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Simulation Study on the Impact of Ethanol-Doped Reformate Gas under
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[Abstract] To address combustion and emission issues in the lean combustion of gasoline direct injection (GDI)
engine, ethanol-doped reformate gas was used to enhance the engine’s performance. The CONVERGE three—dimensional
simulation technology was employed to explain the engine’ s performance at a microscopic level. The results show that
introducing ethanol-doped reformate gas can improve the distribution of equivalence ratio in the cylinder, promote the
generation of H radicals and OH radicals, facilitating effective combustion. With an increase in the doping ratio of
reforming gas, the distribution range and concentration of HO, and H,O, become wider and higher, and the stratification
phenomenon in the combustion chamber becomes more pronounced. As the doping ratio of reforming gas increases to 20%,
the peak values of in—cylinder soot generation mass and number density are reduced by 90% and 56.25%, respectively,
effectively improving the soot emissions of GDI engines.

Key words: Lean burn, Ethanol reformed gas, GDI engine, Combustion, Emission, Three—

dimensional simulation

(SIAERK] A5 5, Tk, BREE, % MR 0 T 55 2 BEE 8O B ETM LR e SBRU8HERCY i (9 07 ZLRF S0, 154
iR, 2024(2): 47-54.
SHI X Y, WANG H Y, DUAN Y F, et al. Simulation Study on the Impact of Ethanol-Doped Reformate Gas under Lean
Combustion Conditions on Combustion and Soot Emissions in Direct Injection Gasoline Engines|J]. Automobile Technology,

2024(2): 47-54.

RAH AL EE , Y3 BT Y B ( Gasoline Direct Injection,
GDI) A Sl nT ARG o il TR & F i R4 L 2k
VUL R BRI R S FRRE A 63 ) Ve PRSI IR A2 S A HE R, B 7551
BN AL GE T IEW (Port Fuel Injection, PFI) RILFHHET o TR ARG BORAECRAIE A ShHILB T1#Y
LRI R A S T AR E S I S TP e IR (KFY2229) o
WEIEE 17555 (1979—) , Wk, @I, FZERTE07 10 iR 4 R SR BE 19 RE S HEEGA ] , shixy@tongji.edu.cn.
20244F 5240 47 -

jifl?

1 8/




17558, 5 FRIRRAE T 1858 L 5 SO0 EBE LI bE S R HE TR i 14 5 BT

HIFE N, AT LA SR i & S LSRRGS AT 3 ) Bk
I, AR AR AZ B 1 T2 OGN (B R b R b 2
SECR L TAEE RS, B NO.HE

R AR AR B T R R bE S HETR R R, 583 KA
WRABR LS, = 1T TR . Al w AN
TR SN — T A AR, AT E—E TR ik
B RHLTAERE . SR SAE R SR A B
7, BB R RE S IS ST RYIR G U A, i A vk
BRBE P AFTE AR PE AL IR, 2 LARRRI ST T K FH i
SRBHN K ZHL B ) PERE R B, A Bl 1ok 5 FRAC 1 K
FEHT A 23 PR LA AR T LA & shALHL R B R 4
Fo BURNEHRTY T Ol E R R ShHL TAEPERE RO
W) , 2 IR R A ) T B R BIL IR Bl o e, DD # e
TR S, BEAR HC HEBCRE B 5 51 & B R #Y CO FINO.
HEliE . Atsushi Shimada 87041 1 AN [6] e 45 LA 2S 1A
FE , B U0 R SRR AR R 520, 25 2R B
TEE48 H o 15 I, Bl A 30 4 AOE e Al s SR LL R 36
R ANIUIRECRG LT, 255 PRSCR I = 31 43.8%, 15
J NO HERCEESE o

H I, A Sl F R SRR ARG LA ER
M BIESE i AN 42T, 41 75 T35 YH H GT-Power #E4T 1
BRI —4E07 B AT AR IE T AE R B
e d 2 000 r/min, ¥ 34 246 78 [k JJ (Indicated Mean
Effective Pressure, IMEP) i 1 MPa [ T T, it a8 K
REH 1M E 13, LB EEABIRILH O IR
30% I, BV IAIL 0 R e A e | 22 Tk A HE T M g
T ARG R A — 4 BT BOR B 45 R ok
KRR I e p A AR A4 THOUE AR 2 e e S s AL P R
T, AN B CONVERGE = 445 B A 5¢ 1 1 ot
TRAIMHLSE B TAE R R AOREALL , URIGE e AR BT OC B Bk
VA3 A 55 £ FEAR R EL TR AL B e O I BB U 9 T
VERRPE

