
1. Guidance posted on the 
CAAFI website

1. Prescreening Guidance Page
http://caafi.org/tools/Prescreening
_Guidance.html

2. Guidance Document
http://caafi.org/tools/docs/CAAFI_
RD_Prescreening_Guidance_Docu
ment_v1.0.pdf

2. CAAFI R&D Team is 
available for consultation
(info@caafi.org)

3. Labs are available for 
testing and evaluation at 
low cost

Prescreening Resources
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The Problem: High Volume, Cost, and High Uncertainty

• Potentially high volume and cost requirements, 
particularly Tier 3 and 4 level.

• Some Tier 3 and 4 Tests focus on Figures of 
Merit (FOM) Operability limits

Item Task Unit 
Cost 
($K)

Qty Total 
Cost 
($K)

Fuel Vol 
(gals)

Tier 1 Fuel Lab Testing $5 N/A $5 5
Tier 2 Fuel FFP Testing $50 N/A $50 100
Phase 1 Re Rpt OEM Review $50 7 $350 N/A

Phase 1 Sub-Total $405 105
Tier 3 Fuel Nozzle Spray Rig $100 2 $200 60

Fuel System Simulator $150 1 $150 5,000
Atomizer Pipe Rig $50 1 $50 50
Combustor Rig (Sector) $250 3 $750 300
Comb Rig (Full Annular) $350 1 $350 1000
APU Combustor Rig $100 1 $100 50
APU Cold/Alt Starting $250 1 $250 50

Tier 4 Engine Oper/Perf Testing $500 3 $1500 1800 – 9,000
Engine Emissions $50 1 $50 100
Engine Endurance Test $750 1 $750 20K – 100K

Phase 2 Re Rpt OEM Review $150 7 $1050 N/A
Phase 2 Sub-Total $5200 28,110 –

115,110
Grand Total $5605 28,215 –

115,715

Mark Rumizen
March 24, 2016
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• All 5 domestic Engine OEMs
• ~40 institutions, 150 members
• ~12 fuels (3 conventional and 9 alternative)

National Jet Fuels Combustion Program (NJFCP): 
Tier 3 and 4 Operability Focused Testing

The T3-P3 curve determines the 
thermodynamic conditions of interest for 
fuel testing.

Gas Turbine Engine Schematic

https://en.wikipedia.org/wiki/Jet_engine#T3, P3

Lean Blowout (LBO)
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NJFCP Major Take-aways
1. Conventional Fuel Specifications are 

Insufficient for Alternative Fuel 
Characterization

2. Referee Rig demonstrates fuel 
sensitivity for all three FOMs
• Referee Rig fuel sensitivity is larger than 

other rigs for which we have test data

3. Approximately 8 properties are able to 
account for all observed variance.
• These results are summarized in part 

with several publications.
• Can be measured with 500 mLs

https://doi.org/10.2514/6.2018-4914

https://doi.org/10.2514/6.2019-1434

https://doi.org/10.2514/1.J058348
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Referee Combustor 
Rig Testing

Tier 2.5

Tier 𝜷

Proposed
ASTM D4054

Prescreening

Critical Properties
& Blend Limits
• DCN
• Density
• Distillation Curve

• Viscosity
• Surface Tension

Tier 

• GCxGC, 
• IR absorption, and/or 
• NMR

Property Predictions
& Blend Estimations

mLs < 1 gal

0? gals

110 gals
(10 Tier 1&2, 
100 Tier 2.5)

Tier 𝓞(gal)

𝛼 ~10-4

𝛽 ~10-1

1 & 2 ~102

2.5 ~102

3 & 4 ~103

Prescreening

Proposed,
Tier 2.5
no 3&4

D4054

(Optimistic goal)
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Tier 𝜶

• GCxGC, 
• IR absorption, and/or 
• NMR

Property Predictions 
& Blend Estimations

10-4

Tier 𝜷 Critical Properties & 
Blend Limits

• DCN
• Density
• Distillation 

Curve

• Viscosity
• Surface 

Tension
10-1

Tier 2.5
Referee Combustor 

Rig Testing

102

103

Figure of Merit 
Determination

Evaluation 
Method

Approximate
Volume, gal
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Conventional Fuel Specifications are Insufficient 
for Alternative Fuel Characterization
• Conventional Fuel Specification (ASTM D1655) 

does not account for all the variance. 
1. No Derived Cetane Number or DCN w.r.t.

distillation curve) requirement
2. No maximum volatility requirements throughout 

distillation range
3. No maximum flash point
4. No maximum surface tension
5. No -40°C viscosity requirement*

• To first order, bounding properties within 
experience range reduces risk.

• Non-linear effects can be important. 
Incorporating models to incorporate FOM 
effects. 

