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Experimental studies are carried out to characterize nonpremixed combustion of jet fuels and a number of their
surrogates in laminar nonuniform flows. The counterflow configuration is employed. Critical conditions of extinction
and autoignition are measured for jet propellant 8, Jet-A, and Fisher—Tropsch jet propellant 8. Thirteen surrogates
of jet propellant 8 and one surrogate of Fisher—Tropsch jet propellant 8 are tested. It is found that critical conditions
of extinction and autoignition of jet propellant 8 and Jet-A are similar, while Fisher-Tropsch jet propellant 8 is
more reactive than jet propellant 8 and Jet-A. Among the surrogates tested, surrogate H [made up of n-decane (80 %)
and 1, 3, S5-trimethylbenzene (20%) by liquid volume] and surrogate C [made up of n-dodecane (60%),
methylcyclohexane (20%), and o-xylene (20%) by liquid volume] best reproduce extinction and autoignition
characteristics of jet propellant 8. Surrogate G [made up of n-decane (60 %) and iso-octane (40 % ) by liquid volume]
best reproduces the combustion characteristics of Fisher—Tropsch jet propellant 8.

1. Introduction

HARACTERIZING the combustion of commercial fuels is of

practical importance. The focus of the present work is on jet
fuels: Jet-A, jet propellant 8 (JP-8), and Fisher—Tropsch (FT) JP-8.
Jet-A is used in commercial aviation, while JP-8 is used by the U.S.
Air Force. The U.S. Army is developing technologies for converting
diesel-powered equipment so that they can be powered by JP-8. Jet
fuels are a mixture of numerous aliphatic and aromatic compounds.
The major components of this fuel are straight-chain paraffins,
branched-chain paraffins, cycloparaffins, aromatics, and alkenes [1—
6]. The concentration of paraffins is, on the average, 60% by volume:
that of cycloparaffins is 20%, that of aromatics is 18%, and that of
alkenes is 2%. It has been established that a useful approach to
understanding combustion of jet fuels is to first develop surrogates
that reproduce selected aspects of combustion of these types of fuels.
Surrogates are mixtures of hydrocarbon compounds. The compo-
nents in the surrogate will depend on those aspects of combustion of
jet fuels that the surrogate is expected to reproduce. The present work
is devoted to characterizing aspects of combustion of jet fuels and
their surrogates in nonuniform, laminar flows at atmospheric
pressure.

Reports from several workshops have outlined the procedures to
be employed to develop surrogates for JP-8, diesel, and gasoline [1].
It has been suggested that the components in the surrogate will
depend on the application or targets. The working group for jet fuel
surrogates has recommended a list of components that could be used
to develop surrogates. The list includes straight-chain alkanes
(n-decane, n-dodecane, and n-tetradecane), branched-chain alkanes
(iso-octane and isocetane), cycloalkanes (ethyl/propyl/butylcyclo-
hexanes and decalin), single-ring aromatics (ethyl/propyl/butylben-
zenes), and multiring aromatics (1-methylnaphthalene). In addition
to these compounds, methylcyclohexane, toluene, o-xylene, and
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trimethylbenzene are included in the list of components to be tested
here, because some of these compounds have been employed
successfully in a previous study on surrogates for JP-8 [7].

