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Scope of Activitiesin 2006

Scope of Activities in 2006
€ 2006 SAE Congress
€ 2006 DEER Conference
€ 2006 SAE HCCI Symposium
€ 2006 SAE Power Train and Fluids System Conference

/2 Written Papers and 99 Presentations

Topics include Basic Kinetics, Gasoline Engine
Development, Diesel Fuel Engine Development,
Alternative Fuels, Ignition Assisted HCCI, Fuel
Property Effects, Mode Switching, Stratification, etc
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Presentation Focus

Summary of Important Recent Findings
Current Overall Understanding of HCCI




Stratification -
2006-01-3319 Keio University.

Rapid Compression Machine Experiments with controlled Stratification
show that both Reactive (large LTHR) and non-Reactive Fuels (little
LTHR) Display Increased Reaction Duration with Stratification, as

shown graphically at the bottom I Tramogensous pr——
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Stratification -
2006-01-3319 Keio University.
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| nitration Processes -

2006-01-3319 Keio University.

Reactive Fuels characterized
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| nitration Processes -

2006-01-3319 Keio University.
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Effectson T emperature History.

Temperature History During
Compression is Affected by:
€ Compression Ratio

@ Initial T and T Gradients

€ Mixing and Turbulence
®EGR Level

€ Equivalence Ratio

€ Valve Timing




Compression Ratio Effect —
Alamo_Engine Cycle Simulation

Assumptions: 1liter/cyl

Engine, SOR at 25° ATDC,
373 K MAT, 240
kPa MAP, 1800 rpm
Compression T History
1100 Area of Interest is from
1050 10° BTDC to 10° ATDC
996 K
1000 968 K /\ Increase in CR from 12:1
950 - o ) to 17:1 Increases the T at
X — ~ 10° BTDC by 89 K, and
g 900 | g79K / SIZK \ Peak T by 99 K
g 850 _ 15:1CR
2 L 14:1 CR N\ At 17.5:1, LTRH for n-
3 S 21C N— Heptane Occurs 37°
SR, ZET N BTDC, and HTHR for
Isooctane Occurs 16°
700 BTDC
650 -
At 12:1, LTHR for n-
600 | | | Heptane Occurs 33°
330 340 350 360 370 380 390 BTDC, and HTHR for
Degrees CA Isooctane is Never
Achieved




MAT Effect at 14:1 CR —
Alamo_Engine Cycle Simulation

Assumptions:

lliter/cyl Engine,

SOR at 25° ATDC,
MAT Effect 240 kPa MAP, 1800
rom, 50, 100, and
150°C MAT

At 50°C MAT, LTHR
for n-Heptane
Occurs 25°BTDC
and HTHR for
Isooctane is Never
Achieved
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At 150°C MAT,
LTHR for n-Heptane
Occurs 38° BTDC
and HTHR for
Isooctane Occurs

Degress, CA 9°BTDC




ec;e}\ Temperature Gradient Effects -
S 2006-01-1202 Nissan Motor Co.

Temperature and Fuel Stratification
were Examined Using Dual Intake Ports
with Individual T and Fuel Controls

Optical Engine Experiment Power supply/controller 2 Electric

Fuel Injector 2 heater 2
~1 Thermo /
2 )

N —

. \
Thermo Fuel Injector Electric
Optical engine Couple 1 heater 1
Power supply/controller 1 -




TTemperature Gradient Effects -
2006-01-1202 NI SSsdmwms

Using a Fixed Average

Temperature they did
see T Stratification
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Temperature Gradient Effects -
2006-01-1202 Nissan Metor Co.

They also Observed Earlier Onset of LTHR,
and Calculated Temps in 4 Fixed Zones
that Did Predict the Earlier On Set

€ Domain1 @ :Domain2 [ :Domain3 A :Domain4
* Front side

Rear side =+
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Effects of Turbulence 2006-010-3318

- == = U,=0.57 CA10 For Reactive Fuels,
e Predictions indicate that
~ ——d—— U',=0.57 CA50 for Fixed T Gradlents,
A -t Increases in Turbulence

Intensity Retard Ignition
and CA50

€ Reduces the T Gradient
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For Fixed Turbulence
Intensity, Increases in
the T Gradients Result
In Advanced Ignition and

CA50
€ Hottest Locations get Hotter
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EGR Effect —
Alamo_Engine Cycle Simulation

EGR Effects at 14:1 CR
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330 340 350 360 370 380
Degree, CA

Assumptions:
lliter/cyl Engine,
SOR at 25° ATDC,
373 K MAT, 240
kPa MAP, 1800 rpm

LTHR for n-Heptane
Occurs 35° BTDC
with Zero EGR and
32° BTDC with 30%
EGR

HTHR for Isooctane
Occurs 10°BTDC
with Zero EGR and
is Never Achieved
with 30% EGR




Fuel and EGR Effects —
SAE 2006-01-0028 T oyota

Reactive Fuels Display Specific Relationship is
LTHR T and LTHR linear with Carbon
Magnitudes that are Chain Length for the n-
Composition Dependent Paraffins Shown

