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1.Introduction

Oil shortage problem is becoming an main obstacle restricting china’s
economic development.
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1.Introduction

the proportion of coal
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1.Introduction

In China, the total number of inland
river ships is very large ,more than
230 thousand. Therefore, the
emissions from marine diesel
engine is one of the most important
pollution source. which leads to the
damage of inland river and
surrounding.
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1.Introduction

the International Maritime Organization (IMO) has proposed increasingly strict
regulations through lower thresholds for SOx and NOx emissions, the number of ECA
zones is increasing. this is a serious challenge for china’s engine manufacturers.
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1.Introduction

To promote the application of natural gas is an effective measure to
release the pressure from energy and environment.

Oil and Gas price evolution
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1.Introduction

Comparing to traditional
diesel engine, gas and dual
fuel engine can produce lower
emissions, NOx, SOx and
PM, so no additional exhaust
gas treatment system is
needed to meet the Tier Il
NOXx requirements.
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1.Introduction

@ policy and funding support

-Develop alternative energy

€ Large demonstration projects

-Gasify Yangtze river

-Gasify canal

Ship with dual fuel engine
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1.Introduction

€ Multi-point gas injection technology

-Faster response to load variation
-Cylinder to cylinder balance

-satisfactory safety, etc

the
uic

e

9Pr0ble... of

-Shorter mixing time of gas fuel and air

-inhomogeneous mixture in intake port
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(a)No gas nozzle (b) Vertical gas nozzle (c) inclined gas nozzle
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2. 3D-model and design of gas nozzle

€ Marine gas engine

-new combustion chamber

-Compression ratio:16.5—11
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Fundamental research
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3D-model

geometry model and its mesh of the gas engine

Oct. 15/16, 7th CIMAC CASCADES, Hangzhou, China 13
2015



THE INTERNATIONAL COUNCIL ON COMBUSTION ENGINES

2. 3D-model and design of gas nozzle

€ design of gas nozzle
-single-hole gas nozzle

@)
Only one outlet at the end of pipe

-multi-hole gas nozzle

Many holes on the main pipe

-cross multi-hole gas nozzle

Four branch , different distribution
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3. Calculation conditions

€ Engine speed :1000rpm
€ Engine load : Wide Open throttle
€®Lean burn : excess air coefficient=1.6

€ Gas injection timing:intake TDC
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3. Calculation conditions

Intake TDC
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-The period of intake valve
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opening:248°CA
-The period of gas injection:
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Ignition timing: 30°CABTDC
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4. Results

single-hole gas nozzle

Case:AN_420.0:5pecies:Mass_Fraction CH4 [-]
.23

0.207
0.184
0.161
0.138
0.115
0.092
0.069
0,046
0.023
]

Case:AN_4720.0:5pecies:Mass_Fraction CH4[-]
0.13

0.117
0.104
0.091
0.078

0.065
0.052
0.039

0.026
0.013
0

Faster flow speed,
small interaction area

multi-hole gas nozzle

CaseAN_420.0:8pecies Mass_Fraction CH4[-]
0.23

0.207
0.184
0.161
0.138
0.115
0.092
0.069
0.046
0.023
0

Case:AN_420.0:Species:Mass_Fraction_CH4 [-]
13

0117
0104
0.091
0.078
0.085
0.052
0.039
0.026
0.013
a

Perpendicular to the
direction of air flow

Gas injection process

cross multi-hole gas nozzle

Casec AN_400, 0:Spaciesbass Fraction CH[=]
T

Cazse:AN_420.0:5pecies:Mass_TFraction _CH4[-]
0.23

0.207
0.184
0.161
0.138
0.115
0.09z
0.069
0.046
0.023
0

Most homogeneous

Oct. 15/16,
2015

7th CIMAC CASCADES, Hangzhou, China

17



C I MAC THE INTERNATIONAL COUNCIL ON COMBUSTION ENGINES

4. Results

single-hole gas nozzle multi-hole gas nozzle cross multi-hole gas nozzle
Case:AN_A60.0:Species'Mass_FractiorCH4 -] CRERANSN o iR raion et -1 Case:»ﬂalg_ﬂBU-ZZSdeBQIMaSS_Fracﬁm_CHfl -]
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0.184
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0.138
0.115

0.207

0.184

0.161

0138 .-"\
0.115 ’

