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Effects of Variable Valve Timing on Combustion and Emission

Characteristics of Gasoline/Ammonia Dual-Fuel Engines
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Abstract: Under the "dual-carbon" strategic goal, ammonia, as a carbon-free fuel, is one of the most
promising options for the industrial and transportation sectors. The use of ammonia fuel in automotive
engines can effectively reduce carbon emissions in transportation. This study investigated the
combustion and emission characteristics of gasoline/ammonia dual-fuel engines under different intake
valve opening (IVO) conditions using a modified engine test bench and three-dimensional combustion
simulation software. The IVO was adjusted within the range from —30°CA to 10°CA, withIVO=-356 °CA
ATDC as the reference point. The results show that as IVO advances, the peak in-cylinder pressure and
heat release rate decrease gradually, and the combustion phases corresponding to the peak are delayed
gradually. This is due to an the increase in residual gas in the cylinder as the valve overlap angle
increases, which suppresses in-cylinder combustion. As IVO advances, the combustion phase CA10,

CA50, and CA90 first delay and then advance, which is caused by the combined effect of valve overlap
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angle and intake-exhaust pressure difference. The advance of IVO affects the intake valve closing angle,
resulting in a gradual decrease in pumping mean effective pressure, which reaches its minimum value at
IVO=-30°CA. Notably, the effect of IVO on thermal efficiency is small. Meanwhile, the emissions of
unburned hydrocarbons, carbon monoxide, and nitrogen oxides increase gradually with the
advancement of IVO, while the change in IVO has little effect on the emission rate of unburned
ammonia. This is because the decrease in cylinder temperature reduces the opportunity for
hydrocarbons and carbon monoxide to be oxidized, and the increase in valve overlap angle raises the
concentration of nitrogen oxides contained in residual gas in the cylinder. Meanwhile, the decrease in
pumping mean effective pressure (PMEP) also increases the cylinder temperature, promoting the
generation of nitrogen oxides. [IVO constrains the performance and emissions of gasoline ammonia dual
fuel engines. When the exhaust valve timing is fixed, in order to improve emission characteristics, [IVO
should be adjusted to 10°CA. At this point, total hydrocarbons, nitrogen oxides, and carbon monoxide
all reach their minimum, but the brake thermal efficiency (BTE) is relatively low, at only 32.1%. To
improve combustion characteristics, IVO should be adjusted to —30°CA. At this point, the BTFE reaches
32.7%, but total hydrocarbons, nitrogen oxides, and carbon monoxide all reach their maximum, leading

to a deterioration in the emissions. By using multivariate optimization methods to find the optimal valve

timing combination, overall optimization of engine performance and emissions can be achieved.

Keywords: Combustion characteristics; Emissions control; Thermal efficiency; Variable valve

timing; Dual-fuel engines
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Table 2 Fuel properties
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Fig.2 Verification of cylinder pressure at different ammonia energy ratios

2 #RE5IFiE

2.1 BREREFIE

AR5 % F T 00 1200 r/min, A=1, #AEL A
OSHITIM AR 24, SEBR 1L KHA (ST) 3%k —22.5°CA,
VI BE R H xam, M 0.3, BMEP 4 0.6 MPa, J&
BT T B 2 Sh-356°CA ATDC, 54 A i} Z1 N
—143.5°CA. JRHERT TR ZI2h 119.5°CA, ]
i Z1°R 358.5°CA. #E M AL4 f  212.5°CA,
HES A0 48 # K 239°CA . HEASUTTIF IS s 2041
XFF IR AL E R T 10°CA(BRIC N —10°CA), i#
SIS 2R T S5 A A SR ET 30°CA (R id
J—30°CA) B FE IR 10°CA(FRiCH 10°CA) , AL

A 2 HESTTIF S A (EVO) S —10°CA, i i gh 725
#EA T IR MA(IVO) , L IVO=-30°CA £ IVO=
10°CA, PIWFFE IVO X & sl ALK 58 5 HE R 1 19
o, FEE IVO B4 4T, I TE &M (VOA) &
WG I . 24 IVO=—30°CA i}, VOA i 3| it K
14.5°CA; 24 TVO=10°CA H, VOA ik %5/,