Starting from the pioneering work of Schulz [8], who proposed a
12-component surrogate mixture for JP-8, several investigators have
proposed surrogates for jet fuels [2—7,9-18]. Dean et al. [12] studied
autoignition of Jet-A and mixtures of benzene, hexane, and decane in
air using a heated shock tube at mean shock pressures of 8.5 &= 1 atm
within a temperature range of 1000-1700 K. Ignition delay times in
20% hexane/80% n-decane, 20% benzene/80% n-decane, and
18.2% benzene/9.1% hexane/72.7% n-decane mixtures at a tem-
perature range between 1450-1750 K correlate well with ignition
delay times for Jet-A. Thus, these mixtures can be considered as
possible surrogates for aviation kerosene [12]. Agosta et al. [2] have
suggested possible components of a surrogate that reproduces
reaction behavior of jet fuels. The components n-dodecane and
isocetane are the reference components for alkanes; methylcyclo-
hexane and decalin represent cyclohexanes, and 1-methylnaph-
thalene represents aromatics [2]. Guéret et al. [13] studied oxidation
of kerosene fuel and oxidation of a mixture of 79% undecane, 10%
propylcyclohexane, and 11% trimethylbenzene in a jet-stirred flow
reactor in the temperature range of 873-1033 K at atmospheric
pressure. The reaction products formed during the oxidation of
kerosene and the ternary mixture were similar [13]. Quasi-global
chemical-kinetic models were developed to reproduce experimental
data. Dagaut et al. [14] modeled kerosene combustion in a jet-stirred
reactor using n-decane. Lindstedt and Maurice [15] calculated the
structure of premixed n-decane flames and compared their results
with experimental data. Experimental data show that there exists
similarities between the structure of n-decane flames and kerosene
flames. Lindstedt and Maurice [15] modeled the structure of
kerosene flames using a surrogate blend comprising 89 mol%
n-decane and 11 mol% aromatic fuel. The aromatic component was
represented by 1) benzene, 2) toluene, 3) ethylbenzene, and
4) ethylbenzene/naphthalene [15]. The calculated structure was
compared with experimental data. Patterson et al. [16] assumed a
mixture of 89% n-decane and 11% toluene as a surrogate for
kerosene. They computed the structure of counterflow diffusion
flames using this surrogate. Edwards and Maurice [3] reported that a
mixture of iso-octane, methyl cyclohexane, m-xylene, cyclo-octane,
decane, butylbenzene, 1,2,4,5-tetramethylbenzene, tetraline, dodec-
ane, 1-methylnaphthalene, tetradecane, and hexadecane is a possible
surrogate for JP-8. Montgomery et al [17] presumed that a mixture of
34.7% n-dodecane, 32.6% n-decane, 16.0% butylbenzene, and
16.7% methylcyclohexane is a surrogate for JP-8. They developed a
reduced chemical-kinetic mechanism for the surrogate using the
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computer-assisted reduction method [17,18]. The reduced mech-
anism was tested by comparing profiles of temperature and
concentration of various species obtained using this mechanism with
those calculated using a detailed mechanism. Violi et al. [5] modeled
kerosene fuel by a surrogate blend composed of 73.5 mol%
n-dodecane, 5.5 mol% i-octane, 10 mol% methylcyclohexane, and
11 mol% of aromatic fuel components. The aromatic component was
represented computationally by 9 mol% benzene and 91 mol%
toluene [5]. Edwards [4] has shown results of compositional analysis
of kerosene fuels. The analysis suggests that a surrogate model for
JP-8 should be made up of 18% aromatics: the aromatics should be a
Cy, alkylbenzene, and the nonaromatic component should be an
isoparaffin and/or naphthene. The choice of the fuels to be tested here
is motivated by these previous studies.

Previous experimental studies on liquid hydrocarbon fuels were
focused on measuring ignition delay times in shock tubes [12,19-21]
and rapid compression machines [22-25]. Studies on liquid fuels in
jet-stirred flow reactors [13,26,27] and premixed flames stabilized on
flat flame burners are available [28]. These experimental studies were
conducted on premixed systems in the absence of fluid flow. Studies
on counterflow nonpremixed flames [9,29-32] and premixed flames
[33] are also available. Honnet et al. [9] carried out experimental and
numerical studies to develop a surrogate that can reproduce selected
aspects of combustion of kerosene. A mixture of n-decane 82% and
1, 2, 4-trimethylbenzene 18% by volume (n-decane 80% and 1, 2,
4-trimethylbenzene 20% by weight) called the Aachen surrogate was
tested. Critical conditions of extinction, autoignition, and volume
fraction of soot measured in laminar nonpremixed flows burning the
Aachen surrogate were found to be similar to those in flames burning
kerosene [9].

Here, an experimental investigation is carried out with the aim of
developing an appropriate surrogate for jet fuels and FT JP-8. The
counterflow configuration is employed. Critical conditions of
extinction and autoignition are measured for various jet fuels in
nonpremixed systems. Similar measurements are made for potential
surrogates of these fuels. The results of the present work are
particularly useful for developing technologies for converting diesel-
powered equipment so that they can be powered by JP-8. For this
reason, the studies are performed on nonpremixed systems. The
conversion is a complicated process. Many issues with fuel prop-
erties and performance have to be considered. They include
autoignition, combustion, fuel injection, lubricity, and spray char-
acteristics. Autoignition is considered here because it plays akey role
in performance of compression—ignition engines.