0.092
0.069
0.046
0.023
0

0.002
0.069
0.046
0.023
0

Case AN_460.0:5pecies:Mass_Fraction CH4 [-]

Case:AN_480.0:Species:Mass_Fraction CH4[-] Caze:AN_460.2:5pecies:Mass_Fraction_CH4 [-]

0.13 0.13 '
0.117 0.117
0.104 0.104
0,001 0.091

0.078
0.065

0.052 -
0.039
0.026

0.013
0

0.078

0,065
0.052
0.039

0.028
0.013
0

Gas injection process
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single-hole gas nozzle

4. Results

Caset AN_420.0:SpeciesMazs_Fraction CHA[=]
0z

Comparing to case
2, the mixture for

Canat AN 540, 0:SpaciesiMassFraction CHA (-]

case1 and case 3 is

monro
Vi v

but no obvious rule

multi-hole gas nozzle cross multi-hole gas nozzle

CazatAN_420.0:SpaciceMase_Fraction CHA[-] Case AN_420.0:Species:Maes_Fraction CHA[-]
LE] 0.2

0.18
0.16
0.14

CasecAN.S40.0:Spocies:Mass_Fraction. CH4[~] C.:m:ag;.Mﬂ_o:spoc..:.::}»:a::_l-‘:m:x-_cltd =1
0.054
0.048
0042
0.036
003
0024
0.018
0012
0.008
0

Intake process
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4. Results

single-hole gas nozzle multi-hole gas nozzle cross multi-hole gas nozzle

Case!AN_600.0:5pecies:Mass_Fraction CH4[-]
0.05

0.045
004 o
0.035

‘. 4 ; Case:AN_600.0:Spectes:Mass_Fraction CH4[-] Caseé%lg,BOO -0:5pecies:Mass Fraction CHA[-]

0.045
£:02 0.04
. . . 01025 0.035
0.02
stratification of air 03
0.01 ‘
0,005 0.02
. 0.015
. 0.01
0.005
and fuel mixture :
- >
Case:AN_590.0:SpectesMass. Fraction CHA -] Case:AN_B90.0:Species:Mass_Fraction_CH4 (-] ki T e e
0.0849 o g::g 5
g:ﬁf’ Dodze — A O:OW i
0.041F 00427 0.0418 ——
o s gt
0.0383 K 0.0394 0.0383
0.037% 0.0383 0.0372
0.0561 0.0372 0.0361
0 s 00361 0.03%
0.035
compression process
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3. Results

single-hole gas nozzle

Case:AN_710.0:Comb:Flame_Surface_Density [1/m]

Case 3 and case 1
can produce faster

combustion.
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Case: AN _720.0:Comb:Flame_Surface_Density [ 1/m]

multi-hole gas nozzle cross multi-hole gas nozzle

Caser AN_710.0:Camb Flame_Surface_Density [ 1/m] Case:AN_710.0:Comb:Flame_Surface_Density [ 1/m]
700 700

630 A30
560 550

450 L4 490 -
350 350
280 280

210
210
140
0 140
N 70
0

Casert AN_720.0:Comb:Flame_5Surface_Density [ 1/m]
1700
1530 1530

1380 1360

Case:AN_720.0:Comb:Flame_Surface_Density [1/m]
1700

I R G R - [P SN 13234-"”
=" N x> MR P,

w10 510
340 340
170

170

0 0

combustion process
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_Smglle'h"le nozle 0.04 —Single-hole nozzle
q —Multi-hole nozzle —— Multi-hole nozzle
—(Cross multi-hole nozzle c —Cross multi-hole nozzle
0
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The peak pressure and the rate of methane combustion are
highest using cross multi-hole gas nozzle, followed by
case1 and case 2.
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3. Results

0.016
——Single-hole
nozzle
: —— Multi-hol
Faster combustion 0.012 N
also leads to higher g
NOx emission for 3
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5. Conclusions and suggestion

€ The design of gas injection nozzle can realize the reasonable stratification
of gas fuel and air mixture and improve combustion of lean burn natural gas
engine;

€ The structures of gas nozzles may be not optimum and simple, but they
can help us to understand the intake mixture process and their effect on
combustion and emission formation process, furthermore provide a
direction of performance optimization of natural gas engine

€ |n order to further optimize the combustion of natural gas engine, except
for optimizing structure of gas nozzle, other factors need to be
comprehensively considered such as gas injection timing, gas supply

pressure, and combustion chamber, etc.
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Thank you
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