IVO X BTN J1 i sE i an &1 3 fro . B
IVO (4R, §T PN H 77 (R W (R 220 A% /0N, WA T Xo)
N7 P8 A AV 3 4 A SR . T R D {ELE TVO=10°CA &b
HUAS i RAH 5.09 MPa, 7F IVO=-30°CA b ik FI| i
/IMH 3.68 MPa. BfiZE TVO AU RT, HiL NI IE S
ARese e, RGN E AN IR . S
H H,0 Fl CO, FEAR T &1 N BASE IR, 8] B ffi A5 mT

5



HRBE R T8 /D, DTS B80T (1 U (L A R AF A
WAL BT Xk I AR 2 Y SEE IR

® [VO=-30°CA
© IVO=-25°CA
IVO=-20°CA
© IVO=—15°CA
IVO=—10°CA
© IVO=-5°CA
® IVO=0°CA
© IVO=5°CA
® [VO=10°CA

-20 —iO (I) lIO 2IO 3I0 4I0 50
[ #1/(°)CA ATDC
B3 AR IVO THEEZK

Fig. 3 In-cylinder pressure at different IVO

IVO X HCR G R WA 4 FiR o TR
EREE VO MIEIR Z#HE . 24 IVO=-30°CA
BF, TR (A B B /IMEL, 2970 21 J/°CA. Y4
IVO=10°CA B, AR A B i R AH, 29 32.5
JPCA. B IVO B A, <01 E & & A
R, L A, A H,0 Fil CO, BEAR T
T PR IR, DT S 3501 TR R I {1 ) ARG A
JHCEARMGEARL T X 7 AR AU ZEIR o Bl TVO 1% T2
AT, A T AR A 5 0 7 00855, R R
A 1 o481 140 38 25 AR {0 6T 7 AR 37 ZE 3R 1ok 358

® [VO=-30°CA
© IVO=-25°CA

IVO=-20°CA
© IVO=—15°CA

IVO=—10°CA
® IVO=-5°CA
® IVO=0°CA
© IVO=5°CA
® [VO=10°CA

W
W

TR /(T-(°)CA™Y)
— — [y*] () (98]
(=) W (=) W (=)

W
T

0

30 20 10 0 10 20 30 40 50
4% f1/(°)CA ATDC
4 REIVO THIMMRERTL
Fig. 4 Heat release rate at different IVO

IVO X #RBEA AL RS2 N 5 B 7, 24 TVO=

10°CA i}, CA10. CAS50 F1 CA90 [F] i} 35 ] 5 /)

{H, 739 —4.5, 2.9 Fl 14.4°CA. 24 IVO & #i

HiFF, CA10, CAS0 F11 CA90 T I AN, 3 34 Fe 4R
6

T IVO=-25°CA 4b ik 2| W {H, 475l h 1.6, 12.7
F127.7°CA. BfiE VO IR, KT N AR A4
2, Wl 1) ] BRI A D, AR P ER AR I AR BR
BRI RIAE A K. 24 IVO Sh—30°CA I, Ak
T IVO=-25°CA, it HE S J1 2208008, fL N R A
SETIHER, 45 HE ST HE Y 2 < ms
Z, AR T RN ES S &, H, M T Vo=
—25°CA i}, IVO=—30°CA AR BEH R BE i b Tt

N
w

CA90/(°)CA
ATDC
13
(=)