2 REES

2.1 B

AT 5% W Unigraphics NX (UG ) 8k F 2 i) B Wi A&
L= AERRL, FEHRSEMNR 1 7R, IR
WA AT S AR, R 1a TR o 8] 1b s A AL
it Y B8 K Sl HIL I = 2k T LT A5 7 2 i IO A 30 4 ) P
R AR K AR TE AL T AL IR OO WA
SRR SF 00, S 3R AT, AR S S 85 5 10
WSR2 , A7 16— AL D 22 , 15 260 R
b

—48 —

R1 RPVEARSEY

ZH ACE
LA 4
B2 ML e
B A& /mm 82.5
AR/ mm 92.8
H/L 2
SIEEEA 4
R4 9.6
TRV 147
R340 - min™! 5500
R

(a) &ML LT

o

HEGH

(b) 1T P A ASE 7
S O /.7 5| o Y K R
22 YEEERREE
HRAJE C A BT TR A A R v R H A 4 BASE
AN 2 Fis

x2 WMEEEINGE

AR LB Rl
=Y is 5 FAEAL RNG h—eiiit i 570
ot | TR SR ZE B A 48 S (Kelvin—
| &}{ N A
R Helmholtz & Rayleigh—Taylor, KH-RT )41
T 3yt 2] #EJE?*?MI%VJ(%E(FH)SSHHg Drop
PRI SR S 2 A= o
KRB A Evaporation ) f&71
JORTHIVC T Al R BEIE (Wall Film )58
SN ELBHIE &l (Kuhnke film Splashing ) &4
KALFE K et (Energy Source ) 57
RS T SAGE i

2.3 EEUBFGHSHREE
TEFE A TSRS E RIS R A RIS T, BB
T SERE AR RS RS R 4 mm , HEAEST B A IBE0 25 A0
RS A5 T AR IX AT 3 AL G /Y
AR 2R o (5 I R AUR SIS 4
"o A



17558, 5 FRIRRAE T 1858 L 5 SO0 EBE LI bE S R HE TR i 14 5 BT

IR e B HER B TR AL TAE AR, 6 ZEa1 Sl A1 (1 il il A
FEA L 1 5 B -360° CA I B 4 e i = HES I 1k 2580
360°CA , H:Ar 0°CA A M 45 -1k 5

£

(c) FAES T D2
B2 5 AR e RS s
ARWFFE T O E R« K S HLEE 8 4 2 000 r/min,
IMEP 2} 1 MPa, Wil 52 Hij £ 24 —280°CA , 5 #& < Wbg 55 £
F=100°CA , 3 F 28 R KA N 1.2, JEHESE A RS 4
B2k 450 K 1550 K, 175 ZE THURI AT BE IRLE 43 3124 600 K
F450 K, #HTE A H R BT i 3 o i 3 9 20 HESC
TEH SR i A5
P B B b B9 DA S 8 (1GsH ) 63% | 1F B
(CoHie) 17%F1 H 2 (CoHy) 20% AR FR L IR A 540, 4K
BRARL S (H,) 12.5% F1— 4810 Ak (CO) 87.5% 1 i 1t L
RAEREBOEERES ., EEIBIRLAITE R T
SERE 1) L E AR i TR AT
Q(H, +CO)
O(H, +C0)+Q, (1)
Kr: ¢(H,+CO) S 2 E S BIR L, QH, +CO) I
Q. 43 A Fh 2T EE A SRR 58 SRR I BT P A g A
o,

20244 23

$(H,+CO)=

O 1 —2E 07 FLA5 VR, RSB IR L E 20%
HPRCR AT, 1o 2 1 3 SR BT N A bl
B, =L 4343 3R 0L 10% 1 20% 3 FhB IR Ly
RGBT TR ST, 20 51 8 REO \RE10 fTRE20,
T RE R U AE AR B B SR AR ), 275 4 OG5
BT AEZS 2 PR 3 SR W RSS2 A FE WS
T EON AR, AR LT R A B B N 3
IR