II. Experimental Apparatus and Procedures

Figure 1 is a schematic illustration of the experimental setup. It
shows the counterflow flowfield; the air, nitrogen, and fuel feed
systems; and the vaporizer. The liquid fuels tested here are vaporized

— air supply

syringe pump
fuel supply

i i
istagnation

plane

-

thermocouple

) N,
vaporized
et
heated line

vaporized fuel — N,
thermocouple  heated line

heating plate

Fig. 1 Schematic illustration of experimental setup. Figure shows
counterflow flowfield; air, nitrogen, and fuel feed systems; and vaporizer.

by injecting them into a heated chamber by an air blast nozzle. The
temperature is kept about 20 K above the boiling range to assure that
all its components are vaporized. Two thermocouples are used to
monitor the temperature inside the vaporizer. One is placed close to
the nozzle, and the other is placed at the exit of the vaporizer chamber.
Flow rates of gases are adjusted by computer-regulated mass flow
controllers. Flow lines going from the vaporizer to the counterflow
burner are heated to prevent condensation inside the lines. A detailed
description of the burner is given elsewhere [29,30]. The boiling
points for all the fuels tested here are less than 600 K. At these
temperatures, very little breakdown of the fuel takes place. Gas-
chromatograph/mass-spectrometer (GC/MS) analysis of the vapors
of JP-8 was carried out before the fuel was introduced into the
vaporizer and after it was injected from the exit of the fuel duct.
Comparison of the results shows that there is very little breakdown of
the fuel in the vaporizer. Details of the analysis are given in the
Appendix.

In the burner, a fuel stream made up of prevaporized fuel and
nitrogen is injected from the fuel duct, and an oxidizer stream of air is
injected from the oxidizer duct. These jets flow into the mixing layer
between the two ducts. The exit of the fuel duct is called the fuel
boundary, and the exit of the oxidizer duct is called the oxidizer
boundary. The mass fraction of the fuel, the temperature, and the
component of the flow velocity normal to the stagnation plane at
the fuel boundary are represented by Y, T, and V|, respectively.
The mass fraction of the oxygen, the temperature, and the component
of the flow velocity normal to the stagnation plane at the oxidizer
boundary are represented by Y, 5, T, and V,, respectively. The
distance between the fuel boundary and the oxidizer boundary is
represented by L. The velocities of the reactants at the boundaries of
the counterflow burner are presumed to be equal to the ratio of their
volumetric flow rates to the cross-sectional area of the duels. The
temperature of the fuel stream and the temperature of the oxidizer
stream at the boundaries are measured using a bare Pt-Pt13%Rh
(type R) thermocouple. The wire diameter is 0.076 mm and the bead
diameter is 0.21 mm. The leads of the thermocouple are aligned
along the isotherms in the radial direction to minimize conductive
heat losses. Close to the exits of the ducts, the axial gradients of
temperature are also expected to be small. The measurement is
corrected for radiation by employing the formulation Nu(T, — T,)A/
d = €T}. Here, T, is the gas temperature, 7, is the temperature
recorded by the thermocouple, d is the diameter of the bead, A is the
thermal conductivity of the gas, the Nusselt number is Nu = 2, and
the emissivity is € =0.128. The leads of the thermocouple are
aligned along the isotherms in the radial direction to minimize
conductive heat losses.

The value of the strain rate, defined as the normal gradient of the
normal component of the flow velocity, changes from the fuel
boundary to the oxidizer boundary [34]. The characteristic strain rate
on the oxidizer side of the stagnation plane a;, is presumed to be given
by [34]

21V, (1 |v1|m)
= + 1
“@="7 TANG M

Here, p; and p, represent the density of the mixture at the fuel
boundary and at the oxidizer boundary, respectively. The momentum
of the counterflowing streams are approximately maintained at the
same value to ensure that the stagnation plane is at midplane between
the two ducts. Equation (1) is obtained from an asymptotic theory
where the Reynolds numbers of the laminar flow at the boundaries
are presumed to be large [34]. Critical conditions of extinction are
presumed to be given by the strain rate a, , and the mass fraction of
fuel at the fuel boundary. Critical conditions of autoignition are
presumed to be given by the strain rate a,;, the temperature of the
oxidizer stream 7,;, and the mass fraction of fuel at the fuel
boundary.