15 —8—CA90
5 12
g
=4 8
22
O 4l
—A—CA50

CA10/(°)CA
ATDC

_4- 1 CA}O i 1 1 1 1
30 25 20 -15 -10 -5 0 5 10
IVO/(°)CA ATDC

B 5 AR IVO TH CA10.CA50 1 CA90
Fig. 5 CA10.CA50 and CA90 at different IVO

OH F A1 (1) 434 5 ot 2t 43 08 5 F T R AF SR
ek e B B S A ROV R . 8] 6 J& OH 3
ARG IVO WA LAERREE 2 XY DI 19 53 70 e
fIE 5 AR R B B LR . 7E—-15°CA B, AN [H]
IVO '~ OH Z: A 3 Ay 1B . B o B el 3X
JERIN—15°CA I B RARE 2 ET N R TREE | TR
FIR S KRR DLE . E—-5°CA I}, OH 3L i 4y
BB W E T, AE IVO=10°CA &k, A] DL v M &
OH & [A] v [a] 9 T 12t 73 B8 =i . 7E 5°CA Rl 15°CA
b, IVO=10°CA By E1Z H, ERAIX ity X3k OH %
VA ot e 4 e v, 20750 b ) DO )6 23, 156 B R 72
sy H¥%5) . BEE VO BRI, & IVO=-25°CA
b, EVBRIX A0 X 38, OH ik [ I 43 B0 7 A1
AR PR R 5 A 2 SO R e AR VE . SR, 4
IVO “4—30°CA B}, OH & A 78 £ 9% X 0 1) T
G3 B BT EE I, O e e I BE VRO T A
k%o BOEFEN VO RS RIS HEHE R ) 2 0%
K, L ERARIE S I AB K, BRI EL A T {45
— R BRI TR HE S, W AR B T 4T P
SO, IR T RABE R L [R] B A AS M  ARR R
Hul & AR




IVO/(°)CA

|
w
S

|
w

|
W

|
[
W

i 4% /() CA

OH Jifi 43 5

0.0005 0,001’5 0.0025 00035 00045 00055
B 6 OH EHIKE IVO KL AL E XY HYTE I 57
IS EENES
Fig. 6 Cloud map of OH mass fraction in cylinder cross

section at different IVO

IVO Xt F PMEP i HE <% 77 25 09 5% i 4
Kl 7 s, ATLUE Y, BEE TVO Ry HT, PMEP &
WREAR, FEHEAE ) 22 0B PR, 2R, 2
IVO $ERTHT, AT OCH 1t bl 2 $E T, 16 2846 &
a7 v AR ] B Bl T HE B AT R TR A T
/N, PMEP &4,

0.05
—o— PMEP
0.04 | B4 BHRE %

O

’ 10.04
‘I
g 003y - 003 2
S H
= ’ R
£ ool o0 £
=

{001

0.01 £

30 25 20 -15 -10 -5 0 5 10
IVO/(°)CA ATDC

7 AE IVO T PMEP M HES E 1%
Fig. 7 PMEP and inlet-exhaust pressure difference at
different IVO

BTE i # F T RAE L LA HERE. A 8
AT LA, B IVO AN 41T, BTE 7F 32.1% &
32.7% X224k, IR S0 o AR .
2.2 HEmdFE

MRS A Y (THC) . NH,, NO, 5 CO 1E#%;
#1200 r'min '. BMEP=0.6 MPa T.i% i IVO i
A AL BLEE WA 9 TR, AT LLE Y, BEE TVO 1Y
FESR, HERC Y T THC ¥ B % 4 %A%, 78 TVO=
—30°CA kb ik Bt K H 3.742%10°°, £ IVO=10°CA
A 35 B B/ IME 2.750%107°, X & WK% VO 1Y

35

34|

33k

32 F

BTE/%
“INNY
NN

NN/
NN
NN
=
“ NN

31F

30 25 20 -15 -10 -5 0 5 10
IVO/(°)CA ATDC

8 AEIVO THHEHME
Fig. 8 BTE at different IVO

SR L AR T WA T ey, O S 22, R
JE TR, XA R TR #A HC 19 %Ak, 982> T THC

AHERL o

L 36f
S
= 30t
g
&)
2.4 |-e—NO,

2.00 F
5
=175} W
z
© 50t —A—NH,

T 3.6}

=

Y3 32t

Z

© 28 [—=—THC
_ 036}
=N
L? 0.32

028 Fo— cO

30 25 20 -15 -10 -5 0 5 10
IVO/(°)CA ATDC

9 AR IVO T NO,.NH,.THC #1 CO HIHEmiE R
Fig. 9 Emissions of NO,, NH;, THC and
CO at different IVO

W% VO 3SR, HER Y CO MR JE iz b k&
ik, 7€ IVO=-30°CA &b ik %] &z K {H 0.37%, 7£
IVO=10°CA &b ik #| fz/MH 0.27%. CO HE 2 M
5 THC KW ML, B TVO B ZER, T N K )
WA AF T o5, OB S Y £, T N R T, AR T
Co %Afk.