®3 FEEESISREL THRAMBIRK B L

\AE“@ N 5 S IR - =
s /°CA /°CA
REO 1.763 3x10~ 22.689 0 0
REI0 | 1.587 0x10™ 22.689 3.644 6x107° 20
RE20 | 1.4107x107 22.689 |7.2893x10°° 20

24 RBIMERE

Ry URUE T A ST B A RS R o B P R G e
%5 34 2 000 r/min  IMEP=1 MPa A=1.2 1) T.% T % #5571
HEATARAE o B AN 00 505 B T A0AHIR B FARRE
95 S YRI5 /K L BE OK BT AR 5%) i 50 TF
JEZHT L, TE25 CHYE IR T, 75 95 SR BIR
0. 10%F1 20% (1) & 7K LB , il % MU 96 I 75 3 R A 1
BIHTR AR E0 E1OW FIE20W . 8] 3 FI&] 4 ARl fY
PR 25, NI AT UE A bead R v T 1 ) A
IR h 2 505 RN E A I RIRZE(EH R 5%~
7%, fE AR 223G N . 1B 3 B4 R BT S ) —
YERSTH BEMERM AL B BETIAIL A T AR AR, vl R AR
RITF R J5 SeAl 3 T A

— F20W iR fE
s E20W 5D
....... E10W B0 i
- === E10W BEl{E
3000 EO 80
— — - EO B
2500
2000
<
= 1500 b
|
1000
500
0 : : ; ! '
-110 -60 -10 40 90 140
i £f1/(°)CA
&3 R bR
3 RS

31 ZEEESBRLGRETENZN
& 5a. 18 5b. & Se 43 5%F He T 3lES /1 A—10°CA
F]20°CA 1 PN FRR A BARHIR e | 24 L Al o)
— 49 —



1758855 TR T 1B e L B AR SO0 BT IMATLRR e S MR-HE R W (415 B9
BEFEIRBEE NI4T o N Sa el LI, L
SBIR AR S R T EON S R X A T AR, Fe i & RElO RE20

BRI TIRGEIAEL IR 1 IO R L, 12 @ Q Q

B THRR FEHIRBE AN G TR
-10°CA

it B il /m’ - s

— E20W 0
e B20W FEADUE
------- e
--- E10W #E{
6r === 0 WA
Sl — — = FO AU 0°CA
-Ez- 10°CA
=
1-
-110 -60 -10 40 90 140
HBHEEE £/ () CA 20°CA
K bR s ()T BhREAE ML AR I
R E/K
‘1"“200 — F5  ARREREHR AR b e 2 LRI SR 4 A i 0
RE10 RE20 MAE Sb FR T P 24 5 A A T DL B, KA FE N K
¢ O Q J A2 P IR A BB AR L 7E-10°CA~10°CA
T ooch TLHE P, KRl T E , ST P AR Y ) R G

) — WRE G . TR AT T BRI E ke
L BRI RERE e, 3508 10% 22 B B O

Q Q Q BT VI A 5 BL B 2 T A

n SEHIN , IR T | ARABE 2 VU T, S AR b it R

1300 1950 2600 T, SEAB B 200 5 2L I 1R Ak BE PR A,
Q é ¢ I HA TR 5] . B R SER R AT, A £ ik )
o, 20°CA 5, 5T A R AR K L IR U2 B AR /N

‘:“:;(/)K —— (e Hsf K 1 7 22 AU BE B AR RO T A, B K
A HRSERRATT B A5 o X R Mlim sh e =

