHGE/VRIM AR R BRI PR 20T, VI LR 384 I e R e U (IR FE BRI, RGeS FE R CH20
AT CH3 S5 ] =4 Az /b, B CO Fel R B, @S 1HF 8 28 )5 TN A e e (IR B RIS, il
BB OH AE sl KRk, CO #RER R 1G

5 ZH 3R
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