2006



............................................................................................................................... iv
RO 1
PP UPPRTTRUPPIN 1

1 2 (HCCI) et e 3
1 2 1 HCCL e 3

1 2 2 HCCL e 7
L2 3 14

1 2 4 HCCIL 14

1 2 5 HCCL 18

1 2 6 19

I USSP UPRSTR 20
OO P PP UPPPTPRPPIN 21
2SS 23
2 L s 23
2 11 (Rapid Compression Machine; RCM) .........cccvvvvvvviveeeeennnnnn, 23

22 SRS 28
22 SRS 30

2 1 A 31

2 2 et eannes 34
2 2 1 34

2 2 2 et s 36

2 2 B e et e s 37

2 2 A 39

72 OSSR 46
S PSSR 46
PP 47

3 o [ O P 49
RO RTRR 49
O 50

3 2 jsoOctane  HCCI e 52



3 2 L e 52

B 2 2 e s 55

3 3 nHeptane  HCCE 57
R PSP 57

3 4 nButane  HCCI 62
S PRSP 64
1 SRR 65
3 7 B et e et e e e neeeaneen 68
4 HCCI e 69

OSSR 69
e PP TP PPP PSPPI 70

4 2 iso-Octane  HCCI e 80
..................................................................................................... 80

2 e et e e ettt e ae e e naeearaeeans 81

4 3 n-Heptnae HCCI 83
PSR STR 83

4 4 DME  HCCI e 89
PP UPPPTTRP 91
4 6 et e et e et e nrae e e neeeannes 93
5 HCCI e 94

LS T PP ST TTTUPPPTR 94
L5 Y O PP PP P PP PUPPTNN 95

5 2 n-Heptane  /so-Octane HCCI 96
ST PRSP 97
5 4 L5 PP P PR UPPPTTOPPPN 99
B e —————————— 100

L e e e e e et e et e e et e e ettt e ante e e teeeaneeeanneeennes 100

6 2 HCCl e 101
6 2 1 @ 0.4 e 102

B 2 2 s 103

6 2 3 n-Heptane/isoOctane ———— 104

6 3 HCCl e, 105
3 105

2 np-Heptane jso-Octane L 108






Terminology
Co Specific Heat at Constant Pressure | J/(mol K)
dP/dt Rate of Pressure rise MPa/ms
do/dt Rate of Heat Release J/ms
ar/dt Rate of Temperature rise K/ms
/ Luminescence Intensity A.U.
M Molecular Weight g/mol
m Mass g
n Number of Moles Mol
P(t) Pressure MPa
Q Amount of heat J
R Universal Gas Constant J/I(kg K)
RI Ringing Intensity MW/m2
V() Volume m3
7 Temperature
7(t) Mass Averaged Temperature
t Time after Compression Start ms
AT Temperature Difference K
At Time Difference ms
£ Compression Ratio —
@ Equivalence Ratio —
% Mole Fraction mol%
K Ratio of Specific Heat —
o Standard deviation —
P Density g/ms3
X Piston Position from BDC mm
X Position from BDC mm
y Horizontal Position from Center mm
z Vertical Position from Center mm




Terminology

Air Air
c Combustion Chamber
start Start
50% 50% 50%
end End
ex Exhaust
i Number
ig Ignition
in Intake
max Maximum
min Minimum
n-Butane n-Butane
n-Heptane n-Heptane
iso-Ocatane iso-Octane
DME Di-Methyl Ether
LTR Low Temperature Reaction
HTR High Temperature Reaction
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1910
NO CO HC CO2 33% [1]
42%
NOx
NO
HCCI: Homogeneous Charge Compression Ignition
NOx ,
, , CO
HCCI
HCCI

HCCI

[1]



n-Heptane iso-Octane
n-Butane DME

buoyancy effect micro-cringe
iso-Octane n-Heptane
HCCI

Chemiluminescence imaging

HCCI



1 2 (HCCI)

1 2 1 HccCl
Homogeneous Charge Compression Ignition Engine HCCI
NO
1-1 1-2 1-3 4
(HCCH) 1-1
[2] Sl
EGR
[2] ATAC  Active Thermo-Atmosphere
Combustion
THC
[3] ATAC DME DEE MTBE
DME DEE MTBE ATAC
[4] AR Activated Radical
Sl
Sl



HC
(3]

PREDIC (Premixed Lean Diesel Combustion)

NOXx THC CO
NOXx

[6] NOXx

MULDIC Mulitiple

Stage Diesel Combustion

NOx50ppm 1FSN
[7]
NOx HC
NOx
EGR
[8] UNIBUS Uniform Bulky Combustion System
UNIBUS
[]
PCCIl Premixed-Charge Compression Ignition
NOx
HC

Southwest Research Institute R H



Thring[10] HCCI EGR

13 33 370
HCCI EGR
ISFC180 200g/kWh HCCI
PM Southwest Research Institute
Thomas W. Ryan [11] 200
HCCI EGR
HCCI 50 EGR
HCCI
EGR



p— Intake
Fuel

Catalyst

Compression

.

[

Catalyst

Expansion

Spark
Ignition

Catalyst

Exhaust m——

Exhaust
G

Catalyst

Air Only

Premixture Adiabatic Spark Ignition Three Way Catalyst
Intake Throttle Compression Flame Propagation Low NOx, CO, HC
Low Compression Combustion Emissions
Ratio
1-1
e |ntake Compression Expansion Exhaust =

Fuel

I

Adiabatic
Compression
High Compression
Ratio

Ignitio

Fuel Injection
Diffuse Combustion
Fuel Concentration
Inhomogeneity

Exhaust

I

High NOx, PM
Emissions

1-2

p— Intake
Fuel

Premixture
Throttle Less

Compression

I

Adiabatic
Compression
High Compression
Ratio

Expansion

Auto Ignition
Bulk Combustion
Low Combustion
Temperature

Exhaust m——

Exhaust

I

High HC, CO
Emissions
Low PM, NOx
Emissions

1-3

(o2}




11

Spark Ignition
Engine

Diesel Engine

HCCI Engine

Ignition way

Spark Ignition

Fuel Injection

Auto Ignition

Combustion
type

Flame Propagation
Combustion

Diffuse Combustion

Bulk Combustion

Low PM, NOx
Advantage Low NOx, CO, HC High Thermal Emissions
9 Emissions Efficiency High Thermal
Efficiency
Ignition Timing Control
Disadvantage Low Thermal High PM, NOx Low Combustion
9 Efficiency Emissions Efficiency
Knocking at High Load
1 2 2 HCCI
HCCI
HCCI
HCCI
)
EGR 2
a. EGR HCCI
[12] DME
HCCI 1.0 EGR
EGR
1-4
EGR
EGR



EGR

EGR
1-5
IMEP
1-6
VVT(Variable Valve Timing)
[13][14]
EGR
External EGR Gas
3 X
Internal EGR Gas g
s
Te, Premixture
SSion Staltlr
1-4 [12]
E)g;rgzls Exhaust

Premixture
Gas Internal
EGR Gas
1-5

EGR

[12]



Methane

1-7)

