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Study on the Mixing Process of Diesel and Natural Gas in a
Natural Gas/Diesel Dual-Fuel Engine
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Abstract: Based on the AVL FIRE code, the simulation of injection and mixture of natural gas and diesel fuel
in a natural gas engine with pilot injection was carried out to study its combustion and emission performance. The
related turbulent model was verified by the bed test and then the characteristic parameters, such as orifice position,
inclined angle and gas-diesel over-lapping angle were analyzed. Results show that the ke turbulent model is more
suitable for simulating the dual fuel injection, and the larger the injection height, inclination angle and over-lapping
angle, the smaller SMD. In particular, using a large over-lapping angle can obtain the best atomization effect. The
relative nozzle position will decide the energy transfer between the fuel and gas jets, thus influencing the penetration

distance of fuel and gas and the atomization effect.

FE: AT AVL FIRE 845, 840 7 40 A Lt 71 MR R K A A SR vt S &3 A2, 2 i ik
AR BAT T BRAZ AR IE, 47 T R B 3L & L o LA A A A AL A T SR b e R AR AR 0
BAEHHL ., AREY ke A B EERN TRRA/ R SRA 69 BB 93L& E M4 A A
AR, FHTHMESMD) M, H b 3L A K 89 3K 13 89 AL HOR 4 5w 5L 1) 49 48
AL E AR T AR THE A H0 T AR FIEAFLER,

IR . PRABIL s KR SURRL IS 5 5 BB 5 T PN L S

Key words: IC engine; natural gas; dual fuel injection; numerical simulation;
in-cylinder direct injection

DOI: 10. 13949 /. enki. nrige. 2017. 02. 008

mESES TK431 XEKFRIRAD : A

% T &S HL Y i b D) A L TG A R T R 2/

AR A 5 53 5144 i e R AU N B R

W7 1 9 9 TR ) L R S 1Y B B IR 1) BEOR L R AR R BEA M E AL R IR TR B IE TBCRAE . 3h
SN — Rl A S HLTE AU AR B 2 Z B . (1 JIA R CHC HE A R 45 it s () I 7 DR IE 2 3l B 3
T GE K AR R B HIL R Tt =l e 4 . 8 ORI B JPE S 2 AL L NO, A CO, HERFF K, PM

0 #ik

KRS EH . 2015-03-11

HEEWAB: BXRAAMNFZESTHE(51176066,51276084) ;T H A = MBS BIFH TIE (BY2013065-02) ; I A S RA B FRERTERB (FHHM
[2011]8 &)

EEF AN B/ARA99L ) B4 . EEZRARH A AL SHIEE S B E-mail  txqiang1 99@163. com;
F E@EEAEN) . ZT .1, E-mail. qwang@ ujs. edu. cn,



2017 4E45 2 ST [ c 43

HER U B B AR . T LN RS R R
AT M TR o A B 5 VR 3 R 05 7 3 2 53 5 4%
R GE P G R 1SR AR S S LT 5 B (UL 4 b T
K T s 007 2 ) S R A W kT R
S B0 A2 36 1 T 4R AR B LR R % 8 A
W

B 25 55 W B L PR W AR B X R A AR
FEMESH BRI 2 . SRR ST I T BN L B
16 3L 15 25 A 03R4 o TR0 A IR R A IR . S ik
(45 D560 VR S5 000 0 58 300 W 55 HE A7 T 05 LR 5T . 400
TRL PN MR BT A L 5 ST T 2 )
R 7 SR A SCHRT 6T Ak T 4 I 1 AR e s
BRI TR 5 T IR 4R T 4 3 TG b 9 1 B X LA
BRI B BB . SCRK 7SS T S 5 AR G
DAY FE 5 T K R 30 S 0 190 58 0 X B RCR 1 B
W, SCHRCS TSR 20 4 WS W BF % 7 &L P9 5 1 1 5
SR SR A B TR A e AR R P A 3 T I 1
B 5 HR e A+ L 3 4 v T TSR B SO 1 1
S5 PR R T U R 2 7 % B AL TR T R 1 %K
(EREIABF ST . B2 P T B R 1 107 R B R AR X
S BHALIGHE T L (L P 5 FE 058 K 4R R 56 3 U (b) HMMHFCFDELE
e LA R RS T A, R SCR T 4 A )
J7 1 %L PR I8 S T/ TR KR A i R A
HIRA MEZ BT

NSEuR

BR3P

/I'ZHD@??*

RARAMHAL

SenmifL

1 EREST

L1 BERRASHIREER

S S 55 1) S AUL SR FH R AR BT H 5 s (R BAR
Z AL I B8 9 TR A KA e S ARG AT
L T o A DL S B 55 L AR SCRY M S R R T
DAY 2 A X % 55 4 52 WD oK P9 10 T B 5 SRR B