NH; #b 3% % — FL2 2 & sl A w20 11 )
B, 1E IVO=10°CA % —30°CA 1y X 6] H, K #R
NH, ¥ B A8 fb 3/ Bl fa a2, i B 1VO X
NH; #biR M AR

fdiF NH; #5825 72 42 NO,, £ IVO=30°CA
Ak, NO, HET e 3 15 Bl f5e KAB, M 3.65%10°. B

7



& IVO BYHER , NO, HEUHk BE 2 ¥ T 1%, 78 IVO=
10°CA AbiE 3 /IME 2.45%10°, HIZ IS5
PIEFEE VO BYEER, FHHEAUE 1 2238 K, L N5k
AR D, FLNFRAYH NO, g/l [Alis, B
HES TR AT ZI W 2ESR , 76 R 45 AR I, — 840 1=
IR AR 2t 106 2€ ) LR sl HE L, A5 6T
PR L AN o X T e R A ] S 30T NO, HE ik
A

3 & i

ARSI T HGE RIM-ZA R VLR G4 5
15 HARHY, T )R T £E BMEP=0.6 MPa, %434y 1 200
rmin |, =1, ST §-22.5°CA ATDC, 2 /5 1 i fig
BN 0.3 1, RE VO T 8% shFLAKE 5 HEjik
RIS ST . AR SCIRSE T IVO MR beRei:
(A5 ], A G BT . AR | IR S S8, OF
Iy BT X 6 [N X BTE % & sh AL ME AE A9 52 1 .
[ A, BB T IVO X5 G W HERC R 5 il #5781
THC. CO FI NO, A=A Ji#, F2Z58 0T

(1)IVO S MR -2 % s LR e fe 1 1
BESH ., B TVO $EHT, &1 e ) 5 R ) g
(B AR /1N, LU fF X 7 19 40 A2 3% 7 4E 3R . CAL0,
CAS0 F1 CA90 L 3 14 i, H 14 Jn Y e B2 Bl %5
IVO 4RI D o X RRE ST H & A B A
K, LN FR A AR 3G Z 3 TG N e S B
1. A RCPCRLE 32.1%~32.7% X A1 28 4k, K &
IR AL LA

(2) THC. CO F1 NO, 1y jil 7K - [l ¥ 52 %]
IVO W52 . BEZE TVO BYHERT, BN I B 1) P AR
/0T HC 5 CO # LML, THC 5 CO HEK
W T U T B A AR T N RSO
NO, ¥ B, [R] B 258 4t 2k i B It B8 /8 17 6T PN IR
AR HE T NO, BB i IVO X NH, 7k 1% 2 52 i
BN,

(3)IVO il 2135 15 - AU B & shHIL ) P B
S e . AEHEATTIE B [ B, A OGE HE R,
N J#% TVO 2 10°CA, A} THC, NO, 5 CO Y
I8 B e/ ME, B A FABCR AR, R 32.1%; #F
R BR e REE, N JEHE TVO = -30°CA, LA
RPERKF] 32.7%, {2 THC, NO, 5 CO ¥k 5|
SN

(4) BRI AAE R 2 T O M2 TVO R
TFIRE, Aokl 4 J 217 - 2 SU R & sl bl 4 T
T0 L, WF 5T A 6] T80 RN [R) A3 ) E B A e i b
8

I B R R DR R A AR HE B 5 v v
o M AT AR B AR R TIE T2
» AR ShpLPE REFNHER I 25 5 A

o> & M

23 3Tk ( References ) :

11 Xk, B&, XMEZE, S Nk AR 5 F AR
53 R AR (1] 754 TR, 2022, 12(4):
478-494.

LIU Yongtao, CAO Ying, LIU Chuanpan, et al. Progress

—
—

of energy and power system technologies for commercial
vehicles under China’s carbon peaking and carbon neutrality
goals[J]. Chinese Journal of Automotive Engineering,
2022, 12(4): 478-494.

21 XM, EFRE KT R IE sk e TR 7k i

[7]. BEVEFRBE LY, 2022, 36(5): 33-37.
LIU Jia, WANG Xueyuan. Thoughts on promoting the legis-
lation for carbon peaking and carbon neutrlization in Shang-
hai[J]. Energy Environmental Protection, 2022, 36(5) :
33-37.

3]  JEREM, ERFE, sRAh. (RERAEFEZE T UL AR B 1 B 5
TEZMIT (9], IR /REE TARR R, 2013, 34(7): 939-944.
FAN Decheng, WANG Shaohua, ZHANG Wei. Optimiza-
tion model of low-carbon energy consumption structure and
empirical analysis[J]. Journal of Harbin Engineering Univer-
sity, 2013, 34(7): 939-944.

