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Autoignition Comparison: Jet-A vs. Surrogate Mixtures (1)
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Autoignition Comparison: Jet-A vs. Surrogate Mixtures (2)
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Autoignition Comparison: Jet-A vs. Surrogate Mixtures (3)

Pressure Tracesfor 1 Gen. Surrogate (¢=1.0, P.=22 bar)
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Normalized pressure

Autoignition Comparison: RCM vs. Shock-Tube (1)
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Normalized pressure

Autoignition Comparison: RCM vs. Shock-Tube (2)

Jet-A vs. 2d Generation Surrogate
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Composition Confirmation
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Mixture Molar Percentages:

n-decane (0.49%), oxygen (20.91%), nitrogen

Detector Response (AU)
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Fuel Vaporization Check

Component Grams Injected Gram/mol | Moles Injected | T (K) | Expected Pressure Rise (Torr)
n-Heptane 2.412 100.21 0.02407 407.2 34.98

n-Dodecane 4.100 170.34 0.02407 407.2 34.98

1,3,5-TMB 2.893 120.19 0.02407 407.2 34.98

Fuel Vaporization Checks at 134 °C

n-C,,H,e (>91% in 80 min)

Mixture soak time in Experiments ~ 120 minutes
Mixture pre-heat in Experiments ~ 134 °C J

Pressure Build-up in Mixing-tank

10 - Fuel (n-C,,H5g) required in a pure n-C,,H,s/Air Experiment < 4g &
j "~ Volume of mixing tank = 17471 cc ‘ ]
Fuel (n-C4,H-g) injected in this test =4.1 g 1
O 1 1 | 1 I | 1 | I 1 1 1 1 | 1 1 | 1 I | 1 | |
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Effect of Dilution (1)
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Effect of Dilution (2)

P=22 barg=1.0
L L L L =
3 0. .. .
° ® ®,0 600 ® o 2" .
3 ) .. -.@ ; E
m 0
o g COCYw s L0 0o O
_ ©<><§> _
O
o o ® N,-Diluted Air / Gen-2 (RCM)
L e° = Air/ Gen-2 (RCM) *
o o Air/ Gen-2 (ST)
P
IR R \ A T T T R
8 0.9 1 1.1 1.2 1.3 1.4 1.5

10007 (K1)

UIC

PENNSTATE
@ e

UCONN w




Signal [arb. units]
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Ignition Delay (ms)

Ignition Delay (ms)

Autoignition of Aromatics (2)

Effect of Oxygen Mole Fraction
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Autoignition of Aromatics (2)
Pc=7 bar,@~1.15 (exceph-PB ¢=1.05)
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Reference Flame Speed (cm/s)

Reference Flame Speed (cm/s)
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Laminar Flame Speeds:
Jet-A vs. 1% and 2"d Gener ation Surrogates (1)
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Laminar Flame Speeds:
Jet-A vs. 1% and 2"d Gener ation Surrogates (2)

Comparison of Laminar Flame Speeds
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Premixed Extinction Limits:
Jet-A vs. 18 and 2" Gener ation Surrogates

Comparison of Extinction Limits
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Laminar Flame Speeds of Aromatics.
Experimental Results (1)

1,3,5-TMB/Air Mixtures, T, =400 K
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Laminar Flame Speed (cm/s)

Laminar Flame Speeds of Aromatics.
Experimental Results (2)

(@) Comparison of Laminar Flame Spedgs400 K (b) Comparison of Laminar Flame Spedgs470 K
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All laminar flame speeds increase by ~30% Wjfimcreased from 400 K to 470 K.
Laminar Flame Speed ComparisorPB > Toluene 4,2,4-TMB =~ 1,3,5-TMB.
T4 ranking is in the order of toluene™PB > TMBs, but the difference is insignificant.

Also similar diffusive characteristics the difference in laminar flame speeds is largely
caused by their different oxidation kinetics due to their differdeytl galibstitution.
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Premixed Extinction Limits of Aromatics;
Experimental Results

Comparison of Extinction Limits]; ;=400 K
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 All the extinction stretch rates peak on the fugh side atp~1.4.
« Extinction Stretch Rate ComparisonPB > Toluene 4,2,4-TMB > 1,3,5-TMB.
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Laminar Flame Speeds of Aromatics.

Model Validation

Toluene/Air Mixtures

n-PB/Air Mixtures
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Premixed Extinction Limits of Aromatics;
Model Validation

Toluene/Air MixturesT =400 K n-PB/Oxidizer MixturesT =400 K
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Kinetic Analysis of Aromatic Flames (1)

n-PB/Air Flame
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cCgHC4Hg

Wbn sub n-PB model was constructed by an
25 4% ©/ @ oo  assumed direct analogy to toluene oxidation
e ] kinetics for the reactions at the benzyl-type
position and by analogy to those of propane for
the reactions occurring at the alkyl positions.

benzyl
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Mass Fraction of (GH,+C,H.)

Kinetic Analysis of Aromatic Flames (2)
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Summary and Future Work

A team effort on surrogate mixtures and aromatics.
Surrogate formulation strategy is demonstrated.
Need to understand the differences among variatasdts.

Refinement of alkane and aromatic oxidation kinetic
models for surrogate mixtures is needed.

Expand autoignition and flame data of aromatics aver
wider range of relevant conditions.

Provide validation data for MURI-targeted surragat
components.

Test solvent surrogate formulation approach.
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