The fuels tested include 1) jet fuels, 2) surrogates of JP-8, and 3) a
surrogate of FT JP-8. The molar ratio of hydrogen to carbon in these
fuels in represented by H/C. Different batches of jet fuels tested here
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Table 1 Components of Jet-A, JP-8, and FT JP-82

Summarized D 2425, vol%

3602 Jet-A 3638 Jet-A 4177 JP-8 3773 JP-8 4658 Jet-A blend 4734 FT JP-8

Paraffins 49.4 64.5
Cycloparaffins 15.8 13.2
Dicycloparaffins 10.8 7.1
Tricycloparaffins 0.9 0.6
Alkylbenzenes 14 10.8
Indan and tetralins 79 2.1
Indenes C,H,,,_ <0.2 <0.2
Naphthalene <0.2 0.4
Naphthalenes 1.2 1.3
Acenaphthenes <0.2 <0.2
Acenaphthylenes <0.2 <0.2
Tricyclic aromatics <0.2 <0.2
Total 100 100

18

100

61.6 48 >99
15.5 26 <1
5.7 6 <1
0.5 <1 <1
12 13 <0.5
3.1 4.6 <0.5
<0.2 <0.5 <0.5
<0.2 <0.5 <0.5
1.5 1.4 <0.5
<0.2 <0.5 <0.5
<0.2 <0.5 <0.5
<0.2 <0.5 <0.5
100 100 100

“T. James Edwards, private communication, 2010.

are identified by a number following POSF, which is an in-house
notation used by the U.S. Air Force Research Laboratory for
identifying various fuels.

1) The types of jet fuels tested are described next:

a) The different batches of jet propellant 8 tested are JP-8
(obtained from Naval Air Warfare Center, China Lake,
California), JP-8 POSF 4177 [obtained from Wright-Patterson
Air Force Base (WPAFB)], and JP-8 POSF 3773 (obtained from
WPAFB). The average chemical formula is C;,Hy3,
H/C = 1.91. Components are shown in Table 1.

b) The different batches of commercial aviation fuels tested are
Jet-A (obtained from San Diego Airport), Jet-A POSF 3602
(obtained from WPAFB), Jet-A POSF 3638 (obtained from
WPAFB), and blend POSF 4658 (obtained from WPAFB). The
average chemical formula is C;,Hy3 3, H/C = 1.91. Components
are shown in Table 1.

c) A FT JP-8 was also tested (obtained from WPAFB).
Components are shown in Table 1.

2) Surrogates of JP-8 are fuel mixtures (liquid volume). The
surrogates tested are a) surrogate A: 60% n-decane, 20%
methylcyclohexane, 20% toluene (H/C = 1.93); b) surrogate B:
60% n-decane, 20% methylcyclohexane, 20% o-xylene
(H/C =1.93); c) surrogate C: 60% n-dodecane, 20% methyl-
cyclohexane, 20% o-xylene (H/C = 1.92); d) surrogate D: n-decane
50%, butylcyclohexane 25%, butylbenzene 25% (H/C = 1.92);
e) surrogate E: n-decane 34%, butylcyclohexane 33%, butylbenzene
33% (H/C = 1.84); f) surrogate F: n-decane 60%, butylcyclohexane
20%, butylbenzene 20% (H/C = 1.97); g) surrogate H: n-decane
80%, 1,3,5-trimethylbenzene 20% (H/C = 1.99); h) surrogate J:
n-dodecane 80%, 1,3,5-trimethylbenzene 20% (H/C = 1.97);
i) surrogate NI: n-decane 80%, propylbenzene 20%;
j) surrogate N2: n-decane 70%, propylbenzene 30%; k) Drexel
surrogate 1: n-dodecane 26%, isocetane 36%, methylcyclohexane
14%, decaline 6%, and 1-methylnaphthalene 18% (H/C = 1.82);
12) Drexel surrogate 2: n-dodecane 43%, isocetane 27%,
methylcyclohexane 15%, and 1-methylnaphthalene 15% (H/C=
1.87); and 13) Utah surrogate: n-dodecane 30%, n-tetradecane 20%,
iso-octane 10%, methylcyclohexane 20%, o-xylene 15%, and
tetraline 5% (H/C = 1.93).

3) A possible surrogate of FT JP-8 tested is a) surrogate G:
n-decane 60%, iso-octane 40% (H/C = 2.22).

