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Shanghai Marine Diesel Engine Research Institute (SMDERI), founded in 1963, is
attach to China Shipbuilding Industry Corporation(CSIC.)

Main strategic business: U Ship automation system
dDiesel and gas engine U Energy-saving and environment
QStirling engine protection equipments

QPower system integration O Energy service
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Background
There are quite large marine engine market in China.
= Total newbuliding ships | Type and proportion of the newbuilding

ship

*Detail date quoted from CCS

 Bulk freighter

B Container ship

@ Barge

B Multipurpose vessel
| Passenger ship

H Tugboat

W wWarking boat

M Public service ship
u Chemical carrier

M Oil carrier

& Rebuild ship

The total inland and coastal newbuilding The proportion of each type for inland and
ships in China, during 2011 to 2014. coastal newbuilding ships in China, during

2011 to 2014.

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



t——HEMm
SAI=R

Background

Most of newbuilding ships use diesel engine for system, the power range is
1000~4000kW.

And they can just fulfill the IMO Tier I emission limits, and made lots of exhaust
pollution along the inland and coast.
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WLNG
u Diesel

Using gas can make a much lower pollution level than diesel.
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Background
*Detail date quoted from Asiachem.com
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“Limits and measurement methods for exhaust pollutants
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Complete, being build, and plan to build West-to-East Natural Gas Transmission
LNG receiving station, along the river and  prgject

coast in China.
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Introduction of M23G gas engine

MPrototype engine is a 210mm bore size diesel

engine-CS21 diesel engine

*6,8,9 cylinders, 900~1000rpm

*Power range:1320~1980kW
-Conventional fuel system/Common rail
«IMO Tier II/IMO Tier III with SCR

*For marine and power generation application

*With independent intellectual property rights
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Introduction of M23G gas engine

BM23G gas engine specification
*Bore:230mm,Stroke:320mm

*6,8,9 cylinders, 900~1000rpm

*Power range : 1200kW-1800kW @ 1000rpm

*Pre-chamber spark ignition, Gas port injection,

g8 A/F ratio control

«Fulfill with IMO Tier 111 limits and requirements

with Ministry of Environmental Protection in

China, without any after-treatment
*For marine and power generation application

sInherently safe design for marine application
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Simulation investigation of combustion

*Key point of lean-burn combustion
— Intake port

Flow and
mixture =
status

Gas inlet
nozzle

Stoichiometric (i=1) Rel. ATF-Ratio (1) an d J et
flow
flame — Piston top

|

o
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Simulation investigation of combustion
e/ntake port

Lower swirl

Higher swirl

The lower swirl intake port is modelling from the diesel engine.
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Simulation investigation of combustion
e/ntake port

Flow coefficient

3D printing intake

port pattern

Swirl number

Flow test rig

H_/;:: —— Higher swirl
N anervswwl 16

Valve lift
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Simulation investigation of combustion
‘ eIntake port BHigh swirl number intake port has
E 160
gm higher Turbulence kinetic energy (TKE)
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Simulation investigation of combustion

eGas inlet nozzle B Cells concentration near by the nozzle

|, [natural gas| |
| ¥

1

¢
air
—|| ©
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Bevel angle cut  Half bevel angle cut Multiholes
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Simulation investigation of combustion

eGas inlet nozzle

MEquivalence ratio distribution along the

vertical section in the intake port

l

B Multi-holes has the better mixture effect

N
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Simulation investigation of combustion

*Pre-chamber&Piston top *Vpc is 1.5% of Vc
*6 holes around the end of nozzle

*Long and slender neck
*Step between upper part and neck

*Very short clearance for squish

*Deep bowl! with up at the bottom central
of piston top for turbulence

*Vpcis 2.5% of Vc

7 holes around the end of nozzle

*Short and thick neck

*Smooth connection upper part and neck

*Higher clearance for decrease HC emission
= [ ]

Shallow bowl! with flat bottom
Oct. 15/16, 2015 7th CIMAC CASCADI



S

t——HEMm
SAI=R

Simulation investigation of combustion
*Pre-chamber&Piston top

- ]
= -

W Combustion reaction progress in
pre-chamber and main chamber

can show the difference obviously

710(S0I)

MDuring the whole process, B has

faster combustion reaction

progress than A

710(S0l)
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Simulation investigation of combustion
*Pre-chamber&Piston top

BAround the spark plug, B come out the

earlier initial flame core than A
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Simulation investigation of combustion
*Pre-chamber&Piston top

BAt the SOI, B has the
higher EQR( equivalence
ratio) and TKE around the

710° CAEQR 710° CATKE

spark plug.

710° CAEQR — 710° CATKE

Oct. 15/16, 2015 7th CIMAC CASCADES, Hangzhou, China 23



t——HEMm
SAI=R

Simulation investigation of combustion
*Pre-chamber&Piston top

B When the torch flame into main chamber, the combustion reaction progress in

B is more faster than A, that will be good for efficiency.
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Simulation investigation of combustion
*Pre-chamber&Piston top

— A, pressurein pre-chamber and main chamber

== B, pressurein pre-chamber and main chamber

SOETI0CA

1

Mean Fressure (Fa)
a
3

U —————————————

500 550 600 650 700 750 -
Crank Angle (deg)

BmDue to the bigger volume and earlier shaping of initial flame core, pressure in
pre-chamber with B is much higher than A, so the peak firing pressure in main

chamber also higher, that corresponds to the combustion reaction progress .
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Simulation investigation of combustion
*Pre-chamber&Piston top

BEMainly NOx emission were

generated in the pre-chamber

BB has more NOx emission
than A

Lo AT S
- L e B R - -

/ A
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Simulation investigation of combustion

*Pre-chamber&Piston top 3000

A, pressurein pre-chamber

gm-: A, pressure in mainchamber
HDue to the highly 20000 & presaurcinmamonanper
temperature in, most of NOx oy
. = 000 :
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Simulation investigation of combustion
*Pre-chamber&Piston top

M Calculation from intake
stroke to compression
stroke(400~720CA)
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Mean CH4 Mass Fraction (

Simulation investigation of combustion

*Pre-chamber&Piston top

BUnburned HC

MBecause of the short

clearance, some CH4

between the clearance can
not be ignited during whole
combustion process, so the

A type has more unburned

nozs ™ A Mean CH4 mass fraction
== B Mean CH4 mass fraction
0.02 —
0.015
0.01
0,005 —
0 T T T

500 o250 &00 650
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HC in the emission.
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Simulation investigation of combustion
*Pre-chamber&Piston top

B\Whole combustion process with transient CFD simulation result

BFor the combustion reaction progress, B is faster than A
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Summary

BMTo increase the intake port swirl number can accelerate the combustion

progress

B For multi-point admission gas engine, use a multi-holes gas inlet nozzle can

improve the mixing.

mBigger volume and round body of pre-chamber, can make more powerful
torch flame into main chamber, and accelerate the combustion rate for gain

higher efficiency, but come along with higher NOx as consequence.

mShort clearance on the piston top will give some squish effect to generate
the tumble in main chamber, but also store some CH4 as unburned HC in the

combustion process.

7th CIMAC CASCADES, Hangzhou, China
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Follow up work

B Optimization simulation of pre-chamber and piston with various

compression ratio, swirl number and initial A/F ratio

M Test validation with various test piece of cylinder head( intake port),gas inlet
nozzle, pre-chamber and piston top
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Thanks for your attention!

lixlang@csic/71l.com
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