‘ ‘ ‘ PR T B 5 9L, B3 9 85 06 431025 1 A

20°CA

(a) LN IELEEAZ fE TG 0

AL, JFG b el DX SRR 5 i 20 RE DX Ik SR A A gk b % vh
Lo BRF ST 2 B e ) 24 A R T o bR 3L 32 B i Bl

i EH K A 55 9 0 A 2 TG 06 B 2 I
BT 1T TR T HL R CO AR B 02 3

(b)L A 5k He A A2 A1 B

- 50 -

R BRI B be £ B R UM LU STk
e 1 it 21 BB 5K, e ek DX S R, AT IR T 2k
YA RE R
32 AREBPREERE RN FERAS T

I S TR IR ARV R b i) OH 56 (H 2
HO, T H.0, /2 OGS Hh ] 7, 2% H 1977 A= FHFE AR
WNIE 6 FT7R MR T S B ARt 2, OH R H BE4
AR IR IS SO A B B, HOL FlHLOL M kbt
B F R =4, FERT N 4 5345 FIAE B AT LUAA SR BE 1Y
R R

&l 7a FEL Th 73 51 IR A HROEHER e it 2 b OH JEFI

wOE R



A7 T2 FRIRAAT T 1B 2l S0 BRI LR K M HE A 5 0 5 LA 5
H3ER B v B A = [t E T LU, AR AR %
AR 5 T B A R AR AR, T o2 B OH LT H 3 B
Vi 5 377 OH AT H e 3 730 (b B 43 A MR 7 é Q
1o MRS LIFE H , 58 20% 8 3 < i 1Y H F A4 5T
LU (A R 2R DR (1) 4 3%, OF i W I 1y 0 T
(B BEVIM ARSI 1 2 A%, L3R S0 ] 1) Bk 221 S 2 iy 075%10°  1.50x10° 2.25x10°  3.00x10°
R A RINAE A FAE IR 2 TR RN, R
G T A B IR I N 18 7T 43 AT Bk b
PERRBIERE , 4 5 R e R et 0°CA
H%ﬁﬁimr/l&i-m"
0 1255107 2.50x10°  3.75%10°  5.00x10°
H - OH
e QQQ
10°CA
v HOE RV g
H,0 *
0.5x10™ 1.0x10™ 1.5x10™  2.0x10™*
(a)H,O A liad i
+0,
H OH
L > b0, — o, +CO 20°CA
(b) H 3L b i 40 A A7
cﬁ, 17 RIS SRR B OH 3L H R kv B 4 i W,
- 12 N — . = REO
(b)COE L 7 0 1\ - --hkn
6 U i A . i
[« i by
AN, AR BRI R P IR e, R — 2 A ik %EH . ! ,n‘;.\
il [P
T OH BNy =48 7 B 1k SR 20°CA YRS = g{% VRN
4 H ] ‘?\'
W3, OH FE43 A7 il A 5T PN, A B s B b 85, fiE it E P Ny
TRAIRBHSE2IREE 2 /,'j/ “ix,
e % 0 0 20 40 e s
REO 0 0.0015 04?{%318 0.004 5 0.006 0 RE20 %%%ﬁ/(O)CA
l (a) OH LA 1k
r — . = REO
= = = REI10
-10°CA 6 . T RE20
OH T kg ™ #s| ," \I‘
0 0.0015 0.003 0 0.004 5 0.006 0 c‘”o "‘ \\
X Af [
0°CA 2o AN
QLTI e Doy N
1r S .
0 0.002 5 0.005 0 0.007 5 0.0100 7 R
0 et Ly
40 =20 0 20 40 60 80
4G ff1/(°)CA
o R=NS
ot LA (b)H AL A5k
0 0.005 0.010 0.015 0.020 Ig 8 ZJE%E:%/:(‘XTI%PEﬁ& I:F‘ OH %ﬂ] H §E&EGE§ ﬂ[’]
] 9a FIE] Ob Ak bed A ke 22 P A HOLAITHLO, R

(a) OH LT B /)AL

20244F  ZE2 M

BE4r AR, S R RR O HEDE , 35 A A A B S B
AR H, G #EEfTE E kS 287, HO M H,0, 35

RARAE KAEZE TR it DX, B I BABE NI , T
- 51 -



17558, 5 RIRRAT T 1858 L 5 SO0 ELBE LA bE SO KR HE TR i 1) 5 ELRT

Z25

N

B KAEZERBE R H F 2 0,255 42 i HOLFTH.0,,
JF 1] DU R, R A R, MR 10 AT A
i, 5 ARSI IRA R b FE TP (% HOLATHO,
Frit W 2 | Y RSB IR LA B 20%HT, HOL R H,0,
A BT A L AR e B I T — 5 24y, R E
SIS BB Z TR & SRR 7857 Al 1 #kbe
hlE IS 2 | (ARG BRI

