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ACKZrouna - Advantages & Disadvantages

ENGINE LAR

O Advantages and disadvantages of HCCI engine

HCCI — Usage of the different type of fuels

Engine Ultra low NOx & PM emissions
Advantages Improved fuel economy

HCCI — Excessive combustion rate

Engine Engine noise
Disadvantages

HC and CO emissions
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ACKZrouna - Research Fields of HCCI Engine

HCCI Engine research

Direct injection — Gasoline
EGR and internal EGR LPG
Compression ratio DME + =< Hydrogen
Intake charge Methanol and
temperature - Ethanol
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ENGINE LAB

Dual-Fuel HCCI Combustion
Based on Sl Engine

I
- LPG Port and DME Direct HCCI
- Comparing Propane and Butane




xperimental apparatus

Type Desaription

Number of 1
Cylinder
Programmable ECU Bane ( m m) BE
Programm Sv‘d(e ( mm ) '=|3.5
able ECU
oot Displacemert 493.7
valume (cc)
Compression 13.0
PP — ratio .
RPM 1000
o e Intake Valwe
LPG [ (MEXA1500D) Open 1
- ableEcu (CAD)x




xperimental Conditions TR

- Type -Naglen'sly
w
5 T Engine Speed
W
o L (RPM) 1000
1 DME 3 3 3
.“E i 1rue.ct|on 41,3
E | LPG Iniection Timing SN2y L7
o - (J/stroke)
£ [ e LPG injection 27k
E i DME injection Timing Quantit IBL
E i \ l (J/stroke) Lua
= L . Propane
v LPG composition Butane
B i ] i 1 i 1 i 1 i 1 i 1 i
0 60 120 180 240 300 360 420

Crank angle degree (CAD)




Experimental Result and Discussion TR

Output Performance — Indicated Mean Effective Pressure (IMEP)

IMEP (kPa)

[ DME combusted with Propane . Butane

DME injection: 413 J/stroke, at Optimal timing (240 CAD)

450
—A Propane
—W— Butane
400 |-
- A : :
30} A — I!]"EP was (-:Ie.cr*e‘?sed in spite of :
V/‘ lInareased 1njection propane quantity
300 V
250 L L 1 . 1 . 1 , 1

280 320 360 400 440
LPG injection quantity (J/stroke)

* The maximum IMEP was increased around 360 kPa
» Average IMEP was higher when propane was used 1




Experimental Result and Discussion o

Output Perfarmance - Indicated Mean Effective Pressure OMEP)

[ DME combusted with Propane . Butane

DME injection: k77 J/stroke. at Optimal timing (240 CAD)

450

—A Propane
ne

400 -

IMEP was kept inareasing as addition

of LPG

IMEP (kPa)
w
a1
o

300 |+

250 | 2 | 2 | 2 | 2 |
280 320 360 400 440

LPG injection quantity (J/stroke)

e The maximum IMEP was inaeased aound 400 kPa
e Average IMEP was higher when propane was used 12




Experimental Result and Discussion ENGINE LA

Output Perfarmance - Indicated Mean Effective Pressure OMEP)

Inareased igrition delay
-> Portion of positive work is inareased

—— Butane: 276 J/stroke
=== Do 286 J/stroke
8 J/stroke

00_1_ 1 . |

330 Suppressed entire combustion reaction 380 390
-> Total amount of work 1s deaeased

e Betta~ anti—knocking property of propane -> More suppression of combustion

20} v—o
/ ‘_ Propane : 276 J/strokeH g P/
1.0 = i S

in-cylinder pressure (MPa)
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Experimental Result and Discussion

(1)

ENGINE LA

in-cylinder pressure (MPa)

Output Perfarmance - Induced Mean Effective Pressue (IMEP)

DME: k77 J/stroke. injected at Optimal timing (240 CAD)

Propane Butane
8.0 8.0
7.0 701 A2
; T PR
6.0 S 60
5.0 @ 50t
| =]
? _
4.0 o 40
3 o
3.0 5 3.0r
- £
2.0 = 20r
r Propane : 276 J/stroke o — Butane: 276 J/stroke
10F - - - -Propane : 386 J/stroke c 1.0F - - - - Butane: 386 J/stroke
0.0 i | | ~ Propane : 448 J/stroke I , . [ Butane: 448 J/stroke

330

340

0.0
350 360 370 330

Crank Angle Degree (CAD)

380 390 340 350 360 370 380 390

Crank Angle Degree (CAD)

* Enough amount of DME -> no suppression of entire reaction

-> increased igrition delay & maximum pressure
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Experimental Result and Discussion ENGINE LA

in-cylinder pressure (MPa)

