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o Company Introduction

FHI-

IIP;iEE,hI'? ;ﬁ?hﬂ]j]fm

CNPC JICHAI POWER EQUIPMENT COMPANY

Z12V190B diesel engine was successfully
developed for oll drilling industry in China.

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

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

Gas

L6~V12

Fuel
HFO

Dual fuel

g D D W

360w

V8 ~ 20

Engine Products

L6, L8, V8, V L6, L8, L9 L6~V18
12, V16 V12 , V16, V18
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e . _ -
o CNPC-Gas Engine
’9OOI<W Straw gas
400 ~ 1200kW coal gas
-l 450 ~ 550kW Mash gas

200 ~ 1200kW l Biogas

/
110 ~ 1680kW ' Nature Gas

- 400 ~ 1000kW ' Dual Fuel
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o Gas &DF engine

Gas & Dual Fuel engine inland shipping

( ‘ Canal, Weishan Lake, Xijiang
.‘ ‘ River, Dongting Lake, etc

. £ mEE ke S A
rEamEssEEss L ) BARBEARLAS

' CNPC JICHAI POWER EQUIPMENT COMPANY
CHINA NATIOMAL PETROLEUM CORPORATION
. KUNLUN ENERGY COMPANY LIRATED

In
Reconstruction of old ship diesel _ _ o
[engine to DF engine 1 ‘ DF engine on new ship building 1

Dual fuel hereinafter DF

Yangtze River 2011. 3
+ the BeidJing—Hangzhou Grand
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1908 140 Waster gate
* Lean burning
* Efficiency 35%“46%;

| ﬁ
e closed-loop lambda control

* High energy ignition system +
.IOW pressure gas I"Illl I'II'IIIII,I/.IIIIII,‘IIIII"'llIIII'I,ICII

/\ 2 : : 2 2 2 1
, ECU
— | Inter \
T |cooler = :

Compre: ) . . . . . .

N 0\ ~ ~ W W
CRIREEENSNSERERRRIBERERSERERNNEN RERREREHRHN.]

TI-\IIIIIIIIIIIII IimEm%

4

Combustion
injection near or
integrated with fuel
injector

e Multi-inject
« Efficiency 36~38%
« Exhaust tem Lower

e Efficiency 32%
 Low quality gas ( better Antiknock )

10 CNPC JPEG



Content

® Overview
® Gas &DF engine
® DF engine in inland shipping

® summaries

= CNPC JPEC



» SEE tank :
—CHSH  BREleRE

—SEEFLRREI0E

F PARIBER heat exchanger ——
R R G 2 R ased R

» MSER gassupply pipe —
FLRAYMEIR TR RSB gf

- BENMIEHE gas engine

—/
CCS

EaEmICTLa
LN N

B IR AT ER S Y

rh 5 AR R i B N HE B R PR

Wuhan Rules & Research Institute, CCS
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» S tank
—CHSE , BAREIR0RE
— ST iEL A RmEihneE

» PCIREE heat exchanger
TRk EER K e R

» SER gas supply pipe

SRAMRTAZTIISHTER | | EL e

- BENMIEHE gas engine
& SIRATEE SN

v [ SRR i 3 X TR B R PR

Wuhan Rules & Research Institute, CCS

CCS

EIEEITIA
e o W e
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Engine Test

Optimize Pump and injector small quantity properties
SOl adjusting test

Mixer matching test

Nozzle comparison test

Unit Pump comparison test

Turbocharger matching test

Typical test reference: {Rules for classification of sea—going

steel ships ) Part 3, chapter 9 , appendix 5 {Mass Production of
Internal Combustion Engines: Type Test Conditions)

Base on diesel engine

15 CNPC JPEC



‘E.

- Engine development

Fuel Pump, Injector small quantity characters

In order to control small quantity which pilot gas burning, it must strictly

control unit pump injection properties,
company technical standard:

Speed: 600r/min stroke: 200; Fuel quantity: 2X0=X1ml rack position:: L1
Speed: 600r/min stroke: 200; Fuel quantity: 1X8=+1ml rack position:: L2
Speed: 600r/min stroke: 200; Fuel quantity: 3X+1ml rack position:: L3

Remarks : L1, L2, L3 distance between pump center to rack end
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18 EA bar]

T
=20

FEHZEE [barideg]

1§ EH [bar]

-200 = -£00

T T T
Bili] -4 20 il
Crank Angle [d=g]

Heat release & combustion tem.

P-® diagram
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ne development

5 5 XON

Y6 =

Diagram: a Diagram: b
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Diagram: a Diagram: b
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DF model running (DIF TC Compressor)
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Diesel->DF 918
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Cylinder work uniformity test

Exhaust tem. after cylinder (Diesel model)

o a0 o [ [ o [ | s

Exhaust tem. after cylinder (DF model)

5 Lo [ [ s e e |
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load shutdown test
| tem | ng/min) | PW) | npp/min) | ws) | 506

1st 961 5

2nd
e

Diesel model

DF model

1st 920 4 | 22
- PN
2nd 921 3 2.3
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1400

| - | | |
: HE]
2 Dpiesél model

il 100

?E%i%!
Speed control character

Governor property % Transient :fishing boat<<15;
other<12

speed fluctuation test 0. 36%
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Lub. Oil pressure
Emergence shutdown

vharie
NI IAUUO

HT water tem.