HO, JJ it 7 ke m ™
2.25x10"  4.50x10™  6.75x10™  9.00x10™*
RE10 RE20
-10°CA

HO, Jit ﬁiﬂ(ﬁ_’fki'm"‘

0.50x10°  1.0x10°  1.5x10°  2.0x10”

QQQ

HO, ﬁ%zm“ /ki m

0.75%10°  1.50x10° _ 2.25x10°  3.00x10°
10°CA
HO, Ji it ¢ ke m

0.75x10”  1.50x10™° 2.25x107  3.00x10~

t> @S> >

20°CA
(a)HO B e FE A3 A 7 1

H.0,Jit ﬁzmﬁ?/kim

2.5x10%  5.0x10*  7.5x10*  10.0x10*

RE10 RE20
-10°CA

H.0. /5t ﬁ%fﬁﬁ?/ki-m‘

0.001 0.002 0.003 0.004

-l b b

0°CA

H,0, /5t ﬁ%i“mﬁ/ki-m"

0.0075  0.0150 0.022 5 0.030 0

> s s

10°CA

Hwoﬁéﬂerﬁ/ki -

0.0075  0.0150 0.022 5 0.0300

¢¢¢

20°CA
(b)H:0, BTHER B 3 AT v 5L
9 ARREIEMRBE AR H HOL AN HLO, 5 i B 43 A 17
- 52 -

8T — .~ REO

[o)}
-~

HO,JFi /%10 kg
e

[’}
T
~

-40 20 0 0 40 60 50
il fa/(0)CA

(a)HOzEﬁ%

—_
=)} o] (=)
T T

e

[}

[}
=
=
=]

H,0,Fii/x107 kg
S
rd

\\\\\

-40 20 0 20 40 60 80
i A )cA

(b)H,0, it
B0 ZEEd s SR pet A HOL I HLO.2E BRI
BEA WABEHEFEARSEAE E | 72 10°CA M fh%E fmp, R
Y HO, AR KA R T, HoO, i MR B X Al 2 224 rp
FERRIGE 2 T 2R AR DB, 20 w8 1R X ) HOL AT HL0, K
HETHFE , HO, FHLO, 3 B2 A (e 1G] s i T 25 43
i s 7E L1k AR 20°CA B, KA T AMRBEE
e X HOL THFEFR R o 1558 I 3 <0 e Uik DX
AT FLOL MR B2 s i, B R 2 O, (4 i B A ok ) B
BRI ST 72 T R Y HL0, , TR IR s T T
TR 0., (H HO 38 3 K2 R 73X 5 4- TH A, i
KAEFE BT DI R R AL T K 1) HL0,, U A R
BRI HO, e B2 R A2 b, HOL AT HLOL 1 A4
Bt R e ] 38 i E AR T AR RN AR AT O,
H LT OH JE 1Y =28, MM (A0 RE 78 43 i it 2 Ak Ky
2T HL0 A1 CO,.
33 ZEEESBRIEZIVEERE R
AR T LA £ B 5 K& (Polyeyclic Aromatic
Hydrocarbons , PAHs )"k if 9K 47 1) fe KA 754 o 0 51 s
TRIBILIN B SO A B R, PR IE A HT £ B B 3 S ON #
TR BT IMALSURLAY) A Bt R A
KR 1250 s TIRG MRt R ide =
DA B 432 5 2 o e A S e il £ 0°CA~
30°CA YA Ak., WTLLRIR, 5 | AF RS AUBT A A 1
AT, HrPIBIR 20000 £ BB SR AR A BT
"o R



17558, 5 FRIRRAE T 1858 L 5 SO0 EBE LI bE S R HE TR i 14 5 BT

TR IR = T 9096, BRAAIC I WA E A R R 15 56.25% , %
W P B R SRS T LU 883 B LAY k)
Ao B REFEMR MR A B EEEN R - B e NTR G
R IX 23 ORI M IR ) R 2R B, 5 I AR U, H A
CO BGPTSR ARG N TR S A B 50 b 1
JRrEIH DX A A, T BELAS T AURE ) A Al s FLUK, PAHs
YR 2RO RRIA B A 1, £ T F A SR AR AINREAR 1 05 7
JEUREE LA T SRR AR R 2L B )
5 A KA B ACROM IG5, 3] TR AR R
A