HCHO

HCHO

X 60
NS
§ 50 |- pomevement opjoct pENYO
-g 4 6‘=1°-7f % HONDA
E 0r =912 |v cam L2.1 Gasoline
|.|_J 30 8.0 ‘Cam L1.6
N L
€
° DENYO
£ 201 Gasoline
l_; Original Engine
9 10
©
2
T 0 * ‘ ‘
£ o 0.2 0.4 0.6 0.8
IMEP MPa
1-6 IMEP [12]
HCCI
[15]
DME
IMEP
[16] DME
/DME DME
H202 OH DME
CO DME
OH
DME
[17] 0.36 0.55
RHR
HCHO OH
HCHO LTR DME OH
LTR HTR OH HCHO



1-7
@)
HCCI
HCCI
HCCI
CO
1600K 1800K
n-Butane
HC co

Equivalence Ratio of DME $ome

X miss firing
® HCCI combustion

Equal A knocking
inlet calories
1

Methane/DME/Air
T,,=3008K
P,,=0.1MPa
Ne=960rpm
£=21.6

Experiment

Maximum RHR

0.1 0.2 0.3 0.5
Methane-based Equivalence Ratio ¢,

IMEP [15]
[18] n-Butane
Co
SIV
HCCI HC CO
[19]
EGR
HC CO
1500
HOT EGR

10



3
a.
HCCI
[20] n-heptane ehtanol

0.75 1.7MPa

0.08MPa

Premixed Lean Diesel Combustion

HCCI
Lund Institute of Technology Olsson
1.3 2.9bar abs IMEP
2.9bar
25MPa
[21] 20
PREDIC
0 245kPa IMEPO.2
Sandia National Laboratories = Magnus

1.15MPa 49.8
[22]
7
6
55
84
B3
8,

-

(3, (=]

I

(2]

PMEP [bar]
N

1-8

20 25 30

IMEP net [bar]

IMEP

[20]

11



[23]
EGR
EGR
EGR
[24] DME
HCCI
Lund university  Collin  [25]
4 n-Heptane  /so-Octane
PLIF HCHO OH
HCHO OH
4
1704 Newton
Kirchhoff
[26]

OH CH
OH CH C2

12



[27]

ATAC
ATAC
ATAC
ATAC
ATAC OH
CH
[28] n-Butane
HCHO 410 430nm
OH HCO CH C:
CO
PFJ Pulse Flame Jet HCCI
PFJ nButane PFJ
[29]
HCCI :n-Butane
OH* CH* COx*
CH~* OH* CO>*
OH* CH* CO2*
HCCI COx* COx*
COx*
[30] DME/ LIF
HCHO
HCHO
20% 30% DME HCHO
Leed Griffiths  [31] HCCI
nPetane 0.5

Chain Branching
HO2

13



Knock

HCCI
0.5bar HCCI

GM  Eng[37]
Ringing Intensity HCCI

Ringing Intensity ~—

11 Ringing Intensity
Scale Factor
1 2 4 HCCI
1)
[39]
HCCI
1-9 1-10
image4
image2 image5

[32][33][341[35][36]
[36]

Oakely

14

HCCI

HCCI

Knocking level

Kocking level

dp )2
— )/RTmax (11)

(kPa/ms) 2 Pmax(kPa)
(m/s) root-square B
Eng 3=0.05 [37]

DME/
1-11
Image5 image4
imagel image8



homogeneity
1

inhomogeneity

Time after compresion ms

5 34 36 38 40 42 44
& inhomogeneity
LS :
e 7 . Air
£5 omogeneity /
S8 1
o8
o
50l I I I I I I I
o 1800
g
& 3 1400}
5 & 10007
£°
600 =T i ! : ] I I
120
g
$ sof
},
© 40
z
4 0l
L. Gate open 250us
1]2[3]4]s]e]7]s
. . i€ Ous, L ! !
25 20 45 10 -5 0 5 0 15
Crank Angle deg
1-9 [39]

1-10

15



=) Time After Compression Start ms Time After Compression Start ms
< 256—38 39 40 a 38 39 40 41
2 Point 1 Point 1
7 192
E |1 128
£ M.—-
% 0
g o2 Point 2 Point 2 |
3 192
£l s
2 64 .
8 Comb
256, - " ombustion
192 Point 3 Point 3 Chamber
|3 128
—
0 NN, E—
o Point 4 Point 4
192
ly 128
64
o | |
o2 Point 5 Point 5
192
ls 128
= 64 —.
; 0
2 5x10° - -
% & 4,1g—ln.te.gtatlnm | Integration
£ | 3x1
.5 3 z I' x1¢
Fei 1x10° I
s [ w— |
o3 ox10°
S
.E _é 50 Us I1.Gate Open ns
g3 1lzl3Talslel7 06| [1T2slsl50el7 15
LSbs | . Sks | .
12 8 4 TDC 412 F 4 TDC 4
Crank Angle deg Crank Angle deg

1-11 [39]

IFP Thirouard [40]
LIF Laser

Induced Fluorescence

1-12 1-13

16



NYC i —
1200 rpm

340°

Modified color scale
Val. Efficiency: 0.3
Equivalence Rafio:0.83 _ml - - +I5H,
+Bunedgas + Air
=
Y w— HOMOGENEOUS residual
4 gas distribution
=)
-
\.
{:)
*
100° 150°
1-12 [40]
1200 rpm Modified color scale
Val. Effidency: 0.3
Equivalence Ratic:0.83 -ml - F +I5%
+ Burned gas C +Ar
[
HOMOGENEQUS residual
gas distribution
=
100° 2000 250° 300° 340°
1-13 [40]

17



1 2 5 HCCI
HCCI

1-14 HCCI

HCCI

Exhaust valve

Fuel Intake valve

Air

—

Fuel/Air mixing
Fuel Boiling point,
EGR

Residual Gas
Gas Flow

Heat transfer;
Crevice, Piston,
Combustion Wall

Temperature
Boundary
layer

ﬂﬂ:> Being inhomogeneity of Fuel concentration and Temperature

1-14

18



2 6
1-15 1-2
us
1500
i Shock Tube 1300K P,=0.1MPa
T,=293K
X I Air Only
1000K
£ 1000 |-
E |
o e -
a / \\ // \\ -7
\,/ N~
"E 500 / Z\ /,’<\
EGR e TN .
1600rpm 800rpm 400rpm
ol . Engne
-10 10 20 30 40 50
Time ms
Initial Condition of Pre-Mixture
1-15 Engine, Shock tube, RCM
1-2 RCM, Engine, Shock tube
Bounda | Heat Residu Gas Temperatur
ry layer | transfer | al gas flow | e history
RCM 0 0 x x |
Engine (o) o (o) (o) _/\
Shock Tube o 0] X X

19



HCCI

HCCI

HCCI

NO

HCCI

HCCI

20



DME

S.1.