E
[

+ +am
L LUl .

audible & visual alarm
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Knocking test

< 3400Hz

2000 4000 BODD | SODD 10000 12000 14000 15000 18000 20000
Cursor: | 10490 Hz, L= -75 4 dB, R=-41 44 dB V¥ Linear View
Frequency: | L= 51 666 Hz (G#1 -8), R= 3227 .1 Banae |120

EFT Size: ~ | |Blackmann-Haris | | Reference |0 dBFS M

hms 4. 40 o,

=l |u|®|e] B |6
Id | dd b | kl]| @ SN S
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NOx emission
DF model

8~10% lower
Diesel mode

Authoritative organization

CCS+ Exhaust Gas Analysis Center
of DaLian Maritime University
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@ Engine development
=/ g
» S tank
— CRUSH | EEShASEE S = . Systems combined test
— S EE e RarE o

F FATIEEE heat exchanger _f
TiRslekReakiast iR

» SEW gassupply pipe ~—
SREERERBNRAHTEE .

- BENMIEHE gas engine

£ IR EE S ke
o (5 8R40 % (R 4R TE TR

Wuhan Rules & Research Institute, CCS

CCS

EiEElCTLa
LR N
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ne development

‘E.

{.h E"

LNG GVU + DF engine performance test :

g/kwh

combined

factory

comb i ned

factory

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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» S tank :
—CESH , BRREIRHEES

—SEELHREE

» PAEEEE heat exchanger
SRR REAKia TR

» HSER gassupply pipe —
FREIL S TR T o

- BIMBEAE gas engine  _\
& SIRATEE SN

P [ SRR o IR T R R PR

Wuhan Rules & Research Institute, CCS
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Etesive frore 1™ Septemines. 5904

@ ﬁ }i ﬁ SR DAL
ﬂ } *_ Rules for Natural Gas Fuelled Ships

wWuban - Universilty of Technology

P AU B ATRLE v -

WUHAN JIAOFA SHIP DESIGN CO., LTD
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APPLICATION

DF Engine in Inland Shipping

HaiChuan No.2 & No. 3

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

DIESEL-LNG ENGINE (400kW) 1pc
DIESEL-LNG GEN-SET (64kW) 1pc
LNG GVU 1pc
LNG tank and gasifier (15m3+ 200m3)

Safety protect ,engine control cabinet

The Bei jing—Hangzhou Grand Canal

1pc
1pc

SERVE IN 2013

36
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HaiChuan No.2 & No. 3

| Total length | 79. 62

| chip length T6. 20

m m | 78.66 m
IW' 13. 60 m [ Ship depth maximum | 13.63 m | Modeldepth _4. 70 m
Ship height maximum | 21. 05 m [ Water line noload | 1. 080 m | fullload Waterline length 3. 950 m
| full load displacement | 3586. 044 It Mo load displacement 745.638  t | modelype Mixed frame type, duel housing
running zone :Achss | AZR et leg J 2_ engine material steel type |
No of barm 9 barn cap type —_— Rib plate 10
Referenced | Qperationzone Class A Class B
cargo  load
quantity loadl cargo quantity 2773.93 2924. 31 4
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Ship power
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monitor

Main power

monitor

monitor

el el -l vl el e
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HaiChuan No.2 & No.3

Select the local remote control ]

¥

v

Tum the SA2 switch to position 1.
The engine is in local control model, and
the local control indicate lamgp GD4 §s on

Tum the local dual fisel change-over
switch o the pure diesel model.

Mo "L revew cusd el ok s -
over switch 5A5 and the remote stop

'

Tum thie SA2 switch o position 2.
The engine is in remote contol model, and
the rmmote contrel indicate lamp is on.

Sore Lhwlacal dml md changeover
switch 545 and the local stop switch

bad cm e sodvased

Tum the remote dual fisel change-over
switch © the pore diese] model.

v

Check if the local stop switch SA6 and the
lanal/par aste spuerpe mey vtap botan B0 e
rdeased.

Nao
—

The local pure diesel model
indi=aee lnpas GD3 i 26 amd e
dicsel solenoid valve is close.

Check if the local stop switch SAG and the
lmanl/remate apeepenesy wap batten £01
released

Ne
—

The remote pure diese] moded
indiznte lamyps CDF in aFF and the
dicsel solenoid valve is close.

Yes

Release the local stop switch 5AG
and the local'remote emergency
stop burton SB1.

The loal pure disse]l model indicate Lanp
GD3 iz aa, and the diz22] salmald valve {2
open.

The engine is runming in pure desd
miede].

Yes

v

Release the remote stop switch
346 and the local remoe
SmEng ency stop butien SH1.

The recnote pure desel model indicate

o 8003 s on, and the desed wolmald
valve is open

The engineis ruming in pure diesel modsl.