TR L A 1) i . T 1 (b)) Sk P 25 7 (c) T 13 FL WSS/ KA L CFDRUA
R S [ L L A ORIt A 5 08 P T R P WA G AR SRS/ S CED g

B RAE  HOME W 1 3L 30 R P 2 O Oy
S5 B 3 B AR . T PR I R AR A Bl HIL I A
Y S Sy ms LA B AN 1Co) R . BIIK 55 A0 AR L
H Core Injection #EAY, — R AL AL AL {di F§ WAVE
BEAY

X RIS YWl O R T
JE Y B GRARSARTE R L T 1. 86 B SR S
SRAERTERRE MK AW O R AP %,
Mt gt AR AR R AR AR . B 2 SRR R AL O
A 1 I I Aot R o 2 B R SR AR A TR e A e A P R
2R A AR L AR SCEL R LS B mE LA O R AR R B2 R I M e
CARTRIOD NS 7

iR B

Ma=1 Ma>1 Ma<1

BT



-4 SIS T O 2017 445 2 )
1.2 #EHERSH
AR SCR FH A T P R S K SR K & sh WL &S A
P 3 TR . AR R Sy il ok Bk AE R, A SCBIF 5 HE AR R
B 1/6, SE A KR AT A A S HOE 1, iK% -
i AR R AR R T AR A 4 TR &TE@
2| e
=
ol
L,
RARE AL ;[ . . . . ‘ .

k|

B3 PR R4 HLTE b ik s A B 0 LA 2 8
F1 LHMRASHRHELSH

o0

B ZH
SE i fLFL4E / mm 0.2
KR W FLFLAE /mm 0.4
IR K 293
WM R ]/ ms 0.5
S /(g s D) 5
3.0

~ 2.5}

2 2.0t

=

@ L5}

B

r 1or

£

iR 0.5

0 . . . . .
0.5 1.0 1.5 2.0 2.5 3.0

2.5 5 7.5 10
1] 1 B /mm
5 AR SR AL T i 1) T 4 M R BRI S X

RIEIVEAE LR W) & . SCHRL13-14 1% 3 A5 30 1000 1)
ST R R . ASCE XS FIRE 20 P by ke |
k& f R AT HE AT 0 M. ke BT JE —Fh XU
IR, HE T Boussinesq B8 Bt & i I 2 2% J [a] #: # » H:
eI TH B AR P 4 X 3 550 5 5 Y K R4 2% 11K
le& f RRRLRE DU T R ARY N 8 T RS PR AR AL TH AR I
LI ke 22 1500, SR KARAFIA 5 S5 Th i 51 28 0
SR aE R AT LA s ke RS G A SCHY L
P e s LS SR AR/ St i 6 FNRL 7

42

36+ o R
- keb o

12.5

30

2 I /mm

24 1

-
UAS

18

12

KRR

WSS I 1] /ms

B4 R M A
2 HXEXESRRER

2.1 KEMRASHREFEMENX

SeihmE s B R RO e 25 BT ar . KRR
SP ST B R E AR 5 s o A AL AR E
o BT SE R AR A LYY A ST SR 2k 300 KRR
Jot e 73 RO 67 8 R SOk B U B o R i oy T
TR 5 T R R T 52 12, 57, PRt A S It 5T 2 R
Ls..=1.024Lx.,
2.2 mmiER

SCHRL12 TR T BR 22 70 J7 vk % i T A U BE 5 1
W AN T A R SAL » ARA O 2 2R 5 1 o S5 0 T A0

0.2 0.4 0.6 0.8 1.0
WSS IS 7] /ms

Pl 6 i YA A 2k R R AT 9L 1 B 5 B Y R TR

50 o R
——— k-efi
— k-&-fRRY

£ 10
5

==y
& 30 F

0 0. 05

0.20 0.25

0.10 0.15
WSS ] 7] /ms
B 7 AR R X 2 v S I A B 2R Y i)



2017 455 2 ) [ T/ VI W B 45

3 REERSH

3.1 HERMERRIE
P 8 S L PN e s L B R AR ORI S i ) {46 41
iR G ICHR8 JEU i R XSt . IR 8 AT LLR
PR AL DA B TR AR TS AL A S i S AL ) A S e AR
L5 R —E.

e
(kg+")
10

f’/’/"/"““

(a) iﬁ%}i}
I8 A BEAS R 5 50X

(OE:CELEN

3.2 KRARSEHLMBABIIAEFREIT
BT PN B T 6 TR AR S R0 B i ok T 6 SR B 1) SR
AR SCRk 73 F = e AU 5T T 51 #R 58 i 1K 4%

B el 1 =0 N £ o= O /R O e [ B D '

{[‘JET(JIL Tiy}\
— 7 U
UiEiN=nEs
(H=3 mm.4 mm.
5 mm)

