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Alt. fuel evaluation and qualification route:

ASTM D4054 Evaluation Process
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NJFCP Accomplishments

Evaluation of ~12 fuels across dozens of
experimental devices

Analysis suggests bounding of ~8 properties
can account for ~90% of all observed
variance

— Remaining variance is attributed to coupling of mass transfer and
autoignition propensity
— One unexplained observation remains.

Referee Rig operability limits at relevant
conditions match all known OEM hardware
trends

CFD matches operability trends for several fuels
and conditions

Process for custom chemical kinetics developed
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NJFCP Outcomes and Learnings
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Prescreening example

Tier a and [ prescreening dash-board
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VYUYV identification with GCxGC separation

* ~2/3 of samples arrive in with <3 mL

- _ ' Uncertainty considered: —— Tier Alpha
Critical properties are predicted | Isomeric —— Tier Alpha + VUV
o o . . 9,
* SAFs can have ‘strange’ and very specific isomeric _ 2. Root property values ggo//" E:
structures VUV 68% Cl
Isomeric uncertainty quantification is critical [ VUV 95% Cl
e.g., farnesane > ] Measurment
1.01 —— Measured (ASTM D7566 A3) g
—— cis-Decalin N e O
9 0.8+ —— trans-Decalin \ ‘ ‘ g
g 0.61
4 &
5 | Uncertainty not currently included:
2 0.2 Q |. ‘Blend-rule’ eq. 2. Device
1 1 I I I I I 1 I
“ o, e 40 30 20 -10 O 10 20 30
QE) 120 140 lGOwave::.::gth' HZHE:O 220 240 Temperature, ° C
i 0 * 3-5k molecules and their associate properties
| 0 '0 are leveraged for predictions
| I | m a o I * Blind Tier a predictions are compared with the
l VUV identification

. . jheyne | @udayton.edu 6
Time, min



Sensitivity analysis by property and

specific analyte (or group)

2,2,4,4,6,8,8-heptamethylnonane -
farnesane A

 Some distillation cuts or Tridecane -
2,2,4,6,6-pentamethylheptane -

PrOceSS can have Several 1,4-diisopropylcyclohexane A
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Conclusions

* ~8 different labs and companies
have sent samples

* Some labs have changed/iterated
methods significantly

* Technology development is useful
at 1-3 mL

Expansion to additional
simultaneous diagnostics would
clarify and

Physical property measurements at
very low volumes

* Three learnings a year+ in:

Distillation maters!

* 160-240°C works well but could be dilated
depending on feedstock-process

* Depending on the hydrocarbon types, lighter
or heavier cuts could be more compatible.

Trace materials are important (N and O)

Single component fuels will undergo
more scrutiny.

* SAFs per expectation can be very
strange
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Thank you!

(937) 229-5319

ACKNOWLEDGEMENTS:
FAA AEE/ASCENT, DOE BETO,AFRL/RQTF&RQTC,AND
NASA

jheyne | @udayton.edu


mailto:jheyne1@udayton.edu

NJFCP Fuels

A-1
Category A: | YAq
. D ity kg/m*
conventional fuels ensity kg/m-- % Kk A Y a2

775 827 840

o A'1: cBest! case Flashpoint° C - —’— W/\/ﬁ * A-3
« A-2: ‘Average’ case Freezing Point C - H\J—M&r—w—}—i\( i :

° -l ) -70.6 345
A-3: Worse’ case Viscosity at -20°C (mm?/s) - *— %\( <l l* * c-3
8 8.3 ,:A7 c-4

cowes e okl

Category C: fuels that Aromatics wi¥ izi;g : X % cs
characterize alternative Hydrogen Content W% —‘kﬁ‘**‘*—*ﬁ? e

fuels with extreme 13.4 156
_ _ = 7 8

properties oo - YESSA— 0 Mk In
30 40 60 c-9

Outside Spec. Limits or Conv. Fuel Experience

Edwards, T., “Refer J ¢ Fuels for Combustion Testing, 55hAIAAAerospace Limited Conv. Fuel Experience

Sciences Meeting, G apevine: Amer Instltute of Aeron and Asti
(AIAA 2017-0146)
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