Surrogate A, surrogate B, and surrogate C have been tested
previously [7]. They are included here for comparison with other
surrogates. Surrogate D has been suggested as a possible surrogate of
diesel. It is tested here to check if it could also be used as a surrogate
for jet fuels. Surrogate E and surrogate F have the same components
as surrogate D, with different concentrations. The components in
surrogate H are the same as those suggested previously for surrogates
of kerosene [35]. In surrogate J, the n-decane in surrogate H is
replaced by n-dodecane. In surrogate NI and surrogate N2, 1,3,5-
trimethylbenzene in surrogate H is replaced by propylbenzene. The

Drexel surrogate 1 was tested in [2]. The Drexel surrogate 2 is a
modification of Drexel surrogate 1. The Utah surrogate is the same as
that tested in [5], with m-xylene in [5] replaced by o-xylene.

Critical conditions of extinction and autoignition are measured.
They depend on six parameters. They are the pressure p and the
quantities a,, Yr 1, Ty, Yo, », and T,. The experiments are carried out
at atmospheric pressure. The oxidizer stream is air with Y, ,=
0.233. The temperature of the fuel stream is 7; = 473(%10) K. This
fixes three of the six parameters. The extinction experiments are
carried out with 7, = 298 K. At some selected value of Y, the
flame is stabilized at a, < a,,. The strain rate is increased by
increasing V; and V, until extinction is observed. The strain rate at
extinction a, , is recorded as a function of mass fraction of Y ;. The
accuracy of the strain rate is ££10% of the recorded value, and that of
the fuel mass fraction is £3% of the recorded value. The
experimental repeatability on the reported strain rate is £5% of
the recorded value, and that of the fuel mass fraction is 4=1% of the
recorded value. The experimental results are shown later.

Two sets of experiments are carried out to establish the critical
conditions of autoignition. In one set, Y| = 0.4. Atchosen values of
strain rate, the flowfield is established. The temperature of air is
increased until autoignition takes place. The onset of autoignition is
observed using a high-speed camera to make sure that ignition takes
place close to the axis of symmetry. The temperature of the air stream
T, isrecorded as a function of the strain rate a, ;. The accuracy of the
measurement of the temperature of air at autoignition is expected to
be £30 K, the strain rate is expected to be £10%, and the fuel mass
fraction is expected to be £3% of the recorded value. The
experimental repeatability in the measurement of the temperature of
air at autoignition is expected to be £6 K, that of strain rate is
expected to be £5% of the recorded value, and that of the fuel mass
fraction is expected to be £1% of the recorded value. The second set
of experiments is carried out with a, =550 s~'. Here, the
temperature of the oxidizer stream T, ; is recorded as a function of
Y. The results are shown later.

III. Results

A. Extinction of Flames

The mass fraction of the fuel in the fuel stream as a function of the
strain rate at extinction is shown in Figs. 2—4 for jet fuels and
surrogates. In these figures, the symbols represent experimental data
and the lines are best fits to the experimental data. Figure 2 shows that
the extinction characteristics of different batches of JP-8 and
different batches of Jet-A are similar. FT JP-8 is harder to extinguish
in comparison with JP-8 and Jet-A. Figure 3 compares experimental
extinction data for potential surrogates of JP-8 with those for JP-8.
The extinction characteristics of the surrogates are placed in three
groups: group 1 best, group 2 good, and group 3 significant
differences. The surrogates placed in these groups are 1) group 1:
Drexel surrogate 2, Utah surrogate, surrogate H, and surrogate J;
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Fig. 2 Mass fraction of fuel as function of strain rate at extinction.
Symbols represent experimental data, and lines are best fits to
experimental data. The figure compares extinction characteristics of
various batches of JP-8, Jet-A, and FT JP-8.
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Fig. 3 Mass fraction of fuel as function of strain rate at extinction.

Symbols represent experimental data, and lines are best fits to

experimental data. The figure compares extinction characteristics of

various surrogates of JP-8.

2) group 2: surrogate C, and surrogate E; and 3) group 3: surrogate D,
surrogate F, surrogate B, and surrogate A.