(a) WAL

WAL A

o2
oAk (I=T72.5°.77.5 °.
IR 82.5°)
(b) WA
TR

SEMM SR
WEALAC f M=0°

WEFLAS F M=10°

WEFLAS 1 M=5°
(c) ANFImgEFLAS A1y

B9 BBy 8t

FART L PN SR R KR sh AU R D RS AR K A
SCHRE U g LA X7 ) 6 O TR] A L R
(H=3.4.5 mm) M5 fL {0 &} M (I =72, 5°,77. 5°,
82.5%) I FLAg 4 (M=0°.5°.10"),
3.3 AREBTFLALE 3T 57 8 20

] 10 hy S8 25 1Y) 2 1 25 B AR (SMID) i g 55f
RN A A . AL 10 BT LA HY « il 25 i FL v B2 4 38
i, SMD 971N 5 W5 L i A% A 78 K, SMID BT [ i) B2
H R B 2R A5 1 SMD /0N 5 155 £1 58 £A 58 % K i B I
SMD, {HE K38 fAARRES [ 21 SMD T [,

250 = H=3 mm
= H=5 mm
= H=4mm, [=77.5°, M=0°
200 & - [=72.5°
o [=82.5°
g ™ M=5°
El 150 2 M=10°
@)
E 100
50
! S N— A i
0 0.1 0.2 0.3 0.4 0.5

M5 A [ /ms
B 10 4EilimE % SMD

P11 Sk S it 25 BT o B B I R g A2 Ak, R T
TE 7% 2 A AR Mg S e 300 S il S O 4 B s BE I L
I A SR RSELE 50 mm BT . MIET 11 ATLAA
S U7 B 2K BE T 2 Bt S AL gy B 30 [ — M
SIS 20T S S I B 5 4 O 5 I A L ABTURE A Y
ST TSR AR O 5 M mE £L 52 A BE A 4 W 5 BT
ERIEREIEPTY 5% DN E (W' A S N i
ARAL . BEAACTIT L RS AL A B L A R )
/N BI A B R B2 BRI« () — IR 220 R S84 S AL 5 4 B
. Seilmiss B AR LS SMD AR fE & —E K
L BB HEEOR R B SR Y SMD

55

44

33

22

W5 25 5427 B /mm

11




+ 46 - ST [ W

2017 4E55 2 1

12 S 55 3t 51 28 BE BE B ) AR k. DA
12 ] LU H o WL g B2 L AT AR A 0 AR 2 O B 5
L F 52 el LU IS FL 3 A OS2 /) . AR S R 0 B 2R B
SRR TSR NNE NIRRT < i KRNI T}
/N

40

= H=3 mm
o+ H=5mm p
— H=4mm,[=77.5°, M=0° /3

- [=72.5° v
iR 24Fo 1=82.5°
EES ~ M=5°
+« M=10°

i /mm

A °

FAR TG

0 O.I 2 O.I 4 O.I 6 O.I 8 1.0
M3 K 1 1) /ms
P12 SR IS

& 13 FIK 14 K 0. 25 ms B} %] F A [7) w5 L7 B
(%) SFF i 1o 46K T R A2 i) 8 T 3 A3 AT o R B ) R
T A S0 S AL v o %) TR 5 A8 1) K T IBCBE B E A
06 mmAh 5 A I Y # .

ST i B v TR R B 43 A B AT LUE AL
AFDOE A7 BT 5E BT % T B S 3 SR A AR ) R MR TR A
TETE R . LA A A 72,570 5 i A% ] 2 B2 4
A7 ] E AT DU D - > 559 9 TR] 0% AR B4R P A 58 ), S
TSR A 1) R DT T SR (B OCRR 5 > 6 I AR B
5 (5] A A S 8 A T 49 24 e b e 2 38R DR T T
(LN (R = 3 7 S - T R T TN LI N T
AR T 2R B Ry Y AR B O T ) R A 28 25 R
W 1T

ST SR /N 1 W L R R L R i L A R
FA /N L AZ A1 IE i AT A 08 A AR R B T
S S B e T R AR AU . R U S S I
Bl AE A% 38 45 R IR L o T AR S O B S B R
EL SN b N R TN RN R S R N
BF o T SR A B FH 55 ot s AR 0 0 1 Bl a
TS SR I AN L O R A SR A% 88 2 R 4 %l A
it s PR HE B 1 554K

4 it

(D) ke fim BRI EE -6 f i AR IS ) T K
SR/ S MBU R B

(2 Mg fL sy J52 B AT AR A 5 KL 3R

fi4 55 55 B 2 B IS SMID /) 5 51 4R S8 i 5§ 55 BY

2 B B2 W) 55 A T 0 R DR R R AR R O X

/

3

HEJE/(mes™)
[ T
0 600
& IL
(a) H=3 mm (b) H=4 mm
— ;"\
(c) H=5 mm (d) I=72.5°
(e) I=77.5° (f) 1=82.5°
- o~
(g) M=0 " (h) M=5"°
I,
(i) M=10°

P 13 0. 25 ms I 20 55 3 il 1) 38 B2 23 A7

HJE/(mes™)

[ T
0 600
T
| |

o BN v |
e
=. | L

(a) H=3 mm (b) H=4 mm (¢c) H=5 mm
e T T
"-. | B
". ' JJ 'l ' ;' 1 |
*. | | \
i | !