€ Typically Lower LTHR
Magnitudes and Higher
LTHR T Correspond

Start Temp. of LTO & HTO
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Fuel and EGR Effects —
SAE 2006-01-0028 T oyota

Authors Claim no
Effects of Equivalence
Ratio, EGR, or MAT on
LTHR and HTHR

Fuel:n-Pentane

HTO
- - BB
950 ‘

900 Parameter
B ¢

890 ® EGR ratio

800 A Air temp.

750

-25 -20 -15 -10 -5 O
Start C.A. of LTO & HTO ° ATDC

—
o
o
o

Agree with the HTHR
Conclusion but
Disagree with LTHR
Conclusion, Figure
Shows Significant
Slopes for the EGR and
MAT Effects

€ LTHR T Varied from 770
to 800 K over the Range
of EGR’s Tested

€ LTHR T Varied from 790
to 810 K over the Range

of MAT’s Tested
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Fuel and EGR Effects —
SAE 2006-01-0028 T oyota

Assuming the Same Conditions

EGR Effects are as Shown Previously, Figure

Below Shows the EGR Effect on
Clearly Demonstrated THR T

below for n-Pentane 0-30% EGR Changes LTHR T
by ~6° C Compared to 8°C
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Equivalence Ratio Effect —
Alamo_Engine Cycle Simulation

Assumptions:1
liter/cyl Engine, SOR
at 25° ATDC, 373 K
: : MAT, 240 kPa MAP,
Equivalence Ratio Effects 1800 rpm, 15, 25 and
40:1 A/F, same BDC
T for all cases

Very Little Difference

15:1 A/IF 710 K at 31, 30, and

290 BTDC
Respectively for 15,
25 and 40:1 A/F
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Reminder

HCCI Reactions many Times
Involve Two Stage Processes

High Temperature or
Main Reaction ~910K ——

Low Temperature or
Cool Flame Reactions
~710K
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LTHR and HTHR
All Gasoline and Diesel Fuel Blends and FT Naphtha

2006-01-0207 Nippon Ol Phasing versus Pre-Reaction Heat Release
2004-01-1947 SWRI 4.5 |

4.0 - NG - FT Naphtha
CA of Occurrence of LTHR, and  JRECREEEERES N D sasolne
the LTHR Magnitude Define £ 30 . v 40% Gasoline
CA50 in HCCI Engine 2251 C ogasolne
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Optimum Reaction Phasing

Lowest BSFC and Highest Load with CA50 at 10° ATDC

15.00 —e—IMEP, narrow profile
—o— [MEP, middle profile
14.95 + —e— IMEP, wide profile
——BSFC, narrow profile
14.90 —+—BSFC, middle profile 02 |
14.85 —»— BSFC, wide profile !
< _
3 14.80 A\ 212 = 0.15
2 \ :
o 1475 + 1210 © 0.1
= O
= 14.70 | 208 L 0.05 -
14.65 | + 206 @ 0
14.60 204
340 350 360 370 380 390 400
14.55 202 crank angle [deg
14.50 1 1 1 200

355 360 365 370 375 380 385
crank angle of main heat release peak [deg]




Fuel Effects - 2006-01-0207 Nippon Ol

Low Temperature Reactions (in terms of both EPAIT
and Cool Flame Magnitude) are Dependent on Fuel
Composition, holding all else constant

€ EPAIT Decreases and Cool Flame Magnitude Increases with
n-Paraffin Content

€ Cyclic Compounds Suppress these Effects

Engine Speed 1000pm [wicos] [MCO1 MCO6. BASE, 2 S e
IMEP 530kPa MCO09, MCO03 N [cve-125] [cveds]  [cve-17]
Tair_in SOQC E 28 .eeensN Added cyclohexane \h
M08 MC10 g = ) O rreeerarasenseet
MCO7 i ’ 3 T~

5 ?‘ N MC11 ¥ 24 lAd;d: oo

o MC02 -15] eyl )

o -

I (T - ? 0 2 4 6 8

Additional naphthene vol% to BASE fuel

25 : 5 25

Crank angle deg



Anether Equivalence Ratio Effect —

2006-01-1518 Sandia

Fuels with Low Temperature Reactions

Exhibit more Low Temperature Reaction
§:§2 T as ® Increases due to Higher
U P N A R Concentrations of the Contributing
R e e A Compounds
el I Ryl ) | € CA50 Advances with Load
£ 122 B ® Note the Gamma Effect on Compression T
ol History
B0 %0 S ank Angle [OAl # Note Large of Minor Change in LTHR
< 1050 . . . < C
— | | | O15T---- =t -
81000 4 - - -- o e b L 5
E | | 310- C. . . ]
2 9%0T-- [, T R ek Rl el K |
[e] ) |
% 900 o Rl | E o | Jl _
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T 800 = A T > | ¢ =034 | | | |
(7] | | I I I I I I I I
§ 750 1---- deooou I : —— ———————————
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SUummary.