Figure 4 shows that the extinction characteristics of surrogate G
agree well with those for FT JP-8.
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Fig. 4 Mass fraction of fuel as function of strain rate at extinction.
Symbols represent experimental data, and lines are best fits to
experimental data. The figure compares extinction characteristics of a
surrogate and FT JP-8.
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Fig. 5 High-speed photograph of onset of autoignition. The fuel is
JP-8 with a, =427s7', Yp; =0.4, T, =483 K, Y,,,=0.23, and
T, = 1225 K.
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Fig. 6 Temperature of oxidizer stream at autoignition as function of
strain rate at fixed values of Y ; = 0.4. Symbols are experimental data.
Lines are best fit. The figure compares autoignition characteristics of JP-
8, Jet-A, and FT JP-8.

B. Autoignition of Flames

Figure 5 shows photographs of the transient autoignition process
recorded by a high-speed camera at 500 frames per second. The fuel
isJP-8 witha, =427 s71, Y, =04, T, =473 K, Y,,,2 = 0.233,
and T, = 1225 K. The image on the left shows a faint illumination
around the axis of symmetry. This is onset of autoignition. The image
on the right shows a steady flame. This photograph shows that
autoignition takes place around the axis of symmetry.

Figures 6—13 show critical conditions of autoignition. Figures 6, 7,
9, and 11 show the temperature of the oxidizer stream at autoignition
as a function of the strain rate for fixed values of Y., =0.4.
Figures 8, 10, 12, and 13, show the temperature of the oxidizer stream
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Fig. 7 Temperature of oxidizer stream at autoignition as function of
strain rate at fixed values of Yy ; = 0.4. Symbols are experimental data.
Lines are best fit. The figure compares autoignition characteristics of
various batches of JP-8.
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Figure 6 compares the critical conditions of autoignition of
JP-8, Jet-A, and FT JP-8. It shows that the autoignition charac-
teristics of JP-8 and Jet-A are similar, while FT JP-8 is easier to ignite.
Figures 7 and 8 show that the autoignition characteristics of different
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batches of JP-8 are the same. Similar results for Jet-A are shown by
Figs. 9 and 10.

Figures 11-13 compare experimental autoignition data for
potential surrogates of JP-8 with those for JP-8. The autoignition
characteristics of the surrogates are placed in three groups: group 1
best, group 2 good, and group 3 significant differences. The
surrogates placed in these groups are 1) group 1: surrogate H, and
surrogate C; 2) group 2: Drexel surrogate 2, surrogate J, and Utah
surrogate; and 3) group 3: surrogate D, surrogate NI, and
surrogate N2.

Figures 14 and 15 show that the autoignition characteristics of
surrogate G agree well with those for FT JP-8.

IV. Conclusions

The surrogates of JP-8 are ranked employing the following criteria
listed in the order of importance: 1) how well they reproduce critical
conditions of autoignition, 2) how close the hydrogen-to-carbon ratio
is to that of JP-8, 3) simplicity (availability of chemical-kinetic
mechanisms), and 4) how well they reproduce critical conditions of
extinction. Using this criteria, the surrogates are listed in the
following order: 1) surrogate H; 2) surrogate C; 3) Drexel surrogate 2
and surrogate J.

Surrogate H has a H/C ratio of 1.99. Its autoignition characteristics
agree best with JP-8 when compared with all surrogates tested here.
Its extinction characteristics agree well with JP-8. Surrogate H has

only two components. The chemical-kinetic mechanism for n-
decane is well known [36]. There is a need to compare the low- and
intermediate-temperature chemistries of this surrogate with those for
JP-8.

Surrogate C has a H/C ratio of 1.92. This is very close to that of JP-
8. The components in the surrogate match the classes of fuel in JP-8.
Its autoignition characteristics agree very well with JP-8. Its
extinction characteristics agree with JP-8, although some differences
are observed. It has only three components. Chemical-kinetic mech-
anisms for the components of this surrogate are available [7]. In a
previous study, critical conditions of extinction and autoignition have
been predicted for this surrogate using a detailed chemical-kinetic
mechanism, and the results were found to agree with experimental
data [7]. There is a need to compare the low- and intermediate-
temperature chemistries of this surrogate with those for JP-8.

The Drexel surrogate 2 has a H/C ratio of 1.87. Its autoignition
characteristics agree well with JP-8. Its extinction characteristics
agree best with JP-8 in comparison with all surrogates tested. The
chemical-kinetic mechanisms for the components in this surrogate
are in the early stages of development. The low- and intermediate-
temperature chemistries of this surrogate agree well with those for
JP-8.