[4] LI Zhehua, LIU Wendi, ZHANG Xiao, et al. Carbon
emissions from global impervious surface expansion between
1985 and 2020[J]. Science of the Total Environment,
2024, 952: 175856.

[5] REE, mkik, &, 5 PEREBSF AT SSE AR

ik & R AR DI (0] K4 R, 2022, 12(4) .
351-359.
PENG Tianduo, YUAN Zhiyi, REN Lei, et al. Pathway
for China's transport sector towards carbon neutrality
target[J]. Chinese Journal of Automotive Engineering,
2022, 12(4): 351-359.

[6] Gk, ZEmeRe, sREE, S5 VMBI R ST LR

HERCRPE RS20 [J]. REVRIRIRE AR, 2023, 37(2): 178-
186.
HUO Jinlu, LI Xiaohua, ZHANG Duo, et al. Effects of
gasoline additives on engine combustion and emissions char-
acteristics[J]. Energy Environmental Protection, 2023,
37(2): 178-186.

(71 BRIERE, ZIFE, X028, 45 BT By 5 1o s S8 BUR K

S LR B AN HE BORX S DF5E [ WA HL T #2024,
45(4): 9-15+28.
CHEN Qingchu, CAI Kaiyuan, LIU Yi, et al. Experimen-
tal study on combustion and emissions in an ammonia-diesel
dual-fuel engine based on injection strategies[J]. Chinese
Internal Combustion Engine Engineering, 2024, 45(4): 9-
15+28.


https://doi.org/10.1016/j.scitotenv.2024.175856

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

sk, B, B, G EURRRILIR B R AR R
[J]. BEVEAEE R, 2023, 37(5): 129-144.

ZHANG Yu, ZHAO Yijun, ZENG Guang, et al. A review
of the research progress of ammonia combustion enhance-
ment technology[J].
2023, 37(5): 129-144.

LIU Shang, LIN Zhelong, QI Yunliang, et al. Combus-

tion and emission characteristics of a gasoline/ammonia

Energy Environmental Protection,

fueled SI engine and chemical kinetic analysis of NO, emis-
sions[J]. Fuel, 2024, 367: 131516.

XIN Gu, JI Changwei, WANG Shuofeng, et al. Experi-
mental study of the effect of variable valve timing on hydro-
gen-enriched ammonia engine[J]. Fuel, 2023, 344.
128131.

YOUSEFI A, GUO Hongsheng, DEV S, et al. Effects of
ammonia energy fraction and diesel injection timing on
combustion and emissions of an ammonia/diesel dual-fuel
engine[J]. Fuel, 2022, 314: 122723.

FAMW, W5, FRE, F ARG T 2B a5
X e S LAY PERERZNA [J]. WA KT TR R 22224l 2024,
45(6): 1102-1110.

WANG Binbin, HU Deng, WANG Hechun, et al. Effect
of ammonia blended with hydrogen combustion on diesel
engine performance under different ignition modes[J]. Jour-
nal of Harbin Engineering University, 2024, 45(6): 1102-
1110.

WU Yan, HU Jie, LIN Yi, et al. Experimental study of
ammonia energy ratio on combustion and emissions from
ammonia-gasoline dual-fuel engine at various load condi-
tions[J]. Journal of the Energy Institute, 2024, 117:
101868.

ZHAO Zhifeng, MIAO Xuelong, CHEN Xu, et al. Simu-
lation study of diesel spray tilt angle and ammonia energy
ratio effect on ammonia-diesel dual-fuel engine
performance[J]. Energy Engineering, 2024, 121(9): 2603-
2620.

DONG Pengbo, CHEN Shihao, DONG Dongsheng, et al.
Characteristics of ammonia premixture combustion ignited by
a gasoline ignition chamber[J]. International Journal of
Hydrogen Energy, 2024, 49: 923-932.

RYUK, ZACHARAKIS JUTZ G E, KONG S C. Effects of
gaseous ammonia direct injection on performance characteris-
tics of a spark-ignition engine[J]. Applied Energy, 2014,
116: 206-215.