NO

HCCI

Homogeneous Charge Compression Ignition ; HCCI

21

HCCI

HCCI

HCCI

HCCI

n-Heptane J/so-Octane n-Butane



3 HCCI

iso-Octane n-Heptane n-Butane
HCCI
iso-Octane n-Heptane HCCI
4 HCCI

buoyancy effect
iso-Octane n-Heptane
HCCI

5 HCCI
micro-cyringe
iso-Octane n-Heptane
FID THC

HCCI

iso-Octane n-Heptane

HCCI HCCI

22

DME

HCCI

HCCI

HCCI



2-1

iso-Octane

2-4

200

(1)

)

®3)

(4)

()

(6)

RCM

(Rapid Compression Machine;

2-2
700K
300rpm
2-3
145 692
2-6
22
15 0.24M a
20 ON
(1040ms )
19
Rev

23

RCM)

14.62
2-5

21

200

14

2-1

n-Heptane,

RCM

23



2-1

2-1

Items Value
BorexStroke 145x692mm
Cylinder volume 12.2x103m3
Combustion Chamber volume 0.0793%x10°m3
Compression Ratio 14.6
Combustion Chamber Thickness 48mm

Combustion Chamber type

Pancake type

Compression Duration

200ms

Quartz Maximum
Endurable Pressure

24

5MPa



In-Cylinder Gas Pressure P (t) [MPa]

4: Air Only
3.5/1200rpm 60({:pm 320rpm 200rpm T,(0)=373K

P (0)=0.1MPa
3 [ n £=14.6
E Experiment
2.5
1.5]
1
0.5

0'7‘ T R ]
0 50 100 150 200 250 300 350 400
Time after Compression Start t. [ms]

2-2 RCM

Driving Air ——— Accl

Plate

Trigger Ai

Damping

needle
5 Membrane
Aluminum |

NE .
L1 |
— Fnﬂ:_Atmospheric
= =

F ol pressure
Il Combustion
- Pressure
: T I m ok
? | - = = - =1 Atmospheric
il pressure
£ 'III
=TI 4\
\f
2-3
Exhaust
Valve
Strain-type
» Pressure
Sensor
K type
Thermo
Couple
[~ Piezo-type

Pressure
Sensor

Exhaust Probe

Valve

2-4

25



Fuel Pump Top Pulse
System Enable
Injection Control Timer
1 Rev. Pulse

RCM Start Trigger

Cylinder Pressure

-1
\

0 1
\ \

2

3 4

5

Pump speed of revolution 500rpm
9 10 11 12 13

6 7

8

Oms 120 240 360 480 600 720 840 960 10801200 1320 1440

I

2-5

26
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®

-

@

®

Heating area

e e
T

1.Screw compressor
2.Air filter
3.Control valve for intake gas
4 Electromagnetic valve for intake gas
5.0rifice manometer for intake gas
6.Manometer for back pressure
7.Heat exchanger
8.Temperature controller
9.Supersonic mist fuel supply system
10.Temperature controller
11.Exhaust gas valve
12.Electromagnetic valve for oil

of exhaust gas valve stroke

2-6

13.0il hydraulic pump for exhaust gas valve stroke
14.0il tank for oil hydraulic pump
15.Control valve for accumulation pressure
16.Lubricator

17.Electromagnetic valve for accumulation
18.Escape valve in emergency
19.Electromagnetic valve for start trigger
20.RCM drive system

21.RCM controller

22.Injection pump

23.Encoder for injection pump

27



2 1 2

2-7
373K
2-8
injector
Syringe pump
2-9
Micro-syringe Diffusion D
)
Driving Air Accumulator BDC TDC
= Stroke 692mm Safety
. Enclose
Trigger N Piston Cylinder
5 \ Mirror
- e Quartz
== Window
Aluminum__+7 —
Plate Exhaust Gas
Needle Oil Damper
Orifice Hoat
— :|;E]: :|$|: E ea
. xchanger Intake
Intake Air silica Gel mixture
Syringe Pump Fuel Mixture
Chamber
2-7

28



Ultrasonic .
injector Mixture

Combustion
Chamber

2-8 injector

i (®@=145mm

25mm

2-9
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2 1 3
2-10
2-2

2-2

1)

KISTLER 6123
KISTLER 6123
DPM 703B

)

30



2-10

uv

A B CD

1
@145mm
0.67mm>=0.67mm

MCP

CCD

2-12

31

EE-SX1070
8

MCP

2-11



Combustion Safety Enclose
Chamber
Piston . u/D
c - _| Counter|
:'. Mirror
—————— D/A
Converter|
Image  pojay
Quartz j Intensifier | ..
Shade \Wmdow \ﬂA Fl:mmlg [ ccD
Plate - } trea “{/|{|Camera
L| Camera || I
uv Relay I T
Lens | Lens Pulse CCD Camera
Generator | | Controller
I
Timing [—
Controller I Jill
L
Charge A/D L]
Amplifier Converter

2-10

{ Top View of RCM

T

2-11

Tt —

Side of _Shade

Plate

32




In-Cylinder Gas /
Pressure Controllable Item of Framing Camera

—Tfrom : Start timing of Photo [ms]

Combustion Chamber \ “Topen :Exposure time [ms]
Volume

“Tstep :Shutter interval [ms]
Controllable Position | +—»
Camera controller

Photo Interrupter A B

Trigger 1s

Output Signal

v

C
Output Signal I-L ﬂ ﬂ H
1

—

Timing Pulse
;1/16 MHz

Framing Camera

Mechanical _|

Shutter Open
MCP Gain |

T open

|

Tfrom Start of Photo

I.I Gate Open

ll

Tstep

System Enable

b T N N -

e |
e |
-
=
|
e |

EControIIabIe Period

RCM Start Trigger * ’

Pressure

Start of Pressure Data Acquisition

1
1
Measurement :
(DRX_2a) |

2-12

33



2 2

2 21
2-13  n-Heptane (P)=0.14 P-t, V-t
Rotary Encoder Piston Lift Piston Lift Piston
2.14  n-Heptane
Air
P-Vv Log 2-14 n-Heptane
Air 2
t tL end tHTR 50 50
tHTR50% tHTR end 2-15 P-v
t tH
tL_end tend
T O
[+ A n-Heptane/Air
@ = 4: g-lioe:)‘t‘ane Air T(0)=373K .
‘2 80 i - \ P.(0)=0.1MPa
_g % 3: Air $=0.14
=5 o Experiment
> 3 r
28,
= 1:
oF

E 1.6x10”
— 1.2x107

\ 8.0x10°
\ 4.0x10°

T Lo Lo L P—— P—— - 0
0 50 100 150 200 250 308'0)(10
Time after Compression Start tc ms

In-Combustion
Chamber Volume V (t) [m3]

2-13 n-Heptane

34



In-Cylinder Gas PressurP(t) [MPa]

=N

In-Cylinder Gas Pressure P_(t) [MPa]

©coo
?NOO(O—\

o n-Heptane/Air :
®=0.14 - n-Heptane/Air
3 _ T,(0)=376K
r P (0)=0.1MPa
2 P,
©=0.14
- Experiment
1
0.5
0.3
0.2
01 3 3 3 2
1.0x10° 2.0x10 5.0x10 1.0x10°
Combustion Chamber Volume V(t) [m?]
2-14 P-V
4

tytr eng-HTR End time
tyrrso%: HTR 50%

tytr start:HTR Start time
t 1R eng:LTR End time
t, 1r «tari:L TR Start time
Degeneration : t, 1 eng - tH‘TR start
n-Heptane/Air
T.(0)=373K
P.(0)=0.1MPa
®=0.14
Experiment

n-Heptane/Air
©=0.14

AL TR start

10° 2.0x10° 3.0x10°
Combustion Chamber Volume V_(t) [m3]