Surrogate J has a H/C ratio of 1.97. Its autoignition and extinction
characteristics agree well with JP-8. It has only two components.
Many investigators are developing chemical-kinetic mechanisms for
the components. There is a need to compare the low- and
intermediate-temperature chemistries of this surrogate with those for
JP-8.

The composition of surrogate H is similar to the composition of the
Aachen surrogate tested by Honnet et al. [9]. Overall, surrogate H
and surrogate C appear to best reproduce the combustion char-
acteristics of JP-8. Surrogate G reproduces the combustion
characteristics of FT JP-8.

Appendix: Analysis of Jet Fuel

Experiments were carried out to confirm that no decomposition of
Jet-A and JP-8 takes place in the vaporizer and/or in the fuel lines of
the counterflow burner, where its vapors are carried in hot nitrogen
toward the burner. Figure Al shows a schematic illustration of the
configuration employed in the experiments. A heated line was
attached to the exit of the fuel duct. This line carried the mixtures of
fuel vapors and nitrogen to a condenser and an aerosol filter. The
condensed fuel vapors from the condenser and the aerosol filter were
analyzed in a GC/MS system. The vapors that remained in the
nitrogen stream after the aerosol filter were analyzed in a gas
chromatograph (GC).

The temperatures in the flow lines between the vaporizer and the
fuel duct were measured using thermocouples at various locations.
The conditions for this experiment were as follows. Jet-A POSF 3638
was tested. The temperature of the vaporizer was 513 K. Different
temperatures were recorded on the flow lines between the vaporizer
and the fuel duct with a local maximum of 563 K. The temperature at
the exit of the fuel duct was 7'} = 493 K. In the fuel stream, the mass
fraction of fuel was Y ; = 0.228 and the velocity V; = 0.375 m/s
with an approximately equal curtain coflow velocity. This corre-
sponds to a strain rate of a, = 128 s~! when the momenta of the
counterflowing streams are balanced. Portions of Jet-A were
collected in the condenser and the aerosol filter, and a liquid sample
was created by mixing the two portions together in approximately the
same ratio as they were collected in the two units. A reference sample
was taken from the original Jet-A. The two samples were analyzed in
the GC/MS system. Figure A2 shows the comparison of the two
samples. Here, the total mass count of the mass-selective detector is
plotted versus the time it takes for a component to travel through the
GC column and reach the detector. It can be seen from these results
that the chromatograms are nearly identical and that there is no major
shift from any major fuel groups to others. Most peaks are preserved
and have about equal height between the two samples, i.e., within the
accuracy of the instrument.
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Fig. A2 GC/MS output of components of Jet-A.

A second test was performed to find if there were any smaller
hydrocarbon species formed by thermal breakdown of the fuel in the
vaporizer. These species would not be detected in the GC/MS
system, which is limited to species with a molecular weight of
approximately above 100 kg/kmol. Some of these species will not
condense in the condenser and aerosol filter, but they could leave the
system as vapors. A GC was used to monitor these gases/vapors, as
shown in Fig. Al. A GC-column combination of a molecular sieve
and a Porapaq Q column was used to separate the species, and a
flame-ionization detector (FID) was used to detect them. A sampling
line was connected from the end of the flow arrangement to the
sample loop in the GC. To measure components already present and
dissolved in the original Jet-A, a liquid sample (0.002 ml) was
injected with a syringe into the instrument’s injection port. The chro-
matograms of both analyses are shown in Fig. A3.

There are four peaks easily identified in the chromatogram of the
exit gas (bottom line). When compared with the reference (top line),
it is seen that all four components are present in the original fuel. The
relative amounts are also consistent, since it is expected that more
volatile species (peaks toward the left) are enriched in the exit gas
compared with less volatile species (peaks toward the right), since the
vaporization and condensation in effect represent a distillation step.

In summary, no new species (that could be products of fuel
breakdown) were detected in the analysis of the vapors leaving the
experiment. These experiments clearly prove that the jet fuels do not
decompose in the fuel lines.

6000 -
5000
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E 4000 - .
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3000 -
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1000 e NN
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Time [min]
Fig. A3 GC output of components of Jet-A. Top curve represents the

original fuel. Bottom curve represents analysis of gaseous products
collected after the aerosol filter shown in Fig. Al.
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Further tests were carried out to test the differences in composition
of different batches of Jet-A and differences between JP-8 and Jet-A.
In general, the major peaks were similar.
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