GRANNELL S M, ASSANIS DN, BOHAC SV, etal
The fuel mix limits and efficiency of a stoichiometric,

ammonia, and gasoline dual fueled spark ignition engine[J].

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

Journal of Engineering for Gas Turbines and Power, 2008,
130(4): 042802.

HAPUTHANTHRI S O. Ammonia gasoline fuel blends:
Feasibility study of commercially available emulsifiers and
effects on stability and engine performance[C]//United
States: SAE International, 2014.

SHER E, BAR KOHANY T. Optimization of variable valve

timing for maximizing performance of an unthrottled SI

engine—A theoretical study[J]. Energy, 2002, 27(8) :
757-775.
HONG Chen, JI Changwei, WANG Shuofeng, et al.

Assessment of a synergistic control of intake and exhaust
VVT for airflow exchange, combustion, and emissions in a
DI hydrogen engine[J]. International Journal of Hydrogen
Energy, 2023, 48(53): 20495-20506.

YUAN Zhipeng, FU Jianqin, LIU Qi, et al. Quantitative
study on influence factors of power performance of variable
valve timing (VVT) engines and correction of its governing
equation[J]. Energy, 2018, 157: 314-326.

LI Qingyu, LIU Jingping, FU Jianqin, et al. Comparative
study on the pumping losses between continuous variable
valve lift (CVVL) engine and variable valve timing (VVT)
engine[J]. Applied Thermal Engineering, 2018, 137: 710-
720.

ZHU Tiankui, YAN Xin, GAO Zhan, et al. Combustion
and emission characteristics of ammonia-hydrogen fueled SI
engine with high compression ratio[J]. International Journal
of Hydrogen Energy, 2024, 62: 579-590.
KOUTSOURAKIS N, BARTZIS J G, MARKATOS N C.
Evaluation of Reynolds stress, k-¢ and RNG k-¢ turbulence
models in street canyon flows using various experimental
datasets[J]. Fluid Mechanics, 2012,
12(4): 379-403.

FRANKL S, GLEIS S, KARMANN S, et al. Investiga-

tion of ammonia and hydrogen as CO,-free fuels for heavy

Environmental

duty engines using a high pressure dual fuel combustion
process[J]. International Journal of Engine Research, 2021,
22(10): 3196-3208.

LIU Yaodong, JIA Ming, XIE Maozhao, et al. Develop-
ment of a new skeletal chemical kinetic model of toluene
reference fuel with application to gasoline surrogate fuels for
computational fluid dynamics engine simulation[J]. Energy &
Fuels, 2013, 27(8): 4899-4909.

STAGNI A, CAVALLOTTI C, ARUNTHANAYOTHIN
S, et al. An experimental, theoretical and kinetic-modeling
study of the gas-phase oxidation of ammonia[J]. Reaction
Chemistry & Engineering, 2020, 5(4): 696-711.


https://doi.org/10.1016/j.fuel.2024.131516
https://doi.org/10.1016/j.fuel.2023.128131
https://doi.org/10.1016/j.fuel.2021.122723
https://doi.org/10.11990/jheu.202206073
https://doi.org/10.11990/jheu.202206073
https://doi.org/10.11990/jheu.202206073
https://doi.org/10.1016/j.joei.2024.101868
https://doi.org/10.32604/ee.2024.051237
https://doi.org/10.1016/j.ijhydene.2023.09.188
https://doi.org/10.1016/j.ijhydene.2023.09.188
https://doi.org/10.1016/j.apenergy.2013.11.067
https://doi.org/10.1115/1.2898837
https://doi.org/10.1016/S0360-5442(02)00022-1
https://doi.org/10.1016/j.ijhydene.2023.03.002
https://doi.org/10.1016/j.ijhydene.2023.03.002
https://doi.org/10.1016/j.energy.2018.05.135
https://doi.org/10.1016/j.applthermaleng.2018.04.017
https://doi.org/10.1016/j.ijhydene.2024.03.035
https://doi.org/10.1016/j.ijhydene.2024.03.035
https://doi.org/10.1007/s10652-012-9240-9
https://doi.org/10.1177/1468087420967873

	0 引　　言
	1 研究方法
	1.1 试验系统建立
	1.2 仿真模型建立

	2 结果与讨论
	2.1 燃烧特性
	2.2 排放特性

	3 结　　论
	参考文献