I ‘._J !_}

(d) I=72.5° (e) I=77.5° (f) 1=82. 5°
1 . J‘i * ;l . j
KRR,
R

(g) M=0° (h) M=5° B (i) M=10°

P 14 0.25 ms I 20 565 042 17 3 JE 73 A
TSP BT AR R . B BT B RE AR HE SRR S 5
23 SR AE ELAE D AT ke 2 55 1K

(3) W5 2 [ F9 ARG TR T 3 AU I 2 TR
AE B A28 . DT 2 MR 17 3t BT 2 B S5 AR O . e



2017 4E5E 2 WY Nk T ® . 47 .
aCL ;‘:E Xd‘{j i I:FI ﬁ }L i ﬁ %‘f‘ Xﬂ‘ W /ﬁ“ Eﬂ‘ Y)ﬁ E(J ¥ []fEJ % [8] WHITE T. Simultaneous diesel and natural gas injection for
j( , Xd_%l ‘J:%%{Hﬂ uﬁ.‘g E"Jg’ﬂﬁgﬁ%iﬁ% %E i injection for dual-fueling compression-ignition engines [ D J.

Randwick ; Randwick University of New South Wales,2006.

52308 (07 e Oy B0 A 5. T M B SO 0 B K 8

JE M5 S5 3 P LT 1. AR BIL 24412 . 2007, 25(6) : 500-504.

[1] ROUSSEAU S, LEMOULT B, TAZEROUT M. Combustion WANG J H, FANG Y, HUANG Z H, et al. Experimental
characterization of natural gas in a lean burn spark-ignition study of the jet characteristics of high-pressure injected natural
engine [ ] ]. Proceedings of the Institution of Mechanical gas using high speed photograph method[J]. Transactions of
Engineers, Part D: Journal of Automobile Engineering, 1999, CSICE, 2007 ,25(6) :500-504
213(5):481-489. [10] SOTERIOU C. ANDREWS R, SMITH M. Direct injection

(2] BRACHE. S BIS AR EL PO BBER 28 U B LR e 1L 22 07 ELAF 5 diesel sprays and the effect of cavitation and hydraulic flip on
(D] K& & MR, 2010 atomization [ C |//SAE Paper. Detroit, Michigan, USA,

[3] BROWN B, ROGAK S, MUNSHI S. Multiple injection 1995,950080
strategy in a direct-injection natural gas engine with entrained (117 Shyc A8, Fil. 2. R R FG 0] 0 e 4 5 s 1 1y 2 70 i 3
diesel[ C]//SAE Paper. Detroit, Michigan, USA, 2009, 2009- W3 BFSE0) ], AR HL TR ,2014.35(6) :65-69
01-1954. ZHONG W |. HE Z X. WANG Q. et al. Visualization

[4] ABRAHAM ]. Entrainment characteristics of transient gas jets experiment of cavitation flow in nozzle with different
[J]. Numerical Heat Transfer:Part A,1996,30(4):347-364. amplification [ J . Chinese Internal Combustion Engine

[5] ABRAHAM J, MAGI V, MACINNES J. et al. Gas versus Engineering,2014,35(6) : 65-69
spray injection: which mixes faster[ C]//SAE Paper. Detroit, [12] KUO T W, BRACCO F V. On the scaling of transient
Michigan, USA.,1994,940895. laminar, turbulent, and spray Jets[ C]//SAE Paper. Detroit,

[6] MIAO H, MILTON B. Numerical simulation of the gas/diesel Michigon, USA,1982,820038
dual-fuel engine in-cylinder combustion process[J]. Numerical [13] MALIN M R. Modelling the effects of lateral divergence on
Heat Transfer,2005.47(6):523-547. radially spreading jets[J]. Computers & Fluids,1989,17(3):

[7] LI G W, OUELLETTE P, DUMITRESCU S, et al 453-465
Optimization study of pilot-ignited natural gas direct-injection in [14] HANJALIC K. LAUNDNER B E. Sensitizing the dissipation

diesel engines [ C]//SAE Paper.
1999.,1999-01-3556.

Detroit, Michigan, USA,

equation to irrotational strains[J]. Asme J: fluids Eng, 1980, 102
(1) :34-40.