2-15
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Pi(t) 2-1
Ti(t)
( (21)
K-1
(—)
F% ) “ (2.2)
i,

=T (

Pi-1: , Ti-1:
Pi: , Ti:

Ti = (2.2)

n — PrVirr
i T.=R

1400,

T.(t) [K]

1200 n-Heptane
i ®=0.14

1000/

800

n-Heptane/Air

600 T,(0)=373K
I P.(0)=0.1MPa
i ©=0.14

400 Experiment

In-Cylinder Gas Temperature

0 50 100 150 200 250 300
Time after Compression Start t. [ms]
2-16
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2 2 3

@)
CHEMKIN 11[41] CHEMKIN

CHEMKIN 1980 Sandia National Laboratory

1990 CHEKIN 11
1996 CHEMKIN 111
CHEMKIN 11 CHEMKIN FORTRAN

Interpreter (code)

Gas-Phase SubrouTine Library (code)

Thermodynamic Database (file)

Linking File (file)

2-17 CHEMKIN CHEMKIN

Interpreter

Thermodynamic Database
Gas-Phase SubrouTine Library 100

Linking File

Linking File

Application Code Application Code

CHEMKIN SENKIN[42]

SENKIN

37



Gas-Phase Thermodynamic

Reactions Database
(chem.inp) (therm.dat)
Chemkin
Interpreter
v v

Chemkin Printed
Link File Output File
(Chem.bin) (Chem.out)
Gas-Phase
Subroutine
Library

[ Application Code ]

2-17 CHEMKIN [41]
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2

Qi

SVX, & SVX, (i=L...1)
k=1 k=1

Vki
V'ki
Xk

G = kfi H[Xk]Fk' - kri H[Xk]Rk'

Fui
Ri:

[ XA
K
kri :

i
i
k

gi mol/m3

k mol/m3

k(T)=A T exp(-E /RT)

w =

i
i
i
J/mol K

G Vi) (K =L K)

39

2.3)

(2.4

(2.5)

(2.6)



)

dm

=-0
dt

M _vow, k=1..K
dt

t , S @, , mol/m®-s
\Y , m W, , kg/mol
Yk
dy, .
—k = VoW,
dt
Y, v m/kg
au+ Pav=0

(2.11)

K K
du=>"Y, -du, +> u,-dY,
P P

du,=c,, -dT
1) (212) (213

K K
DY, -Gy -dT + > U, -dY, + Pdv=0
o= a

40

(2.7

2.8)

2.9)

(2.10)

(2.11)

(2.12)

(2-13)

(2.14)



(2.10) (2.15)

(2.16)

dT

av

Ko .
C,-—+P——+V> U oW, =0

Yodt

dt g

Pa
m3
k ka/kg

k kg/mol

kg

PV=mRT

41

Jkg

(2.15)

(2.16)



3
(CmHn + (n/4+m) O2 = n/2 H20 +

mCO?2)
Metane[44] 2-3
Metane N, O, Ar
A B E
2-4
2-3 [44]

NO Reactions A B E
1|20+M<=>02+M 1.20E+17 -1 0
2|O+H+M<=>0H+M 5.00E+17 -1 0
3[0+H2<=>H+OH 3.87E+04 2.7 6260
4|0+HO2<=>0H+02 2.00E+13 0 0
5|0+H202<=>0H+HO?2 9.63E+06 2 4000
6|0+CH<=>H+CO 5.70E+13 0 0
7]0+CH2<=>H+HCO 8.00E+13 0 0
8|0+CH2(S)<=>H2+CO 1.50E+13 0 0
9|0+CH2(S)<=>H+HCO 1.50E+13 0 0

10|0+CH3<=>H+CH20 5.06E+13 0 0
100{OH+HCO<=>H20+CO 5.00E+13 0 0
101|OH+CH20<=>HCO+H20 3.43E+09 1.2 -447
102|OH+CH20H<=>H20+CH20 5.00E+12 0 0
103[OH+CH30<=>H20+CH20 5.00E+12 0 0
104|OH+CH30H<=>CH20H+H20 1.44E+06 2 -840
105|OH+CH30H<=>CH30+H20 6.30E+06 2 1500
106/OH+C2H<=>H+HCCO 2.00E+13 0 0
107|OH+C2H2<=>H+CH2CO 2.18E-04 4.5 -1000
108|OH+C2H2<=>H+HCCOH 5.04E+05 2.3 13500
109|OH+C2H2<=>C2H+H20 3.37E+07 2 14000
110|OH+C2H2<=>CH3+CO 4.83E-04 4 -2000
315|0OH+C3H8<=>C3H7+H20 3.16E+07 1.8 934
316|C3H7+H202<=>H02+C3H8 3.78E+02 2.7 1500
317|CH3+C3H8<=>C3H7+CH4 9.03E-01 3.6 7154
318|CH3+C2H4(+M)<=>C3H7(+M) 2.55E+06 1.6 5700
319|0+C3H7<=>C2H5+CH20 9.64E+13 0 0
320[{H+C3H7(+M)<=>C3H8(+M) 3.61E+13 0 0
321|H+C3H7<=>CH3+C2H5 4.06E+06 2.2 890
322|OH+C3H7<=>C2H5+CH20H 2.41E+13 0 0
323|HO2+C3H7<=>02+C3H8 2.55E+10 0.3 -943
324|HO2+C3H7=>0H+C2H5+CH20 2.41E+13 0 0
325|CH3+C3H7<=>2C2H5 1.93E+13 -0.3 0
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2-4

(K) (MPa)
Shock Tube
Ha 25 9 500 1600 0.1 0.9 [43]
GRI Methane 279 49 1256 2500 0.025 8.4 | Shock Tube JSFR [44]
554 737 0.073
V. Warth n-Butane 797 167 [45]
937 1.0
720 830 RCM
S. Kojima n-Butane 461 141 1.0 3.0 [46]
1200 1400 Shock Tube
Curran H.J n-Heptane 2446 544 550 1700 0.1 42 Shock Tube JSFR [47]
Dagaut P DME 286 43 800 1300 01 1.0 JSFR [48]
Curran H.J DME 336 78 650 1300 0.1 40 Shock Tube JSFR [49]
DME 176 50 900 1900 0.1 0.33 Shock Tube [50]
Gasoline 3725 782 670 1800 032 6 Shock Tube JSFR [51]
Curran H.J iso-Octane 4238 1034 550 1700 0.1 4.2 Shock Tube JSFR [52]
CHEMKIN
K i
K K
, .
DVt © D Vi (=1...1) 2.23
k=1 k=1
] gi [mol/m3]
K . K R
G =k [ [[XJ™ =k [][XJ* 2.24
k=1 k=1
ki(T)=A TP exp(-E /RT) 2.25
. I
2.26

0= -V,) (K=1..K)
=1

Ai i
Bi i
Ei i
Fki i k
ki i
Kri i
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R [J/mol-K]

Rki ] k
Xk k

Vki ] k

V'ki i k

[Xi] k [mol/m3]

W k k

au+ Pdv=0

U:iUk'Yk
k=L

(2.28)

