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Topic Motivation and Objectives

ÅMotivation

V Understand the fuel effects on spray at CI conditions as an additional dimension for model 

development and validation

ÅObjective 

V Summarize and understand the available experimental and computational fuel effect studies

V Relevant studies on spray fuel effect

V Define a ñFuelò of interest for the ECN community

ÅAssumption:

V Variations of combustion chambers, boundary conditions, optical diagnostic techniques, 

definitions were not considered
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Experimental Investigation of Spray Fuel Effects
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Nozzle

Spray A

Single-hole, 90 µm,

K 1.5 / 0.86

Ambient temperature 700ï1200 K 

Ambient density 15.2, 22.8, 45.6 kg/m3

Ambient oxygen 0%, 15%, 18%, 21%

Injection pressure 50, 100, 150 MPa

Institutions CMT, SNL, IFPEN

Fuels
Density 

[kg/m3]
CN

D2 (No. 2 diesel) 843 46

JC (JP-8) 812 38

JW (World Average 

Jet A Blend)
806 46

JS (Fischer-Tropsch

Fuel)
755.9 62

JP (Coal-Derived

Fuel)
870.2 34

SR (Surrogate Fuel) 778.9 70

SME (soy ethyl ester) 877 51

nC12 750 80

PRF0 - -

PRF20 - -

PRF40 - -

PRF60 - -

PRF80 - -

PRF100 - -

B5 (5% esters) 833 53.1

JetA1 812 45.6

JetA1-surr.v1 - -

JetA1-surr.v2 - -

E5 (5% ethanol) 746 17

n-dodecane 745 73

G15 800 108

G33 835 110

G50 869 112

G50A 859 88

MD (Methyl 

decanoate)
871 48

15% O2-900 K-22.8 kg/m3 -150 MPa 

Overview of Spray Fuel Effect Characterization

0% O2-900 K-22.8 kg/m3 -150 MPa 
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Fuel type Fuels Fuel details
Density 

[kg/m3]
CN/DCN

LHV 

[MJ/kg]

C/H mass 

ratio

Aromatics 

volume %

Boiling temp. 

[oC]

Kinematic 

viscosity (40oC)

PRF fuel

PRF0 100% n-heptane, 0% iso-octane 684 55 44.6 5.25 0 98 0.51

PRF20 80% n-heptane, 20% iso-octane 685 46 44.5 5.27 0 99 0.54

PRF40 60% n-heptane, 40% iso-octane 686 38 44.5 5.29 0 99 0.57

PRF60 40% n-heptane, 60% iso-octane 688 29 44.5 5.30 0 99 0.59

PRF80 20% n-heptane, 80% iso-octane 689 21 44.5 5.32 0 99 0.62

PRF100 0% n-heptane, 100% iso-octane 690 13 44.4 5.33 0 99 0.65

Gasoline fuel E5 European standard gasoline containing 5% of ethanol 746 17 42.8 - - 27-225 -

Jetfuel

JC (JP-8)

a low cetane number fuel that can also be used to
assess the use of aviation fuel using diesel engine hardware at

diesel engine condition
812 38 43.2 6.19 11 266 ~1.4

JW

an equal blend of five Jet-A fuel samples
from different U.S. manufacturers, and with the same cetane

number as D2
806 46 43.2 6.19 19 274 -

JS

a Fischer-Tropschfuel characterized
as fuel with minimal aromatics (0.4%) and high cetane

number
756 62 44.1 5.49 0.4 276 -

JP

a coal-derived fuel, a low cetane number
fuel with low 1.9% aromatics but high (>90%) cycloparaffinic

content
870 34 42.8 6.58 1.9 270 -

JetA1 European standard Jet fuel 812 46 43.5 - - 187-300 -

JetA1-surr.v1 51.3% n-decane, 19.8%iso-octane, 28.9% n-propylbenz. 760 48 43.4 6.10 - 99-174 0.89

JetA1-surr.v2 47.5% n-decane, 17.6%iso-octane, 35.0% n-propylbenz. 770 46 43.3 6.27 - 99-174 0.89

Diesel fuel

D2 (No. 2 diesel) an emissions-certification fuel with a cetane number of 46 and 27% aromatics 843 46 42.9 6.53 27 350 2.35

