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Company�Introductionp y

1965�� Z12V190B diesel engine was successfully 
d l d f il d illi i d i Chi

1988

developed for oil drilling industry in China.   

1988��The first gas engine with medium & large power in 
China was born in our company.

2010��The company name is changed  to CNPC JiChai 
Power Equipment Company.

CNPC JPEC33



Engine productsEngine products

[值]kW

Engine Products
Fuel

Diesel HFO

[值]
[值]kW[值]kW

[值]kW [值]kW

[值]kW
Gas Dual fuel

140 175 190 26/32 32/40

[值]kW [值]kW [值]kW
[值]kW

[值]

L6～V12 V8～20 L6, L8, V8, V
12 , V16

L6,  L8, L9
V12 , V16, V18

L6～V18

CNPC JPEC44



Content

OverviewOverview

Gas Gas &&DF DF engine engine 

DF engine DF engine in inland shippingin inland shipping

summariessummaries

CNPC JPEC5



CNPC-DF EngineCNPC DF Engine

Diesel / DF model conversion with one key

Without loss of diesel engine power

Speed control performance is the same as Diesel engine

flexible proportion adjustmentflexible proportion adjustment

2000 series�DF�gen-set 3000 series�DF�gen-set C、L4/6/8-190 DF�marine�engine DF�Engine in�XinJiang
TUHA,2005
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CNPC-Gas Engine

秸秆气发动机900kW

CNPC Gas Engine

St

瓦斯发动机

秸秆气发动机

400～1200kW

900kW

coal gas

Straw gas

煤气发动机

400 1200kW

450～550kW Mash gas 

g

沼气发动机
200～1200kW Biogas 

双燃料发动机

天然气发动机
110～1680kW Nature Gas
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双燃料发动机
400～1000kW Dual Fuel
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Engine developmentEngine development

Certification doc of DF ENGINECertification doc. of DF ENGINE
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Gas &DF engine g

Yangtze River 2011.3
+ the BeiJing Hangzhou Grand+ the BeiJing-Hangzhou Grand 
Canal, Weishan Lake, Xijiang
River,Dongting Lake, etc

CNPC

R t ti  f ld hi  di l Reconstruction of old ship diesel 
engine to DF engine

DF engine on new ship building

Dual fuel hereinafter DF

CNPC JPEC99
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CNPC-Gas EngineCNPC Gas Engine

Waster gate 1190& 140
• Lean burning
• Efficiency 35%~40%
• closed-loop lambda control
• High energy ignition system

1190&�140

Before�TC

• low pressure gas

Inter
ECU

Inter 
cooler

Compressor 
bypass

2��190
Manifold 3

4
C b i

• Multi-inject
• Efficiency�36~38%
• Exhaust�tem��Lower��Gas train

Manifold� 3
Intake�port

260�320

Combustion�
injection�near�or�

integrated�with�fuel�
injector

• Efficiency 32%
• Low quality gas （ better Antiknock ）
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Engine developmentEngine development

2
3

1
3

1
excerptexcerpt

CNPC JPEC1212



Engine developmentEngine development

11
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Engine developmentEngine development

DF model running

G ( li l b MAP)

DF model running

Gas (max quality control by test MAP)

y:fuel

Diesel quality   

y:fuel 
quality

Diesel quality target: DF model the 
most economical running curvemost economical running curve 

X:speed

CNPC JPEC1414



Engine developmentEngine development

Engine Test fig ti

Optimize Pump and injector small quantity properties

SOI dj ti t t

Engine Test configuration

SOI adjusting test

Mixer matching test 

Nozzle comparison testNozzle comparison test

Unit Pump comparison test

Turbocharger matching testTurbocharger matching test

Typical test reference:《Rules for classification of sea-going 
steel ships 》Part 3,chapter 9 ,appendix 5《Mass Production of 

Base on diesel engine
Internal Combustion Engines: Type Test Conditions》

CNPC JPEC1515



Engine developmentEngine development

F l P I j t ll tit h tFuel Pump, Injector small quantity characters 

I d t t l ll tit hi h il t g b i g it t t i tlIn order to control small quantity which pilot gas burning, it must strictly

control unit pump injection properties,

company technical standard:company technical standard:

Speed：600r/min stroke：200; Fuel quantity：2X0±1ml rack position:：L1

Speed：600r/min stroke：200; Fuel quantity：1X8±1ml rack position:：L2p / ; q y p

Speed：600r/min stroke：200; Fuel quantity：3X±1ml rack position:：L3

Remarks ：L1、L2、L3 distance between pump center to rack end

CNPC JPEC1616



Engine developmentEngine development

DF model running (DIF SOI: 14 vs 17)DF model running   (DIF SOI: 14 vs 17)