Output Perfarmance - Induced Mean Effective Pressue (IMEP)

2.0 F
10F

00—

330

* Enough ¢

Inceased igrition delay. maximum pressure
2~ maxinum pressure rise rate

Hight = 1oadl T mtatien

T Yoo —

O3,
N
\I
e
3

. stroke
- - - - Butane: 386 J/stroke
'stroke

Propane : 276 J/Stroke
- - - -Propane : 386 J/stroke

Severe noise and knocking occurs

-> 1ncreased 1grmtion delay & maximum pressure
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ummary - DME HCCI combustion in Single Fuel Engine

The effect of LPG composition in a DME-LPG dual-fueled

HCCI engine at various injection quantity and injection
timing was observed

1. In a DME HCCI engine, higher load limit was extended by using LPG as an
ignition inhibitor

2. If injection quantity of LPG exceeds certain level compared to injected quantity of
DME, IMEP was decreased

3. Propane was more effective way to increase IMEP in this study
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Summary — DME HCCI combustion in Single Fuel Engine

ENGINE LAB




ENGINE LAE

Dual-Fuel HCCI Combustion
Based on Sl Engine

B
- Gasoline + DME HCCI
- LPG + DME HCCI

18




xperimental apparatus g

Pressure regulator

> DME supplying system

Supply pressure 5MPa /

DME direct injection system

1 Programmable ECU
roge I .
Gasoline
'“ y Gasaling port fuel injection system
Gasoline tan \ Combustion
} Pressure Transducer
Fuel rail
L~
— Lambda meter (LA4)
Exhaust Pressure gauge
Supply pressure 1.5MPa ﬂml O
Knock
K sensor Exhaust Gas Emission
Intake ’ Analysers
Motec M4 | Charge V- ) (MEXA1500D)
P Programm heater X d Encoder
able ECU system

19 LPG port fuel’injection system




xperimental conditions

ENGINE LAE

6 o O Experimental conditions
— 9015} IVO timings “ Engine Speed’ 1000
eI NN i
o 4‘°1°W IVO [ATDC] -29,-19,-9,1, 11
2 3 [[005} ‘ DME injection 110
S | EVC timing timing [ATDC]
g 2 _0'0(-)35-9',0-2'5-2'0-1'5-1'0 50 5 1015 212 2.41. 2.57
£ Aota 2.77,2.91
© 1t DMEanectlontlmlng
AovE 3.7
0 """"" R ——— Intake air
-50 50 100 150 200 250 300 350 400 450 500 30
temperature, °C
Crank angle degree [CAD]
Coolant/Qil
temperature, °C 80/80
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0 engine

ENGINE LAE
IMEP in Gasoline HCCI [bar]
29] IMEP in LPG HCCI [bar]
29F
2.8 F .
28F
27} L
_ 27F
gz.e -
© 26
325 -
£ o
© B

INd
i

Lambda total
N
[8)]

2.4
2.3
2.3
2.2
2.2
-20 -10 0 10
IVO timing

-20 -10 0 10
IVO timing

IMEP was decreased due to negative work

74

_ c,/

imep =
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CO, emissions of HCCI

ENGINE LAB

The difference of CO2 emission [%)]

Lambda total

S
'0 \'&\lé\\ Sp

increased

1VO timing

(30}

< S |

-20 -10 0 10
IVO timing

CO, LP
gasoline
low carbon contained

high octane number fuel

retarded

Aiotal

decreased

Difference = LPG - gasoline

CO2 emission from Gasoline HCCI [%]

29F
[ 425 4.1 6.20
r 6.05
2.8 44 5.90
I 5.75
455 5.60
27 5.45
r 5.30
_ 47 015
[l - 5.00
I 26 = 4.85
| 4.70
©
° 455
225 4.40
4.25
< 410
2.4
2.3
2.2
-20 10 0 10
IVO timing
CO2 emission from LPG HCCI [%]
29}
5.50
2.8 5.35
5.20
5.05
2.7 4.90
4.75
4.60
T s 4.45
T2 430
% 4.15
4.00
B2s 385
£ 3.70
[ 3.55
-

2.4
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- compuston in vuai rue

ngine

LPG-DME HCCI engine

Combustion characteristics

1. The operating range of LPG-DME H
gasoline-DME HCCI engine due to h
octane number.

2.The CO, emission of LPG-DME HCCI
gasoline-DME HCCI engine.

phase control
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Dual-Fuel HCCI Combustion
Based on Cl Engine

B
- Hydrogen Port and DME Direct HCCI
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Experimental setup SR Ak
INAAA] LALC