K K
du=>"Y, -du, + > u,-dY,
P =}

du, =c,, -dT
(2.27) (2.29) (2.30)

K K
DY, -y 0T + > U, -dY, + Pdv=0
k=1 k=1

K
e G =Y Cpy
k=1

K
Cv.d_T+2uk .%_{_ Py:O
t <Kt ot

dam_,
dt
My oW,
dt
dy, .
d—tkzva)ka
(2.32) (2.35)
dr _dv & .
C,,—+P—+Vv) U oW, =0
Vdt | dt kz; - OV
(2.36) PV=EmRT
u [J/kd]
P [Pa]
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2.28

2.29

2.30

2.31
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2-33

2.34

2.35

2.36



[(m?]
k

[K]
[m3/kg]

k

k

[ka/kg]

[kg/m3]
[ka]
[ka]
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2 3

(Octane Number)

(Cetane number)

HCCI

iso-Octane 2,2,4-Trimetylpentane

n-Heptane
2 3 1
iso-Octane  n-Heptane
2 n-Heptane 7 0
2 3 iso-Octane 8 100 3
2-5 np-Heptane /so-Octane
2-5 n-Heptane J/so-Octane n-Butane DME [53]
Items n-Heptane iso-Octane DME n-Butane
Molecular
Auto-lgnition 680K 720K 680K 700K
Temperature
Cetane Number 56 <10 55-60 <10
#:xperature 10-30 % 0-5% 10-30% 0-5%
Reaction (LTR) | 00K 720K 660-680K 700K
:iasrl:perature 70-90% 100% 70-90% 95-100%
Reaction (HTR) 910K 920K 910-930K | 830-880K
Molecular ©ee®©
Structure ©-©-©-©-© ©H{0+©
©-0e-©
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n-Heptane J/so-Octane DME

(1)

Warnatz [54]

a. T<900K P=1l1bar

RH 02 - R HO:2

02 1st O2 addition

internal or external H atom abstraction

R 02 = RO2
RO:2 - RO2H
RO:2 RH - RO2H R

800K
RO2H 02 = O2RO2H
0O2RO2H H
O2RO2H - HO2RO2H
O2R0O2H RH - HO2RO2H R
(2.44) (2.45) 2 OH
HO2RO2H - HO2RO OH
HO2RO2H - HO2RO OH
b. 900K T 1100K P=1bar
(2.46) (2.47)
H202 3 OH

HO:2 RH - H20: R
H202 M - OH OH M

a7

n-Butane

(2.37)

ROz H

(2)

(2.38)
(2.39)
(2.40)

(2.41)

(2.42)

(2.43)

Oqaddition

(2.44)
(2.45)

(2.46)
(2.47)

2nd Ozaddition

(2.46)



C. 1100K T P=1bar

H 02 - OH O

(2.54)
(2.48)

Methane NTC(Negative Temperature Coefficient)
CHs
Methane H O OH HO2 H

Methane C-H ( 40kcal)

( 120)
CHs+ O2-» CHs+ HO2 (2.48)
CHs+OH - CHs +H:20 (2.49)

(2.48) (2.49) CH3 O
CH3+O - CH20+H (2.50)
(2.50) CH:20 H O OH H
CHO0+H - CHO+H:2 (2.51)
CHO0+0 - CHO+OH (2.52)
CH20+ OH - CHO + H20 (2.53)
(2.54) (2.56) CHO O2 H M
CHO +02 - CO+ HO2 (2.54)
CHO+H - CO+H: (2.54)
CHO+M - CO+H+M (2.56)

CO OH CO2

CO+OH - H+CO2 (2.57)
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3 HCCI

n-Heptane J/so-Octane n-Butane
n-Heptane 1,2 iso-Octane
1 2 3 n-Butane
iso-Octane n-Heptane n-Butane 3 HCCI
0 0.6 293K 373K
LLNL PRF
n-Heptane
3 1
99% n-Heptane /so-Octane
Tc(0) Pc(0)
3-1 2-8
2.9 2.10
2-8 KDS KDS-100
inlect pipe
3-1
Mixture Temperature Fuel @ T.(0) AT

Distribution | Distribution

Q O iso-Octane
293K
0.07, 0.1, !
333K, 3K

n-Heptane | 0.14, 0.2, 353K
Fuel Thermal 0.3,0.4,05 373K

Homogeneous | Homogeneous

n-Butane
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3-1

[ = L S = I =
L=130mm, 75mm

3-3

) -

LY

10

10 1H

70mm
130mm
3-2

20mm

ro p—11

BTDC

- TDC

==

I:Inn!?\

3-1

50

/[\



70mmx2 130mmx2, 70mmx2

]

9 o o o
- 5 70mm 70mm =
. @ @
o - 25 0 o
& = &
o | xq > o | xq
= 5 o -] = 5
o @ [n] o @
o (n] o
70mm %) (3] 70mm =
Fi— - Fi— -
3-2
g
= 4
S 3.5 130mmx2
o [
o 3 70mmx2
é 25" 70mmx2
< :
o 2
@ g
S 15
g
£ g
5, 0.5:
(? E
£ OF —800
4700 _
1600 £
1500 £
Air Only ] =
P,(0)=0.1MPa = 400 5
T(0)=293K 4300 §
1200 2
1100

0 50 100 150 200 250 300

Time After Compression Start t_ [ms]

3-3
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3 2 Jjso-Octane HCCI

3 2 1
(1)
3-4 iso-Octane HCCI
1
2
0.5 5MPals
2
3-6  /iso-Octane LogP-LogV
1 2.4MPa 1.0<103 3
12.2
— 14;
& 12 Thermal
e Homogeneous
o g 10 Fuel
é o’ 8 Homogeneous
£2 g iso-Octane/Air
S T,(0)=293K
28 4 P.(0)=0.1MPa
- o 2 Experiment
0 24000

66666
omnnni

>
=

85388
“"/"
| |
NN W
o 01 ©
o O O

o O O O

In-Cylinder Gas
Temperature T.(t) [K]

0 50 100 150 200 250 300
Time after Compression Start t. [ms]

3-4 jso-Octane
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In-Cylinder Gas Pressure P (t) [MPa]

In-Cylinder Gas

53

= 5
& B =0-5\ Thermal
= 4'5; gfg4\ Homogeneous
Q‘,J 4/ ;03\ Fuel
o F =0' Homogeneous
g 3'5; Air iso-Octane/Air
§ 30 T,(0)=293K
o r P.(0)=0.1MPa
o 2'5; Experiment
2 11100
11000 ,, €
] 8 [y
E900 5o
1800 E"E
2700 38
1600 5§
““““““““““““““““““ 7500
170 180 190 200 210 220 230 240 250 26
Time after Compression Start t, [ms]
3-5 Jiso-Octane
10
Thermal
©=0.5 Homogeneous
=u. Fuel
5 g:gg Homogeneous
©=0.2 iso-Octane/Air
=01 T.(0)=293K
3 i P.(0)=0.1MPa
Experiment
2
1
0.5
8.0x101.0x10° 2.0x10° 4.0x10°
Combustion Chamber Volume V_ (t) [m3]
3-6 Jiso-Octane Log P- Log V



)