P-Φ diagram Heat�release�&�combustion tem.
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Engine developmentEngine development

DF model running (DIF MIXER)DF model running   (DIF MIXER)

Diagram:�a Diagram:�b

CNPC JPEC1818



Engine developmentEngine development

DF model running (DIF nozzle)DF model running   (DIF nozzle)

Diagram:�a Diagram:�b
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Engine developmentEngine development

DF model running (DIF fuel pump)DF model running   (DIF fuel pump)

Diagram:�a Diagram:�b
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Engine developmentEngine development

DF model running (DIF TC)DF model running   (DIF TC)

Diagram:�a Diagram:�b
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Engine developmentEngine development

DF model running (DIF TC Compressor)DF model running   (DIF TC Compressor)

Diagram:�a Diagram:�b 压气机特性曲线与发动机运行线对比图
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Engine developmentEngine development

Fuel model convert testFuel model convert test 

Model  nmax(r/min) nmin(r/min) T(s)

Diesel->DF 918 900 12
DF->Diesel 900 875 11

CNPC JPEC2323



Engine developmentEngine development

Cylinder work uniformity test

Exhaust tem  after cylinder（Diesel model）

Cyl. 1 2 3 4 5 6 7 8 average deviation

Exhaust tem. after cylinder（Diesel model）

T（℃） 464 465 456 432 453 457 434 462 452.7 4.6%

Exhaust tem. after cylinder（DF model）

Cyl 1 2 3 4 5 6 7 8 average deviationCyl. 1 2 3 4 5 6 7 8 average deviation

T（℃） 463 461 453 461 452 450 453 448 455.0 1.8%

CNPC JPEC2424



Engine development

load shutdown test

Engine development

load shutdown test
Item n(r/min) Pe(kW) nmax(r/min) t(s) δ(%)

1st
before 900 749.7

961 5 6.8
after 912 5.5

2nd
before 900 748.9

958 4 6.4
after 911 5.2

Di l d lDiesel model

Item n(r/min) Pe(kW) nmax(r/min) t(s) δ(%)

before 900 750.8

DF model

1st
before 900 750.8

920 4 2.2
after 898 5.6

2nd
before 900 749.2

921 3 2.3
after 899 6 1

CNPC JPEC2525
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Engine developmentEngine development

Increase speed test 540rpm/162kW->900rpm/750 kWIncrease speed test 540rpm/162kW >900rpm/750 kW

Diesel model DF model

ITEM Standard Test data
Stable speed regulating rate ≤8

Speed control character

Governor property %
Stable speed regulating rate ：≤8

Transient :fishing boat≤15；
other≤12

0.9

speed fluctuation test 0.75% 0 36%

CNPC JPEC2626

speed fluctuation test 0.75% 0.36%



Engine developmentEngine development

Safety protection device testSafety protection device test
Over speed 

Lub. Oil pressure

Emergence shutdown

Exhaust temExhaust tem.

HT water tem.

……

CNPC JPEC2727



Engine developmentEngine development

Knocking test
<3.4KHZ < 3400Hz

Knocking test

CNPC JPEC2828



Engine development

DF model running (Emission test measurement)

Engine development

DF model running   (Emission test measurement)

NOx emission 

DF model 
8~10% lower 

Diesel mode 

Authoritative�organization
CCSCCS+ Exhaust Gas Analysis Center 
of DaLian Maritime University

CNPC JPEC2929



Engine developmentEngine development

2
Systems combined test 

2
11
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Engine developmentEngine development

DF E i T f I l d Shi iDF Engine Test for Inland Shipping

Soli-valve

mixer

FILTER

P-reducer Manu-valveSole-valveair/gas ratio 
controler

CNPC JPEC3131



Engine developmentEngine development

Auxiliary�DF�genAuxiliary�DF�gen--set�set� LNG�tankLNG�tankLNG�gasifier+�GVULNG�gasifier+�GVU

heat-recoveringMonitor�&�Monitor�&�
control�control� Main��DF�engine�Main��DF�engine�

CNPC JPEC3232



Engine development

LNG GVU + DF engine performance test：

Engine development

LNG GVU + DF engine performance test：

g/kwh 25% 50% 75% 90% 100% 110%

DI
ES

EL combined 240 220.5 210 211.2 213.8 218

factory 277 217 219 212.6 219.1 221.6

DF

combined 115 55 45.7 60 81 106.8

factory 131 62.8 41.9 67.9 96.5 131.1

In each operating intervals, to memorize fuel consumption in 
pure diesel oil and duel fuel operation, compared with FAT test 
results, if the two figures are all same, that illustrates the GVU could 
satisfy dynamitic module utilization requirement.
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Engine developmentEngine development

2
On set test 

11
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Engine products

DF Engine in Inland Shipping

Engine products

DF Engine in Inland Shipping
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APPLICATION

DF Engine in Inland Shipping H iCh N 2 & N 3

3100T Dual fuel engine cargo (later to container ship)

DF Engine in Inland Shipping HaiChuan No.2 & No.3

• DIESEL-LNG ENGINE（400kW） 1pc

• DIESEL-LNG GEN-SET（64kW） 1pcDIESEL LNG GEN SET（64kW） 1pc

• LNG GVU 1pc

• LNG tank and gasifier（15m3+ 200m3 ） 1pc

• Safety protect ,engine control cabinet 1pc

The Beijing-Hangzhou Grand Canal SERVE IN 2013

CNPC JPEC3636



Engine developmentEngine development

DF Engine in Inland Shipping H iCh N 2 & N 3DF Engine in Inland Shipping    HaiChuan No.2 & No.3
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Engine developmentEngine development

DF Engine in Inland Shipping H iCh N 2 & N 3DF Engine in Inland Shipping    HaiChuan No.2 & No.3
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JPEC DF ENGINE ON SHIPJPEC DF ENGINE ON SHIP

DF Engine in Inland Shipping H iCh N 2 & N 3
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Engine developmentEngine development

DF Engine Start HaiChuan No 2 & No 3DF Engine Start HaiChuan No.2 & No.3
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Engine developmentEngine development

Engine running in dual fuel model HaiChuan No 2 & No 3Engine running in dual fuel model HaiChuan No.2 & No.3
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Engine developmentEngine development

Engine stop from DF running HaiChuan No 2 & No 3Engine stop from DF running HaiChuan No.2 & No.3
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Engine developmentEngine development

Emergence stop from DF running HaiChuan No 2 & No 3Emergence stop from DF running HaiChuan No.2 & No.3
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JPEC DF ENGINE APPLICATION

DF Engine in Inland Shipping HaiChuan No 2 & No 3

JPEC DF ENGINE APPLICATION

DF Engine in Inland Shipping HaiChuan No.2�&�No.3
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JPEC DF ENGINE ON SHIPJPEC DF ENGINE ON SHIP

DF Engine in Inland Shipping HUAN CHUAN 2# & 3#DF Engine in Inland Shipping HUAN�CHUAN�2#�&��3#

WuHan HaiChuan No 2/3 DF engine cargo    Aug. 2013
《Rules of Natural Gas Fuelled Ships》 effective form 1th Sep. 2013

CNPC JPEC45



JPEC DF ENGINE APPLICATIONJPEC DF ENGINE APPLICATION

DF Engine in Inland Shipping OTHER INLAND SHIPPINGDF Engine in Inland Shipping OTHER�INLAND�SHIPPING
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JPEC DF ENGINE APPLICATION

DF Engine in Inland Shipping

JPEC DF ENGINE APPLICATION

No 2 XingTong Yancheng in Jiangsu 

DF Engine in Inland Shipping

(First duel fuel engine ship build in  
Beijing HangZhou Grand Canal)No 2 XingTong

reconstruction

Danjaingkou, H
ubei province

Yancheng in Jiangsu 
province, 5/10 
finished.

Beijing HangZhou Grand Canal)

”PuHai 211”container  
ship reconstruction. 
finished in May,2014;2/9 finished 

(First duel fuel engine new 
ship build in GuangXi )

2/9 finished 

Guigang, Guangxi 
province it is the first re-construction ship 

according to the new regulation
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JPEC DF ENGINE APPLICATIONJPEC DF ENGINE APPLICATION
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Summaryy

Safety

Customer pay more attention on cost  many key function part’s price Customer pay more attention on cost, many key function part s price 

is much higher, such as control system, gas control valve, mixer……

Also we realize the DF engine maintenance work is 

difficulty, especially injector and fuel pump’s calibration

CNPC JPEC5050



Summaryy

I do believe that our effort can enlarge clean I do believe that our effort can enlarge clean 

energy’s application furtherly, and inland river gy pp y

&lake will become more and more clean!&lake will become more and more clean!
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Thank you!
ChuanguoXu    LingjinWang    DanLi
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