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ObjectivesObjectives

•• To contribute towards the development of surrogate (jet) fuels To contribute towards the development of surrogate (jet) fuels p g (j )p g (j )
through detailed and quantitative characterization of combustion through detailed and quantitative characterization of combustion 
properties and kinetics for:properties and kinetics for:

Si lSi l t h d bt h d b•• SingleSingle--component hydrocarbonscomponent hydrocarbons
•• Mixtures of chosen hydrocarbonsMixtures of chosen hydrocarbons
•• Selected jet fuelsSelected jet fuels

•• To develop detailed To develop detailed kinetickinetic and and transporttransport models that predict models that predict 
t l th i t ll b d b h i f th tt l th i t ll b d b h i f th taccurately the experimentally observed behavior of the surrogate accurately the experimentally observed behavior of the surrogate 

fuel components and their blends.fuel components and their blends.

•• To reduce the size and stiffness of detailed kinetic models and to To reduce the size and stiffness of detailed kinetic models and to 
determine the associated uncertainty propagation so that can be determine the associated uncertainty propagation so that can be 

d i ld i l l i l til i l tiused in largeused in large--scale simulations.scale simulations.



Approach: ExperimentsApproach: Experiments
•• Flow reactors Flow reactors (Bowman, Cernansky, Miller)(Bowman, Cernansky, Miller)

•• Studies of low, intermediate, and high temperature kineticsStudies of low, intermediate, and high temperature kinetics
•• 650650--1250 K, 11250 K, 1--25 atm25 atm

•• Stanford shock tubeStanford shock tube (Hanson)(Hanson)•• Stanford shock tube Stanford shock tube (Hanson)(Hanson)
•• Studies of low, intermediate, and high temperature kineticsStudies of low, intermediate, and high temperature kinetics
•• Ignition delays and species time evolutionIgnition delays and species time evolution
•• 600600--3000 K <1 to 600 atm3000 K <1 to 600 atm•• 600600--3000 K, <1 to 600 atm3000 K, <1 to 600 atm

•• NIST shock tube NIST shock tube (Tsang)(Tsang)
•• Studies of decomposition and isomerization of alkyl, Studies of decomposition and isomerization of alkyl, 11--olefinyl, and olefinyl, and 

cyclocyclo--alkyl radicalsalkyl radicals

•• Laminar flames Laminar flames (Egolfopoulos, Law)(Egolfopoulos, Law)
•• Laminar flame speedsLaminar flame speeds•• Laminar flame speedsLaminar flame speeds
•• Ignition/extinction limits (premixed & nonIgnition/extinction limits (premixed & non--premixed)premixed)
•• Up to 30 atmUp to 30 atm

•• Transport coefficients Transport coefficients (Manion)(Manion)



Approach: TheoryApproach: Theory
•• Detailed kinetic models Detailed kinetic models (Bowman, Cernansky, Hanson, Lindstedt, Miller, (Bowman, Cernansky, Hanson, Lindstedt, Miller, 

Tsang Violi Wang)Tsang Violi Wang)Tsang, Violi, Wang)Tsang, Violi, Wang)
•• Application of quantum chemistry and reaction rate theoriesApplication of quantum chemistry and reaction rate theories
•• Kinetics foundation model (CKinetics foundation model (C00--CC44))
•• Surrogate component modelsSurrogate component models•• Surrogate component modelsSurrogate component models

»» LowLow--toto--intermediate temperature chemistryintermediate temperature chemistry
»» High temperature chemistryHigh temperature chemistry

M d l ti i ti d lid tiM d l ti i ti d lid ti•• Model optimization and validationModel optimization and validation

•• Transport models for H atoms and longTransport models for H atoms and long--chain aliphatics chain aliphatics (Manion, Violi, (Manion, Violi, 
Wang)Wang)g)g)

•• Model reduction and uncertainty propagation Model reduction and uncertainty propagation (Law, Lu, Wang)(Law, Lu, Wang)
•• Skeletal reductionSkeletal reduction

I l iI l i•• Isomer lumpingIsomer lumping
•• Stiffness removalStiffness removal
•• Reduction of diffusion modelReduction of diffusion model

E tiE ti•• Error propagationError propagation

•• Direct numerical simulations of experimental configurations Direct numerical simulations of experimental configurations (Pitsch)(Pitsch)



Jet Fuels Composition (courtesy of Tim Edwards)Jet Fuels Composition (courtesy of Tim Edwards)

4658 3327 4734 4572 4765 3773 World 
survey

Jet A 
composite 

blend

JP-7 F-T Jet RP-1 Coal-based 
jet fuel
DCL

JP-8 Jet A, Jet A-
1, JP-8, JP-

5, TS-1

Paraffins (n- + i-) 55.2 67.9 99.7 57.6 0.6 57.2 58.8
Cycloparaffins 17.2 21.2 <0.2 24.8 46.4 17.4 10.9

Dicycloparaffins 7.8 9.4 0.3 12.4 47.0 6.1 9.3
Tricycloparaffins 0.6 0.6 <0.2 1.9 4.6 0.6 1.1Tricycloparaffins 0.6 0.6 0.2 1.9 4.6 0.6 1.1
Alkylbenzenes 12.7 0.7 <0.2 2.1 0.3 13.5 13.4