SR
a surrogate fuel, a mixture

of 23% m-xylene (aromatics) and 77% n-dodecane
779 70 43.3 5.96 23 216 -

SME soy ethyl ester 877 51 37.4 6.48 0 - 3.98

nC12 (SNL) normal dodecane 752 87 44.2 5.54 0 216 1.5

B5
European standard Diesel fuel with

5% esters composition
833 53 42.5 - - 187-343 -

n-dodecane (IFP) normal dodecane 745 73 46.5 5.54 0 216 1.5

G15 Three fuels were blends of tri(propylene glycol) monomethyl
ether (TPGME) and n-hexadecane, identified as G15, G33 and

G50the last two digits indicating the percentage of
TPGME in the blend, by volume

800 108 41.5 5.63 - 287 3.81

G33 835 110 38.5 5.60 - 287 4.21

G50 869 112 35.8 5.57 - 287 4.59

G50A 

Aromatic hydrocarbon, a
50/50 volume percent blend of TPGME and a diesel surrogate

fuel, the latter composed of 77 % n-dodecaneand 23 %
m-xylene by volume.

859 88 35.5 6.25 - 287 3.43

MD (Methyl 

decanoate)

A differentoxygenate chemical structure and was a surrogate for
traditional biodiesel fuel

871 48 37.5 - - 224 -

Higher Density
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Experimental Results - Liquid Length vs. Temp

0% O2 - 22.8 kg/m3 - 150 MPa 

Higher density generally leads to longer liquid 

length:

V PRF < Gasoline < Jet < Diesel

V PRFs show shorter LL, while D2 and B5 

have a longer LL 

PRF: green

Gasoline: blue

Jet: red

Diesel: black
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ÅA strong correlation is observed between:

V LL and fuel density

V LL and boiling temperature

PRF: green

Gasoline: blue

Jet: red

Diesel: black

Experimental Results - Liquid Length Correlation

0% O2 - 22.8 kg/m3 - 150 MPa ς900K 0% O2 - 22.8 kg/m3 - 150 MPa ς900K 
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Å Viscosity seems to correlate with LL well

Å Heat of vaporization correlation is not expected

Å A sensitivity analysis would be useful to differentiate the relevant importance of all 

fuel properties

PRF: green

Gasoline: blue

Jet: red

Diesel: black

0% O2 - 22.8 kg/m3 - 150 MPa ς900K 

Experimental Results - Liquid Length Correlation

0% O2 - 22.8 kg/m3 - 150 MPa ς900K 
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900 K

PRF: green

Gasoline: blue

Jet: red

Diesel: black

Experimental Results ïVapor Penetration Length

0% O2 - 22.8 kg/m3 - 150 MPa ς900K 

Å Higher density generally leads to longer vapor penetration

V SR is an outlier



0-15% O2 - 22.8 kg/m3 - 150 MPa ς900K 
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ÅViscosity effect on liquid length doesnôt reflect on vapor penetration length

Å Faster penetration of PRF0 due to higher CN ïdilatation effect at reacting conditions

V Higher CN leads to longer penetration

0-15% O2 - 22.8 kg/m3 - 150 MPa ς900K 0-15% O2 - 22.8 kg/m3 - 150 MPa ς900K 

Experimental Results ïReacting Spray Penetration Length

Fuel type Fuels Fuel details Density [kg/m3] CN/DCN LHV [MJ/kg]
C/H mass 

ratio

Aromatics 

volume %

Boiling temp. 

[oC]

Kinematic 

viscosity (40oC)

PRF fuel

PRF0 100% n-heptane, 0% iso-octane 684 55 44.6 5.25 0 98 0.51

PRF20 80% n-heptane, 20% iso-octane 685 46 44.5 5.27 0 99 0.54

PRF40 60% n-heptane, 40% iso-octane 686 38 44.5 5.29 0 99 0.57

PRF60 40% n-heptane, 60% iso-octane 688 29 44.5 5.30 0 99 0.59

PRF80 20% n-heptane, 80% iso-octane 689 21 44.5 5.32 0 99 0.62

PRF100 0% n-heptane, 100% iso-octane 690 13 44.4 5.33 0 99 0.65
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Å Higher CN generally results in shorter ID and LOLPRF: green

Gasoline: blue

Jet: red

Diesel: black

Experimental Results ïID/LOL vs. Temp

15% O2 - 22.8 kg/m3 - 150 MPa  