Fuel optical

---------------------------------------

[L 0 o ¢

chamber

Engine type

-

Injection control

| 1 Common-rail ) |,=====-=: system : :
.I Single cylinder DICI
Pneumatic M pmmm———— Pressure sensor ===, .
PUmp) —l ; i  Displacement
an 498 cc
— e coanavzer )i Bore x Stroke
: Smokemeter E E
? ’ ....... : ' 83 x92 mMmm
° Data acquisition
H\ Surge . system Compression ratio
Tank : .
DME Syn- NI ; 14.8
N> : Q : High speed .
gas s \" °nI° '>|:| [ Camera
Fuel storage T Single cylinder BagﬁtZ?ss
Intake air diesel engine

- DME Common-rail injection system (igniter)
Fuel injection type

H2 CNG injector (port fuel injection)
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Xperimental SEtup - Hydrogen injector

Hydrogen injection system

® Hydrogen injector : Bosch CNG injector
TPy V““‘ "{&af' : aw n pT

-----
i

— Peak and Hold (2A/0.5A)
— Supply voltage : 6 — 16V
— Operating temperature : -20 - 70°C

— Operate up to 2 injectors at once
- Supply voltage : 220V
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Operating conditions - Effect of DME Injection Timing

ENGINE LAB

Fuel
Engine speed
Compression ratio
Load
Injection timing of DME
Injection timing of H,
Injection quantity of DME
Injection quantity of H,
Coolant temperature

Intake air temperature

DME / H,
1200 rpm
14.8
0.2 MPa
40~2 CAD BTDC
360 CAD BTDC
5mg(fixed)
varied(meet 0.2MPa IMEP)
80°C
30°C

27




xperlmenta reSults - In-cylinder pressure and HRR

ENGINE LAR
Engine speed: 1200rpm
Tintake 30°C ® DME injection Before
IMEP: 0.2 MP
= BTDC 10 CAD
_ - - - BIDC30CAD .
= o -.-gmcaocap - In-cylinder pressure and
2, B - Bmcxcad HRR were increased with
A s | ‘ retarding DME injection
Q
i -LTR and HTR were
% observed
cC

DME injection After
BTDC 10 CAD

- In-cylinder pressure
and HRR were increased
with advancing DME
Injection

HRR[J/CA]

> - only HTR was

Crank Ie]CAD]
Angel) observed
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Xxperimental resu tS — HC and CO emission

ENGINE LAE

HC [ppmC]

1200

800+

DME injection timing [CAD BTDC]

-40 -35 -30 -25 -20 -15 -10 -5 O

1600 —M8M———————————1——
K
' o
400+
' \.\ /°
0 ° o—*
N\
\ /‘
2
\’/‘

0
-40 -35 -30 -25 -20 -15 -10 -5 O
DME injection timing [CAD BTDC]

® CO and HC were not burned
when DME was injected

before BTDC 30 CAD due to
low combustion temperature

- @ After BTDC 10 CAD DME

iInjection CO and HC emissions
started increase
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Xxperimental resu tS — NOx emission

ENGINE LAE

DME injection timing [CAD BTDC]

-40 35 30 25 20 15 10

-50

/\

150
120
90

w

0

o
S
NOXx [ppm]

0

® NOx Emission was maximum when DME is injected at

BTDC 10 CAD

® At BTDC 10 CAD DME injection, Heat release rate was

Maximum
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Summary — Hydrogen + DME HCCI combustion

ENGINE LAB

1.

Combustion phase was retarded with higher portion of Hydrogen due to
consumption of OH radial.

DME injection timing can control the ignition timing of Hydrogen-DME HCCI
combustion.

. With DME injection before BTDC 10 CAD, Low temperature reaction and high

temperature reaction were observed.

With DME injection after BTDC 10 CAD, only high temperature reaction was
observed

. CO and HC were not burned when DME was injected before BTDC 30 CAD due

to low combustion temperature

. NOx Emission was maximum when the HRR was maximum.

The strategies to increase the combustion temperature such as fuel
stratification are needed to improve the combustion efficiency and combustion
stability.
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Summar _
y ENGINE LAE

. IMEP increase . .
Single fuel HCCI =& High cetane « Exhaust gas recirculation

Fuel (DME) - Late burn

(Dilution, Heat capacity)

Ignitiogtiming =» Combustion phase control

= Increased IMEP

High Octane 1
Fuel (LPG, Gasoline, .. ]
Hydrogen) Limited by knocking
Dual fuel
BDC TD_C
Early Injection timing Late
HCCI PCCI i Conventional CI

Local rich region and temperature drop
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