3-7  7iso-Octane HCCI
n-Heptane
n-Heptane
n-Heptane

= 5

& g =0.5\ Thermal
o =, 4.5 (Dfo"‘\ Homogeneous
OZ 4 :8-3\ Fuel
8 - ;0' Homogeneous
£8 3'5; Air iso-Octane/Air
Sa 3 T,(0)=293K
2 P,(0)=0.1MPa
o 2'5; Experiment

© 0.5 I:ll LTR Degeneration HTR

9 H [ e

E 0'4 I:[I tLTR start tLTR end tHTR start tHTRSO%tHTR end

(]

g 03 | [

©0.2 [ |

3

m 0'1 | \l | | | | | |

170 180 190 200 210 220 230 240 250 260
Time after Compression Start t. [ms]

3-7 iso-Octane HCCI
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®3)

3-8 /so-Octane HCCI iso-Octane
720x=15K n-Heptane
20K
iso-Octane
Thermal BT
Homogeneous ® :Tir

1100 [ Fuel

1050 —Homogeneous
iso-Octane/Air
1000 T.(0)=293K
950 |1P_(0)=0.1MPa
900 [ Experiment
850

800
750 ‘\’/E:zj_—-,i
700

650
600

Titr start » THTR start 1€Mperature [K]

0 0.1 02 03 04 05 0.6
Equivalence ratio ®

3-8 /so-Octane HCCI
3 2 2
3-9 0.14 /iso-Octane HCCI
333K, 353K, 373K 3-10
/so-Octane 293K

333K, 353K, 373K
353K 373K
333K

n-Heptane  /so-Octane
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3-9

In-Cylinder Gas
Pressure P (t) [MPa]

N W A~ O

Q -

Thermal
Homogeneous
Fuel
Homogeneous
iso-Octane/Air
P(0)=0.1MPa
©=0.14
Experiment

333K

11400

-
N
(=]
o

S

T,(0)=373K _ ]
353K \[\k,\_\
? ~1000

<]
(=]
o
In-Cylinder Ga
Temperature T (t) [K]

1400

0 50

/iso-Octane

In-Cylinder Gas
Pressure P (t) [MPa]

HTR

910x10K

Initial Temperature T, [K]

373

w
(3]
w

w
w
w

»
3]

100 150 200 250
Time after Compression Start t. [ms]

300

200

e
w o s

N
(3]

L(0)=373K

353K
333K

Thermal
Homogeneous
Fuel
Homogeneous
iso-Octane/Air
P (0)=0.1MPa
©=0.14
Experiment

N

21300
11200

In-Cylinder Gas
Temperature T,(t) [K]

LTR Degeneration HTR

tLTR start tLTR end tHTR start tHTRSO%tHTR end

170 180 190 200 210 220 230 240 250

Time after Compression Start t, [ms]

3-10 Jjso-Octane
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3 3 n-Heptane

3 31

(1)

3-11

3-12

9MPa
Tec

HCCI

In-Cylinder Gas
Pressure P (t) [MPa]

HCCI

n-Heptane

01 0.2

LogP-LogV
3-13

HCCI

11.0

0.1

0.3

- = -
o N b

O N O O

n-Heptane

0.5

HCCI

1500K

3-13

2.0MPa

n-Heptane

1.1><1073

Thermal
Homogeneous
Fuel
Homogeneous
n-Heptane/Air
T.(0)=293K
P(0)=0.1MPa
Experiment

=4
13
-3
-2
2
-1

41

5

3-11 n-Heptane
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0 50 100 150 200 250 30%
Time after Compression Start t, [ms]

000
500
000
500
000
500 °
000
00

In-Cylinder Gas
Temperature T (t) [K]

3



>
3]

© gfg Thermal
] % 4; ¢;0: Homogeneous
0= 35 =0 Fuel
8 | =0 Homogeneous
2% 3 om0 n-Heptane/Ai
Eo © @=0. ptane/Air
37 2.5 Ai T.(0)=293K
£8 P,(0)=0.1MPa

a

15 11300

11200
11100

/ 11000
1900

| _— 1800
‘/'\-;
=700

00

In-Cylinder Gas
Temperature T (t) [K]

160 165 170 175 180 185 190 195 20
Time after Compression Start t, [ms]

3-12 n-Heptane

10

8 Thermal
Homogeneous

6 Fuel
Homogeneous

4 n-Heptane/Air
T.(0)=293K
P.(0)=0.1MPa

In-Cylinder Gas Pressure P (t) [MPa]
N

e o
o o =

o
-

x107.0x10° 2.0x10° 4.0x10°
Combustion Chamber Volume V(t) [m?]

(=]
(=]

3-13 n-Heptane Log P- Log V
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3-14 n-Heptane

n-Heptane HCCI 0.1
0.4
4.5¢ —
T : g:g Thermal
0 4; ¢;0' Homogeneous
28 350 @=0. Euel
$a° 5 o=0. omogeneous
So F o ®=0. n-Heptane/Air
>3 25 A T,(0)=293K
ce P_(0)=0.1MPa
-= 2
o
1.5 ‘

e 06 0 LTR Degeneration HTR

2 m | .

E 0.5 .II tLTR start tLTR end tHTR start tHTR50"/utHTR end

o 04 1]

o

§ 03 [ 1|

E -

g 0.2

w 01

160 165 170 175 180 185 190 195 200
Time after Compression Start t. [ms]

3-14  n-Heptane
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3-15  n-Heptane HCCI

n-Heptane 680x=15K
0.2 850K
950=+x15K 1

0.2

Thermal

Homogeneous

Fuel W Tur

Homogeneous ® T

1100 — n-Heptane/Air
P(0)=0.1MPa

1000 ,i\._/.‘—'_.
950

900 {/

850

Titr start » THTR start 1€Mperature [K]

800
750
700 H/?Q\./’.
650
600

0 0.1 02 03 04 05 0.6
Equivalence ratio ®

3-15 n-Heptane HCCI
3 3 2
3-16 0.14 n-Heptane HCCI
HCCI 333K,
353K, 373K 2
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In-Cylinder Gas
Pressure P.(t) [MPa]

N W A~ O

Q -

- T,(0)=373K
353K
333K

3-16 n-Heptane

e
3,

N
)

In-Cylinder Gas
o -
a2 N w

Pressure P (t) [MPa]

HTR
910x10K

LTR
70510K

Thermal
Homogeneous
Fuel
Homogeneous
n-Heptane/Air
P (0)=0.1MPa

®=0.14
Experiment
‘51400 g
a———"""3%
/\; .
11000 ©'F;
/// lso0 23
J 0 58
1600 5'2
—— 1400 2
““““““““““““:00
0 50 100 150 200 250 30
Time after Compression Start t, [ms]
T.(0)=37 Thermal
353K Homogeneous
Fuel
333K Homogeneous
n-Heptane/Air
P_(0)=0.1MPa
©=0.14
Experiment
=51300
] X
/1200 o ;
/:K,__.._-#—-—:ﬂoogpr_’u
— e 1000 5 @
7 7 ] =
: 1900 £%
et 00 <§
N 4 1800 Q o
S 700 =5
— : 2

Initial Temperature T [K]

373

353

333

3-17

l B

Time after Compression Start t. [ms]

n-Heptane
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LTR Degeneration HTR