1.5x10° 30><10 4.5x10°  6.0x10°
RE20

QQQ

Wﬂ*[};‘m/k
0 2.5x10°  5.0x10°  7.5x10°  1.0x10°

10°CA
A5 bk ke

2.5%10°  5.0x10° 7.5x10°  1.0x107

&> > s

20°CA

ﬁ&ﬂﬂﬁii/ki

0 2.5x10°  5.0%10° 7.5%x10°  1.0x10°

30°CA
FI1T AR BRI AR FR e AL 1o i o0 AT
101
Z st i
= i1 REO
X : .‘
= Of i
=S ;
=K 4F ,.' ________________
ﬂ_‘ l
! . 85%107 RE10
ESS ,2"2x]~0~ ~ed . RE20
0 2P0 T T
-40 =20 0 20 40 60 80
A f1/(°)CA
Ca ) B R A= Wi I
18
=16 1.58x10"
< 14 REO
ERY I
@ 10 9.23x10' J?V‘
¥ 8
H o6 691><10-L,-\ /E
& 4 " l‘ A -a
= / eIl
B2 ,'r" . TRE20
0 afl  ,  TIToeeeegmmmTTT, ]
-40 20 0 20 40 60 80
i 1 /(°)CA
(b) BRI 2 %

B2 CBs R O A PSS RS R S
20244F B2

4 ZRIE

AR CONVERGE =405 B AHRTE T HBHA
THHLBRANE L] 2 s d A S TR A AP R b iy
TE Y i LR OGS/ N W B o A SR O, DA e
ANTR] B ) B ORI AORE P A 1 AR A ), 2
RSN .

a. TE R BIHLEE 8 2 000 r/min  IMEP 4 1 MPa /Y T.
B S AE B SS IR A OB R R
15 e U XA A T SRR R R I 2 e A A T A
B P F AT LU AR, 4550 Rk be
FRE SRR ROR

b. LR E RSN T EOEZ H AL  OH JE AR A,
H HO,F H.0, 53 A1 3 Bl BT ) R B8 03, 7E R be =5 N
M2 oA, BT E RSB I A R0 1 T N BE R
B A TRRBER) R T

c. 71 20% 1 £ T 8 SR P SR e I Y itk
A= BT ik U R AP 90% , ik KA A R ER HE R AT 56.25%
RS IGIAA BT 3G B TIm AL AR

5 % x
(1] XU, VR, TRIEAS. B2 /INT 2.5 ok i A BUR ) 1
16T, EFRZY 2T 24k, 2011, 38(6): 428-431.
LIU Y L, SUN L, ZHANG Y G. Hazards of Inhalable
Particulates PM2.5 on Human Health [J]. Global Advances
in Pharmaceutical Research, 2011, 38(6): 428-431.

[2]5 M. PRI LA WA S5 0 A LR AR ()]
2016(8): 36.
GAO S Y. Lean Combustion and Direct Injection Technology

B,

of Gasoline Engine[]J]. Non— State Running Science &
Technology Enterprises, 2016(8): 36.

[3] BONTORIN A C B, DE OLIVEIRA CARVALHO L. Investi-
gation of the Impact of Lean Mixtures on the Performance of
GDI Engines[R]. SAE Technical Paper, 2016.

4] @R, TAL BadE . BIREAT QR AR
B ST (1] A6 5t Tk oK 2522 4k, 2017, 43(8): 1268
1274.

JICW, WANG D, YANG ] X, et al. Numerical Study of the
Chemical Effects of Hydrogen Addition on Ethanol Flame[J].
Journal of Beijing University of Technology, 2017, 43(8):
1268-1274.

(5] e AR, 57K s s BB A s fL sl 3 P05 BT FE D). 5K
B B TR, 2021
GAO Y K. Research on Power Performance of Hydrous
Alcohol Reforming Fuel Engine[D]. Wuhan: Wuhan Univer-
sity of Technology, 2021.