*previous approvals

Property 
Limit

Experience 
Limit

Conventional 
Fuel Range
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Tier , mLs

• GCxGC

• ASTM D2887

Tier , 500 mL

• Tier 

• Viscosity

• Density

• DCN

jheyne1@udayton.edu
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• Flash Point

• Surface Tension

• O-ring Swelling*

*Optional test dependent on fuel 
developer’s objectives 

(Tier 3: APU Cold/Alt Starting)
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This Prescreening isn’t (doesn’t)

• Required
• Affect the formal approval process
• Comprehensive

• Additional properties that alternative fuels are sensitive to are not additionally 
evaluated.
• thermal stability
• contaminates, metals, or olefins

• Not all Tier 1 & 2 properties are included in the evaluation
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This Prescreening does

• Give a producer the cheapest and 
current highest fidelity evaluation of 
potential Tier 3 and 4 effects

• Communicate what molecules 
and/or properties are leading to the 
potentially deleterious behavior

• Give a producer the opportunity to 
modify a fuel, feedstock, or process 
early in development

Item Task Unit 
Cost 
($K)

Qty Total 
Cost 
($K)

Fuel Vol 
(gals)

Tier 1 Fuel Lab Testing $5 N/A $5 5
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Tier 3 Fuel Nozzle Spray Rig $100 2 $200 60

Fuel System Simulator $150 1 $150 5,000
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APU Cold/Alt Starting $250 1 $250 50

Tier 4 Engine Oper/Perf Testing $500 3 $1500 1800 – 9,000
Engine Emissions $50 1 $50 100
Engine Endurance Test $750 1 $750 20K – 100K

Phase 2 Re Rpt OEM Review $150 7 $1050 N/A
Phase 2 Sub-Total $5200 28,110 –

115,110
Grand Total $5605 28,215 –

115,715

Mark Rumizen
March 24, 2016
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Summary
• Give a producer the cheapest and 

current highest fidelity evaluation of 
what could happen in Tier 3 and 4 
testing
• What molecules and/or properties are 

leading to the potentially deleterious 
behavior.

• Tier ~ mLs
• Tier ~ 500 mL
• Other efforts are also working towards 

Prescreening Protocols
• JETSCREEN
• Stanford
• Purdue
• USC

• Guidance posted on the 
CAAFI website
1. Prescreening Guidance Page

http://caafi.org/tools/Prescreening_
Guidance.html

2. Guidance Document
http://caafi.org/tools/docs/CAAFI_R
D_Prescreening_Guidance_Docum
ent_v1.0.pdf

• CAAFI R&D Team is 
available for consultation
(R&D@caafi.org)
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QUESTIONS?

Joshua S. Heyne,  Assistant Professor

School of Engineering
Kettering Labs, Rm 345D

937-229-5319
jheyne1@udayton.edu

jheyne1@udayton.edu
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Ignition: All rigs are consistent qualitatively consistent

jheyne1@udayton.edu

Major Results:
1. All rigs show similar trends
2. Viscosity, surface tension, density, and volatility 

are potentially all important.
• Collectively more than 96% of variance is 

captures with these properties.
• Only one ‘odd’ fuel (C5) and condition (alt. 

relight)are identified to date. It remains 
unexplained.

3. The relative importance of these properties is 
not currently definitive and may not be 
universal. 

Implications:
1. A maximum flash point.
2. A maximum surface tension.

Fuel temperatures 
have the largest 
affect on relative 
importance of fuel 
properties.
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LBO: All rigs are qualitatively consistent
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Normalized LBO Φ =
Φ ௅஻ை೔ ିΦ ௅஻ைಲషమ

Φ ௅஻ைಲషమ
 𝑥 100

Spray/Evaporative 
Dominated LBO Regime

The distillation curve 
(D2887 or D86) is a 
determination of 
droplet evaporation 
timescales.

Tfuel, °F Tair, °F

Referee Rig 5 5

Honeywell 59 124

GE (2.5 dP/P) 175 175

Chemical Dominated 
LBO Regime

ΦΦ
Major Results:
1. All rigs are qualitatively 

consistent.
2. Warm and cold LBO 

regimes.
3. Statistical high level 

models account for 
more than >89% of all 
variance, when neglecting 
preferential vaporization.  

Implications:
1. A minimum DCN
2. A minimum volatility 

requirement



Conventional 
Fuel:

Operability
Properties

Operability properties 
enable increased:
• combustion stability 

with increased 
propensity to hold a 
flame and ignite 

• safer handling

• lower freeze point

jheyne1@udayton.edu 17

Jet A

JP-5

JP-8

Credit: Tim Edwards, AFRL

Performance & 
Operability increases 
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Conventional Fuel: Composition changes affect operability

jheyne1@udayton.edu

• There is significant flexibility in jet fuel composition
• Molecular weight/average molecule carbon number decreases with 

increasing operability
• Some molecules appear off with properties but still make a great 

blend with jet fuel

JP-5, ‘heavier’Jet A, ‘average’JP-8, ‘lighter’



Fuel Candidates and Screening

• Reference Fuels Required to Characterize Rig and Engine Fuel Response
• Category A: Three Conventional (Petroleum) Fuels 

--“Best” case (A-1)      --“Average” (A-2)      --“Worst” case (A-3)
• Category C: Six “Test Fluids” With Unusual Properties

• C-1: low cetane, narrow boiling (downselected)
• C-2: bimodal boiling, aromatic front end
• C-3: high viscosity
• C-4: low cetane, wide boiling
• C-5: narrow boiling, full fuel (downselected)
• C-6 and C-6a: high cycloparaffins
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"low cetane wide boiling"

"high viscosity"

"high cycloparaffins"

A3: low H/C, high 
viscosity, high flash 
(within experience 
base)

Boiling range plot

C-1 and C-5 were selected for detailed study in Year 1.  
C-6 and C-6a not available
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Surface Tension vs. Density at 22 ºC
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Density specification limits: 775 – 840 kg/m3

Decalin

1-Methylnaphthalene

Alkylbenzenes

Monocycloalkanes

n- and iso-
Alkanes
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~100 gals

1,000s gals