N [

tLTR start tLTR end tHTR start tHTRS()%tHTR end

140 145 150 155 160 165 170 175 180



3 4 n-Butane HCCI

1)
3-18 n-Butane HCCI 3-19
1
n-Butane
810+10K
50
E . Thermal
8= 4/ Homogeneous
0= .t Fuel
&3 Homogeneous
o 2l n-Butane/Air
i T.(0)=380K
£8 1 P_(0)=0.1MPa
a Experiment
0
2400
3 g ®=0
@ ; 2000; o=0
O~ 1600 ®=0
5 o g =0
T 5 1200 ®=0.
=4 F Ai
S8 800E
£5 400k
- of
0 50 100 150 200 250 300

Time after Compression Start t. [ms]

3-18 n-Butane
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Thermal
Homogeneous
Fuel
Homogeneous
n-Butane/Air
T.(0)=380K

P (0)=0.1MPa
Experiment

g
n
© =
6:2'5;
o 2l
>5 r
O wn 3
_,':31.57
o
14087

1200/

1000

[
o
o

In-Cylinder Gas
Temperature T(t) [K]

600

1
LTR Degeneration HTR

ttR start tLTR end tHTR start tHTR50%tHTR end

N W A O

Equivalence Ratio ®
o o o o o

—

150 155 160 165 170 175 180 185 190

Time after Compression

3-19 n-Butane
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35

3-20 n-Heptane /so-Octane n-Butane

293K 01 0 6
0 2
3-21 iso-Octane n-Heptane
iso-Octane  HCCI
HCCI
6

o [ Thermal
= — [ Homogeneous
3 g 5| Fuel
8 S [ Homogeneous
E o 4 P.(0)=0.1MPa
“ = T.(0)=293K

L Experiment
% S 3 n-Heptane
xe | n-Butane

Y r
§ o 2 iso-Octane
EQ |
=2 4
sx 1
= r

02 03 04 05 06 07 08
Equivalence Ratio

3-20

Thermal
Homogeneous
Fuel
Homogeneous
P (0)=0.1MPa
T.(0)=293K
Experiment

n-Heptane

n-Butane

2 iso-Octane

Maximum Rate of Pressure
Rise dP_(t)/dt, [MPa/ms]
w

0 3 691215182124
Input heat value Q,, [kJ/cycle]

3-21
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n-Heptane,/so-Octane
LLNL
3-23  n-Heptane
Pc(0)=0.1MPa

PRF
3-22 /so-Octane

n-Heptane

n-Hetpane 30%
(OH HCHO H:202)

HCHO H202

H20:2
Tc(0)=333K

n-Heptane

HCHO  H202

n-Heptane,/so-Octane
( 1034, 4238) [56]
@=0.14 333K 373K,
HCHO, H202, OH, C7Hz16, CsHas
iso-Octane

n-Heptane

n-Heptane

OH

iso-Octane
iso0-Octane Tc(0)=373K

n-Heptane
HCHO

iso-Octane
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‘T
nd 6
S n-Heptane
524 P(0)=0.14MPa
So 2 ®=0.14
5‘ § Calculation
Lo ©
g0 1800 o &
T{0)=3T3K 1300 5 ©
© —
333K lsoo £2
32
1.8x10 £

HCHO [mol/mol]
0
X
o

6.0x10™

0.0x10° 1.8x107 =
s £
1.2x10° J
(| g

6.0x10*
L i
N
1.2x10° 0.0x10° T

OH [mol/mol]
©o
o
X
o
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0.0x1 00 3.0x1 0'3 g
I -
2.0x10° £
| .
1.0x10° §
U .
~ 0 T
0 50 100 150 200 250 30%0)(10 c
Time t_ [ms]
3-22 n-Heptane, @=0.14 333K 373K, Pc(0)=0.1MPa

HCHO, H202, OH, C7H16, C8H18
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wg 6
6= iso-Octane
8§54 | P(0)=0.14MPa
£, | ©=0.14
3 Calculation
£, 5
- o
S 1800 § g
T.(0)=373K 1300 5 2
333K 25
1800 5 5
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I
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A E
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S
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°
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Time t, [ms]
3-23 jso-Octane, @=0.14 333K 373K, Pc(0)=0.1MPa

HCHO, H202, OH, C8H18
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iso-Octane n-Heptane, n-Butane

HCCI
n-Heptane J/so-Octane n-Butane
LLNL PRF
1. n-Heptane 680x=15K
iso-Octane 715+15K
+15K n-Butane 810+10K

2.
3.
4,
5. HCHO

iso-Octane n-Heptane
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HCCI

HCCI
buoyancy effect
HCCI
4-1 (¢p=0.14) (Tc(0)=373K)
n-Heptane Jso-Octane DME
1
4-1
Mixture Temperature .
Distribution Distribution Fuel ® T(0) | AT
iso-Octane
0.14
n-Heptane 373K | 3K
Fuel Thermal
Homogeneous |Homogeneous DME 0.18
iso-Octane
0.14
n-Heptane 373K | 25K
Fuel Thermal
Homogeneous Stratified DME 0.18
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buoyancy effect

4-2 4-2
4-3
0.8 I/s X=550mm
Y-Z 388K 385K
3K 395K 370K 25K 4-4
4-5 3
15
X Y-Z 0.8 I/s
10K
25
4-4 4-5
buoyancy effect
25K 10K
4-2
0.01l/s 373 K 405 K 0.1 MPa
0.81/s 373 K 405 K 0.1 MPa
(1)
4-1 4-3
4-1
K 0.2mm
NR1000
Omm 655mm Oomm

32.5mm 52.5mm 62.5mm
4-3 4-4
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Air Only
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T.(0)=373K
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4 380K
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420
410
400
390
380
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360
%0 60 40 20 0 20 40 60 80
Vertical Distance from Center D,, [mm]

In-Cylinder Gas
Temperature T, [K]

4-11
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410
400
390
3808
370F,#,,#.47f//////%¥§\\§§<:i;Q§<<§
360ﬁﬂﬂﬂﬂﬂ’% ‘
330 100 200 300 400 500 600 700
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4-12

In-Cylinder Gas
Temperature T_ [K]

x(z2-12) (4.4)

-1

T(XZ’ Zn) _T(Xl’ Zn)
X =X

T(x,2,)=T(x,2,)+ X (X—X%,) (4.5)
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; 1.6x10" TC(0)=37_6K Air Only
g . :
% 1.2x10 oK
> |
> 8.0x10° :
S :

4.0x10°%}

0.0x10°—

350 360 370 380
In-Cylinder Gas Temperature T, [K]

390 400 410

2.4x10%¢
af - Flow Off
= 2.0x107} T.(0)=379.4K P.(0)=0.1MPa
£ 5 Air Onl
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4 2 i/so-Octane HCCI