(6] HLE . T B R A T2 R B ORI LR RERY

- 53 -



17558, 5 FRIRRAE T 1858 L 5 SO0 EBE LI bE S R HE TR i 14 5 BT

WEAEFED]. Jbat: JLat Al K2, 2013.

DAI X X. Experimental Study on Performance of A Hybrid
Syngas—Gasoline Engine Based on Waste Heat Recovery|D].
Beijing: Beijing University of Technology, 2013.

[7] SHIMADA A, SHIRAKAWA Y, ISHIKAWA T. Improved
Thermal Efficiency Using Hydrous Ethanol Reforming in
Advanced Spark— Ignition Engines[R]. Baltimore: SAE
Technical Paper, 2016.

[8] SHI X, QIAN W, DUAN Y, et al. Effect of Ethanol
Reforming Gas Combined with EGR on Lean Combustion
Characteristics of Direct Injection Gasoline Engine[R].
Krakow: SAE Technical Paper, 2022.

91 EG%E%E BT GT-Power HYRIR TR SHLEE AN S 5E

1. L AR C A, 2016.
MA Z 7. The Simulation and Research of Natural Gas
Engine Based on Gt—=Power|D]. Zibo: Shandong University of
Technology, 2016.
[10] FBLL 2%, 2R 0. B s LB A I 2l 55 4 A i) I A5 AL
0. LV ToR2E2E4R, 2020, 42(4): 320-325.
GONG H L, LI L. Transient Simulation of Flow and Heat
Transfer in the Engine Nozzle[]J]. Journal of University of
Shanghai for Science and Technology, 2020, 42(4): 320-
325.
(117 B 12200 T B Rk s Lk 3 S S v R Y
D5 HATFED]. KAF: HARRAE, 2018.
HUANG S. Simulation Research on Effect of Hydrogen
Blending on Starting and ldling Performance in Butanol
Ignition Engine[D]. Changchun: Jilin University, 2018.
[12] FVK, 383, T, 25 s P pLEE < E ST S B R
AEIERBIFEWT). E P TR, 2019, 30(15): 1796-
1803+1812.
SUN C, ZHANG Y, JIANG W, et al. Effects of PFI

- 54 -

Parameters on Mixture Formation for High—speed Gasoline
Engines[J]. China Mechanical Engineering, 2019, 30(15):
1796-1803+1812.

[13] JUNGHYUN K, JONGWON C, JAEYEOP L, et al
Modeling Of Spray Wall Impingement And Fuel Film
Formation Under The Gasoline Direct Injection Condition
[J]. Atomization and Sprays, 2022, 32(3):25-52.

[14] Z8SCHE, R4, TRARAR, 45 W 25 fill BE MR b B AL HUM T

FE]. LR RS2, 2023, 44(9): 1087-1096.
QIN W J, HAN T X, ZHANG Z D, et al. Numerical
Simulation Study of Spray Wall Impingement Combustion
[J]. Applied Mathematics and Mechanics, 2023, 44(9):
1087-1096.

[15] R, KR SISl KA TR A
BAUD]. 2B PR, 2017.

ZHANG Z Y. Numerical Simulation of Circulating
Fluctuation and Blended with Dissociated Methanol Gas in

S

SI Engine[D]. Wuhan: Huazhong University of Science and
Technology, 2017.

[16] 2= e, FIUbEE, skom, 55, G0 A R ELBER IR R Sl
PRBET TR E ST, 4 & B, 2019(1): 7-15.
LI M H, TIAN H J, ZHANG Q, et al. Numerical Study on
Combustion Process for High Pressure Direct Injection
Natural Gas Engine[J]. Vehicle Engine, 2019(1): 7-15.

(17] ZEZ A . 6L A BRI FURL A AL R SRR TS
[D]. Kt KR, 2016.
AN Y Z. Experimental and Numerical Studies on the Soot
Particle Formation Mechanism in the Gasoline Direct

Injection Engine[D]. Tianjin: Tianjin University, 2016.

wiLgidE £ O—)
BRI B 1o 20234E 11 H27 H .

nOoE R