Indanes/Tetralins 4.9 <0.2 <0.2 0.3 1.1 3.4 4.9
Indenes <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

Naphthalene <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.13p
Naphthalenes 1.3 <0.2 <0.2 0.3 <0.2 1.7 1.55

Acenaphthenes <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Acenaphthylenes <0.2 <0.2 <0.2 0.4 <0.2 <0.2 <0.2

Tricyclic Aromatics <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

3638 3602 3642

Jet A Jet A RP-1

Aromatics (ASTM D1319) 12 24 2.9



Surrogate Component Palette (courtesy of Med Colket)Surrogate Component Palette (courtesy of Med Colket)



Parameter Space (1)Parameter Space (1)

•• Fuels:Fuels:Fuels:Fuels:

•• Reference JetReference Jet--A and JPA and JP--8 samples, including low and high aromatic 8 samples, including low and high aromatic 
contents;contents;

•• FischerFischer--Tropsch and bioTropsch and bio--derived jet fuels constituted entirely of derived jet fuels constituted entirely of nn-- and and isoiso--
alkanes;alkanes;

•• A reference coalA reference coal--derived jet fuel constituted entirely of cycloalkanes;derived jet fuel constituted entirely of cycloalkanes;

•• CC1010--1212 nn-- andand isoiso--alkanes;alkanes;

•• CC77--1212 cycloalkanes;cycloalkanes;

•• Aromatics;Aromatics;Aromatics;Aromatics;

•• Binary and tertiary mixtures of the selected singleBinary and tertiary mixtures of the selected single--component fuels.component fuels.

(S t l ti ill b d b id i th fi di f th ll l(S t l ti ill b d b id i th fi di f th ll l•• (Surrogate selection will be done by considering the findings of the parallel (Surrogate selection will be done by considering the findings of the parallel 
MURI effort and the recommendations of the Surrogate Working Group)MURI effort and the recommendations of the Surrogate Working Group)



Parameter Space (2)Parameter Space (2)

•• Thermodynamic conditions:Thermodynamic conditions:yy

•• Pressures: 0.25 to 30Pressures: 0.25 to 30 atm;atm;

•• Unburned reactant temperatures: 300 to 1250Unburned reactant temperatures: 300 to 1250 K;K;•• Unburned reactant temperatures: 300 to 1250Unburned reactant temperatures: 300 to 1250 K;K;

•• Shock tube experimental temperature range: 650 to 2000Shock tube experimental temperature range: 650 to 2000 K;K;

•• Reactant composition: equivalence ratio bracketed by lean and rich Reactant composition: equivalence ratio bracketed by lean and rich 
flammability limits, typically ranging from 0.5 to 1.5;flammability limits, typically ranging from 0.5 to 1.5;

•• Inert dilution: zero to highInert dilution: zero to high•• Inert dilution: zero to high.Inert dilution: zero to high.

•• Reaction configurations:Reaction configurations:Reaction configurations:Reaction configurations:
•• Homogeneous systems: flow reactors and shock tubes;Homogeneous systems: flow reactors and shock tubes;

•• NonNon--homogeneous systems: nonhomogeneous systems: non--premixed and premixed flames.premixed and premixed flames.NonNon homogeneous systems: nonhomogeneous systems: non premixed and premixed flames.premixed and premixed flames.



Roadmap: Years 1Roadmap: Years 1--3 and Beyond3 and Beyond
oo Years 1Years 1--2: Development of JetSurf 1.0 (working model)2: Development of JetSurf 1.0 (working model)

HighHigh--temperaturetemperature kinetics for:kinetics for:HighHigh temperaturetemperature kinetics for:kinetics for:
•• nn--alkanes up to Calkanes up to C1212

oo Years 2Years 2--3: Development of JetSurf 1.1 (preliminary model)3: Development of JetSurf 1.1 (preliminary model)
Addition of highAddition of high--temperaturetemperature kinetics for:kinetics for:

•• nn--butylbutyl--cyclohexanecyclohexane
oo Year 3: Development of JetSurf 2.0 (working model)Year 3: Development of JetSurf 2.0 (working model)

HighHigh--temperaturetemperature kinetics for:kinetics for:
•• nn alkanes up to Calkanes up to C•• nn--alkanes up to Calkanes up to C1212
•• nn--butylbutyl--cyclohexanecyclohexane

oo Year 3: Development of JetSurf 2.1 (preliminary model)Year 3: Development of JetSurf 2.1 (preliminary model)
Addition of highAddition of high--temperaturetemperature kinetics for:kinetics for:gg pp

•• isoiso--alkanes (~Calkanes (~C88--CC1212, slightly branched, symmetric), slightly branched, symmetric)

oo 2011: Development of JetSurf 3.0 (working model)2011: Development of JetSurf 3.0 (working model)p ( g )p ( g )
HighHigh--temperaturetemperature kinetics for:kinetics for:

•• nn--alkanes up to Calkanes up to C1212
•• nn--butylbutyl--cyclohexanecyclohexane
•• isoiso--alkanesalkanesisoiso alkanesalkanes

oo 2011: Development of JetSurf 3.1 (preliminary model)2011: Development of JetSurf 3.1 (preliminary model)
Addition of highAddition of high--temperaturetemperature kinetics for:kinetics for:

•• nn--propylpropyl--benzenebenzene



3-Year Progress C4-C12
n-alkanes

iso-alkanes cyclo-
alkanes

n-alkenes
iso-alkenes

aromatics fuel mixtures jet fuels

Shock tube:
Ignition delay, species 
concentrations

C5, C6, C7,
C8, C9, C12
0.35 to 34 atm

2,4-DMP
2,5-DMH
iso-octane
1-3 atm

cyclo-hexane 
(CHX)
methyl-CHX
n-butyl-CHX
1 3 t

reaction rate 
measurements 
of OH+alkenes

toluene
1-50 atm 
(ARO)

JP-8, Jet-A,
20 atm (ARO)

JP-7, RP-1
4 40 t1-3 atm 4-40 atm 
(AFOSR)

Flow reactor at 8 atm:
Low-intermediate T; 
reactivity sweeps and 
species concentrations

C7, C10, C12 iso-cetane
(no reactivity)

n-propyl-
CHX
n-butyl-CHX 

decalin o-, m-, p-
xylene
(partially 
funded by 
ARO-STIR)

o-, m-, p-xylene+n-
C12
iso-cetane+n-C10

Jet-A
JP-8
S-8
DCL

ARO STIR)

Flow reactor:
Intermediate-high T; species 
species concentrations

C7, C12
up to 8 atm

Laminar flame speeds C4, C5, C6, C7,
C C C C

iso-butane
iso octane

CHX
th l CHX

1-butene
2 butene

benzene (B)
toluene

methyl-CHX+n-C12
t l + C

JP-7
JP 8C8, C9, C10, C12

1-20 atm
iso-octane
1-10 atm

methyl-CHX
ethyl-CHX
n-propyl-
CHX
n-butyl-CHX
1-20 atm

2-butene
iso-butene
1-10 atm

toluene
n-propyl-B
1,2,4-TMB
1,3,5-TMB
o-, m-, p-
xylene
at 1 atm

toluene+n-C12
at 1 atm

JP-8
S-8
Shell-GTL
R-8
at 1 atm

C C C C CFlame ignition C3,C4, C5, C6, C7,
C8, C9, C10, C12
1-3 atm

Flame extinction (at 1 atm) C5, C6, C7,
C8, C9, C10, C12

CHX
methyl-CHX
n-butyl-CHX

benzene
toluene
n-propyl-B

JP-7
JP-8
S-8y

at 1 atm 1,2,4-TMB
1,3,5-TMB
o-, m-, p-
xylene

Shell-GTL
R-8

Detailed kinetic models JetSurf 1.0, 2.0 JetSurF 2.0 JetSurF 2.0
(n-alkenes)

JetSurF 2.0
(benzene & 
toluene)

semi-empirical 
with USC 
Mech II (STTR))

Transport properties C3-C8 exp. & MD empirical 
estimates

empirical 
estimates

empirical 
estimates

empirical 
estimates

empirical estimates empirical 
estimates

Model reduction lumped+skeletal     
(USC Mech II)

iso-octane 
(LLNL)

skeletal
n-butyl-CHX 
(JetSurf 1.1)

skeletal 
toluene 
(JetSurf 1.1)

skeletal n-C12+n-
butyl-CHX+toluene
(JetSurf 1.1)



IsoIso--AlkanesAlkanes

oo Target compoundsTarget compoundsoo Target compoundsTarget compounds
Slightly branchedSlightly branched
SymmetricSymmetric

•• e.g. 2,9 dimethyl decanee.g. 2,9 dimethyl decane

oo Recently quoted prices per 100 mlRecently quoted prices per 100 ml

One methyl groupOne methyl group

•• 22--methylmethyl--butane………………………………butane……………………………… $ 57$ 57

•• 22--methylmethyl--hexane……………………………...hexane……………………………... $ $ 912912

Two methyl groups and symmetricTwo methyl groups and symmetricTwo methyl groups and symmetricTwo methyl groups and symmetric
•• 2,42,4--dimethyldimethyl--pentane………………………….pentane…………………………. $ $ 570570

•• 2,52,5--dimethyldimethyl--hexane…………………………..hexane………………………….. $ $ 10001000

•• 2,72,7--dimethyldimethyl--octane…………………………..octane………………………….. $ $ 19601960

Three or more methyl groupsThree or more methyl groups

•• 2,2,42,2,4--trimethyltrimethyl--pentane (isopentane (iso--octane)………….octane)…………. $ 4.2$ 4.2

•• 2,2,4,6,6 pentamethyl2,2,4,6,6 pentamethyl--heptane (isoheptane (iso--decane)….decane)…. $ 5.1$ 5.1







EnergyEnergy--IPT Presentation ScheduleIPT Presentation Schedule
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