4 2 1
(1) Ringing Intensity
Eng[56] Kocking level
Ringing Intensity HCCI

o]
LB
Ringing Intensity ~ ———™* [yRT_ (4.6)
2}/ Pmax
4.6 Ringing Intensity (kPa/ms) 2 Pmax(kPa)
, (m/s) root-square 3
Scale Factor Eng [3=0.05
[55][56][57] 4-17 n-Heptane iso-Octane
Ringing Intensity n-Heptane Ringing Intensity
0.742 MW/m2 , 0.6882 MW/m2 8
iso-Octane Ringing Intensity 22.922 MW/m2
1.770 MW/m2 40%
2 04
§ % i Fuel
= % 0.3 Thermal Homogeneous
e= F Homogeneous iso-Octane/Air
§§° 0.2: P_(0)=0.1MPa
Qo r Thermal T,(0)=373K
co 01 Stratified ©=0.14
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voa O
a -01 ~1300
] X,
112008 =
] (LIS
71100 5 "
B2
510003‘ g
1900 £ €
] 7]
] |
800

176 178 180 182 184 186 188 190 192 194 196
Time after Compression Start t_ [ms]

4-16 Jso-Octane
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Ringing Intensity [MW/m2]

4 2 2

1)
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1282K
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2.5
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1.5

Thermal Thermal
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0.5

n-Heptane iso-Octane
4-17 Ringing Intensity
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2
1ms 440pas  1.1.Gain 2000
1 3 4
3 4

1133K 1183K
4-20 n-Heptane
HTR

1000K 1082K
3 4

1020K 1090K
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_ m'g‘ 0.4
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P.(0)=0.1MPa 22 02
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. ) 10005 &
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Combustion 176 178 180 1 82 184 186 1 88 190 192 1 94 196
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1 2 3 4 5 6
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189.3-

179.2- 180.6- 182.1- . 185.0- 186.4- 187.8-
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4-18 71so-Octane
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4 3 n-Heptnae HCCI

4 3 1

@
4-19 4-16  n-Heptane  jso-Octane
X Y

/iso-Octane

Magnus [61]

0.4

Thermal FUei »
0.3
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0 2: R\ n-Heptane/Air

: P.(0)=0.1MPa
M T.(0)=373K

. | ©=0.14

ol Thermal
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-0.1““““““““““““““““““““71300

Rate of In-Cylinder Gas
Pressure rise dP_ /dt, [MPa/ms]
o

f1200

1110

o o

‘ ‘w‘ S
o o
o [=}

In-Cylinder Gas
Temperature T (t) [K]

P S T T ST S T T AR \\\\: 00
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Time after Compression Start t, [ms]

4-19 n-Heptane
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A =30 x 30 mm

4-21 2
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n-Heptane iso-Octane
Image Number Image Number

) 12 6 2
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P_(0)=0.1MPa 800 800
= 400 Area2 400 Area2
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4 3 2
1)

4-23 4-24 n-Heptane Jjso-Octane
@=0.14 373K Pc(0)=0.1MPa
n-Heptane
iso-Octane n-Heptane
705K 910K
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w
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a
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4-23 n-Heptane @=0.14 373K Pc(0)=0.1MPa
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4.5¢
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0= 35 iso-Octane/Air
g P_(0)=0.1MPa
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£ 2? Experiment
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1.5 1300
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4-24  jso-Octane @=0.14 373K Pc(0)=0.1MPa
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4

(P=0.14)

DME
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(Tc(0)=373K)

DME
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4-26
T1=387K

T2=372K

Sandia National Laboratory

SENKIN[42]
4238)[47]

2.4ms

4ms

4-27 4-28

CHEMKIN 11[41]

LLNL PRF ( 1034,
n-Heptane
HCCI 1
1.9ms 2.9ms
iso-Octane
n-Heptane n-Heptane
Piston
. TDC
Pipe . . Exhaust
Piston Lift X mm = ine
]
Nt
N
CHEMKIN

4-26
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In-Cylinder Gas Pressure P, [MPa]
w

/

P (0)=0.1MPa
©=0.14
Calculation

o — 1600
n-Heptane {3°(0) 357’/”/__ 11400
11200

isa-Octane o \-’h’” ;1000
]£ 1800

44”' |600

*‘““""”" 1400

1200

0 _ 50 100 150 200 250 30

Time After Compression Start t, [ms]

4-27

In-Cylinder Gas Pressure P, [MPa]

4-28

3

5. |p,(0)=0.1MPa
45 |0=0.14

Calculation

(0) =387
'Heptane { ¢ K\‘/__
387K / /
so-Octane
{372K

)
g
L=

Time After Compression Start t, [ms]
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In-Cylinder Gas Temperature T, [K]

In-Cylinder Gas Temperature T, [K]
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Boyounce Effect

n-Heptane  jiso-Octane

X=550mm
15K
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1

HCCI

n-Heptane, 7/so-Octane HCCI
HCCI
HCCI
5-1 (P=0.14) (Tc(0)=373K)
n-Heptane//so-Octane
5-1
Mixture Temperature A
Distribution Distribution Fuel e |TO) At
Q O iso-Octane
0.14 | 373K | 3K

Fuel Thermal

Homogeneous |  Stratified n-Heptane

Q O iso-Octane
0.14 | 373K | 25K

Fuel Thermal
Stratified Stratified

n-Heptane
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511

n-Heptane  jso-Octane 3694+2K 373K
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£ 14
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B 2

o

"0 1000 2000 3000 4000 5000 6000 7000
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5 2 n-Heptane  /so-Octane HCCI

5-2 n-Heptane,/so-Octane @=0.14
373K Pc(0)=0.1MPa
n-Heptane n-Heptane,iso-Octane
(185ms)
n-Heptane
— 5¢ —
& F Thermal
8= 4 Stratified
o o P,0)=0.1MPa
| T,(0)=373K
EE ©=0.14
>a Experiment
o8 Experimen
c® qf
o
Qb !
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Gl 1100[  Fuel
5 £ 1000,
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= 700
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60—~ [
4
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Stratifie

Fuel [ B
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Fuel .
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140 150 160 170 180 190 200 210 220
Time after Compression Start tc ms

5-2  n-Heptane /so-Octane @=0.14 373K
Pc(0)=0.1MPa

96



o
ES

‘Thermal
0.35 ‘Stratified
8% P_(0)=0.1MPa
0.3 T.(0)=373K
©=0.14
Fuel Fuel :
0.25 Homogeneous Stratified 'Experiment
0.2

12%

Rate of Pressure Rise dP_(t)/dt, [MPa/ms]

0.15
0.1
0.05
0
n-Heptane iso-Octane
5-3
5 3
A = 30>=30 pixel(1
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Thermal stratification Areal
Area2 1 2ms Mixture stratification
Areal Area2
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Fuel

Homogeneous

Fuel
Stratified

Thermal
Stratified
n-Heptane/Air
P.(0)=0.1MPa
T.(0)=373K
©=0.14
Experiment

Fuel Homogeneous
Image Number
f1]2]3)4]s5]6]71]8

Fuel Stratified
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1123456718

o 2.0x10° o 2.0x10°
2 e
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8 ] @ 2 Areal
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S 0 s 0
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n-Heptane  jso-Octane
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6 2 1 @ 04
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6 2 2
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6 2 3 n-Heptane/iso-Octane
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6 3 HCCI

6 3 1
6-8 6-9 0.14, 333K I'n-Heptane 100mMol% 50mol%
30mol% 10mol% O0mol%
iso-Octane 3 293K 2
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6-9
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6 4 HCCI
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6 5 HCCI
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