Start of Reaction T (EPAIT by SwWRI IQT Method) and
the Magnitude of LTRH (also Possible to Measure in

SwWRI 1QT) are Fuel Properties that can be Measured
and are Convenient as Specification Properties

Non-Reactive Fuels Display Little or No LTHR and
the Start of Reaction T (or EPAIT) isthe HTHR T

For Reactive Fuels, LTHR Occurs Early, at Low
Compression Temperature, Raising the T for the
Following Compression, Thus Advancing HTHR
Onset
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Summary (continued)

Given EPAIT and the Cool Flame Magnitude
and the Compression Temperature History, it
IS Possible to Predict CA50 with EGR and
Thermodynamic Condition Corrections

& CR Effect Estimated by Isentropic Compression
& MAT Effect Estimated by Isentropic Compression

®EGR Appears to Have Only a Gamma Effect on
the Compression T History, Estimated by
Isentropic Compression
& Stratification Effect Estimated by Maximum AT
Turbulence Effects Estimated by Mixing Rate Calculation
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Fine Points— Fuel Effects — SAE 2006-01-0023
Tfoyota, |FP HCCI Symposium 2004 SWRI

Fuel Effects Must be
Interpreted with Care - Enlargement

n-C5 + iso-C5
€ Addition of a Non-Reactive n-C5 + iso-C5
Component (iso-Pentane) (¢=0.25+0.1)
has Little or No Effect on the \
LTHR T and Magnitude of
the Reactive Component (n- only n-C5
Pentane) (¢=0.25)
As Long as the Quantity of

Reactive Component is

Constant (no Dilution 0 =
Effect), an(d -25-20-15-10-5 0 5 10 15

As Long as the non- Crank Angle ° ATDC

Reactive Component is not & The Presence of the Reactive

a LTHR Suppressor Component Has Little or No
Iso-Pentane had No Effect Effect on the HTHR

grérg?aenléTHR Sl tiS - N-Pentane had No Effect on
the HTHR of the iso-Pentane

-5 0
° ATDC

Heat Release Rate J/deg




Fine Points — Fuel Effects — SAE 2006-01-0028 T oyota,

IEP HCCI Symposium 2004 SwWRI, SAE 2006-01-0207
NI ppon OI I All Gasoline and Diesel Fuel Blends and FT Naphtha

Phasing versus Pre-Reaction Heat Release
4.5 |

Fuel Effects Must be Interpreted with Care

€ SwRI Experiments indicate :Z \ . 0% Ganaline
Addition of a Small Quantity of non-Reactive i K : L 2omsasone
Component (gasoline)_has a Major Impa_ct on [ - +  60% Gasoline
the LTHR T and Magnitude of the Reactive i X 80% Gasoline
Component (diesel fuel) £ 201 }‘:i\‘ ¢ 100% Gasoline

® Nippon Oil Results Indicate that some non- Lo \
Reactive Components Actually Suppress the [lkaa ~
i I 0.5 T T . . . ;
I(—:-glr_lnl:s)o-rngﬂgslvlagnltuc’e Of ReaCtlve 0.00 0.01 0.02 003 0.04 0.05 0.06 o0.07
Pre-Reaction Heat Release
Cyclic Compounds Tend to Act as Suppressors

Engine Speed: 900rpm

Engine Speed 1000rpm

IMED: 470kPa 32 r
B 6 50/ H t NTQ Manifold IMEP560kPa Tair—in =50°C
ase + 0.097 Heptane . 53-54°
= b remp: 53°5¢ © K [cYe125]  [cvets]  [cve1r]
- sof||,* Press.: 50.7kPa 3
'g -|. BASE g 28 N e » Added cyclohexane
§ : 2 Om - . L.
3 Base + 6.5% Toluene E T mime
= T e
o x2at S T e T = =
i = CY5-12.5 |/ ""-ff‘.jfi,cyc'?-'?ﬁ(‘:“e
[CY5-15) G}
20 1 1
0 2 4 6 8 10

Crank Angle_deg Additional naphthene vol% to BASE fuel



Fine Points-Stratification- SAE 2006-01-0028 T oyota,
2006-01-1518 Sandia

Stratification can Reduce the Peak Rate of
Pressure Rise and Peak Pressure but Caution
must be Observed

& If the Mean T Remains the Same, T Stratification
will Lead to Higher Peak T and Earlier Onset of
Reaction

@ |f the Overall Equivalence Ratio Remains the
Same, the Richer Locations will React Earlier
Sandia Demonstrated Improvement with Same Fuel

in Two DI Injections, one early for Homogeneous 0
and one late for Stratification 362 364 366 368 870 B72 874 876 378

Crank Angle [°CA]
Toyota Demonstrated using two Injectors with Two
Different Fuels with Approximately the Same
Reactivity

€ Both Sandia and Toyota Demonstrated the earlier
Onset of LTHR and Reduction in the Peak HTHR

= Premixed

CA]

=17.0% in Second Pulse -
I I I I

ate [J/

Mo
o
o

$4=0.365
$2=0.075 |~

Heat-Release

4]
o

Intake/Directfmm3]
=22.71/0

13.0/9.2 757139

Heat Release Rate J/deg.

-20  -10 0 10
Crank Angle ° ATDC
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