CNPC JPEC
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Engine running in dual fuel model  GEEIEY LY

The operatar check whether the exhanst temperaure of the Yo _ | Itis not allowed to switch to the dud fuel model. The
pure diesel model is up to the high alam value. " | enginewill go on running in the pure diesel model.
‘ No
The operatar check whether the gas pressure of the pure diesel Yes o | Itis notallowed to switch to the dud fuel model. The
model is up to the high alarm value. " | enginewill go on running in the pure diesel moddl.
* No
Yes
Switch the local or remote dual fuel change-over switch to > Isth + stop button in action? | Close the gas solenoid valve and the diesd
dud fuel model manually. | te emegency stop utien w aston " | sclenoid valve. The engine is stop.
¢ No
Yes
The engine speed and the diesel throttle position signal . The PLCwill chedc whether the gas pressure is up to the | Close the gas solencidvave .
high dose limit. " | The engine is nnning in pure diesel model.
* *- No
02
The dual fuel controller DFC-02. | The PLCwill check whether the exhaust temperature is up Yo o | Close the gas sdlencidvalve .
to the high close limit. " | The engineis running in pure diesel model.
The cual fusl conroller deddes thevalve opening of
the gas valve according to the gas valve MAP
The MAP s made accordng to the spaed and the No
d esel throttle podtion by the doal fuel controller.
The dual fuel controller dedi des whether admit switching to | Whether the PL Creceive the signal of openning gas o | Closethe gas sdlencidvalve .
the dnal fu d model, and sends the s gnai to PLC. " | sdencidvalve from the dual fuel contraller? " | The engine is running in pure diesel model.

g Vs

Open the gas solenoid vdve .

*

The engineis running in the dual fud model.
Thelocl o remote dual fuel mode indicate lamp is on.

41 CNPC JPEG
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Engine stop from DF running

HaiChuan No.2 & No.3

The engine is running in dual fuel model |

l

Turn the dual fuel model change-over switch to

Release the stop button.

The relay K6 is de-energized and open.

The diesel solenoid valve is close.

The remote or local pure diesel model indicate

the pure diesel model.

lamp is on.
4

The dual fuel controller will receive the switching
command, exit the dual fuel model, close the gas
throttle ., and send the close signal of the gas
solenoid valve to PLC by the relay K10.

The engine is stop.

)

'

The relay K6 is energized and close.
The diesel solenoid valve is close.
The remote or local pure diesel model indicate

The PLC will close the gas solenoid valve by the

lamp is off.

relay K2.

Slowdown the engine speed to the idle speed,
then press the remote or local stop button.

The gas solenoid valve is close.

The remote or local dual fuel model indicate lamp
G2 is off.

The pure diesel model indicate lamp GD3 is on.

A

Slowdown the engine speed to the release
speed, and release the clutch.

CNPC JPEC
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HaiChuan No.2 & No.3

| Press the remote or local emergency stop button SB1. |

The relay K4 is de-energized. I

'

| The relay K5 is de-energized. I

v

The contact K4 is open.
The gas solenoid valve isclose.

The gas throttle of the dual fiel

The dual fuel controller exit the control.

model is close.

v

The remote or local dual fuel

The relay K5 is de-energized.
The contact K5 is close.
The diesel solenoid valve is close.

Y

The remote or local pure diesel

modelindicate lamp is off. model indicate lanpis off.
The engine is stop.
The relay K4 is energized, and the
contact K4 is close. ] The relay K5 is energized, and the

But, because the speed is 0, the dual fuel

controller will exit control automatically, [-—

and send the signalto PLC.
The PLCwill colse the gas solenoid
valve by the relay K2.

Release the remote or local
emergency stop bution.

contact K5 is open.
—= The diesel solenoid valveis open.
The remote or local pure diesel model

Y

indicate lamp is on.

Tum the remote or local dual fuel change-over switch
to pure diesel model manually.

43
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JPEC DF ENGINE O

BN o e

Rules for Matural Gas Fuelled Ships

s A A EH

e e S

WuHan HaiChuan No 2/3 DF engine cargo Aug. 2013

{Rules of Natural Gas Fuelled Ships) effective form 1th Sep. 2013
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No 2 XingTong

reconstruction

Danjaingkou, H
ubei province

(First duel fuel en

2/9 finished

Guigang, Guangxi
province

(First duel fuel engine ship build in

+y Beijing HangZhou Grand Canal)

Yancheng in Jiangsu
province, 5/10
. finished.

"PuHai 211”container
ship reconstruction.
finished in May,2014;

ine new
ship build in G.uanggﬁlsuw%\._‘E
»

M..‘-‘——ﬁ' it is the first re-construction ship

y according to the new regulation
g
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EBR W% ; TEiths : Miskids REBE WIKED DR

Gas power station in Sahara, Niger Duel fuel engine for drilling, Hainan,

China

IGFETEHAE , STBEFESRUAE ( 558 )

Gas engine powared compressor sets, Kazakhstan
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Content

Summaries
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Summary

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
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Summary

I do believe that our effort can enlarge clean

energy’s application furtherly, and inland river

&lake will become more and more clean!
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Thank youl!

ChuanguoXu LingjinWang DanLli

FEAMERG R I B
CNPC JICHAL POWER EQUIPMENT COMPANY
2015/10/19
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