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Thermal cracking and endothermicity of China No. 3 aviation kerosene were studied experimentally under
supercritical conditions relevant to regenerative cooling systems for scramjet applications. A multiple-stage heating
system with reaction products collection was used that can achieve a fuel temperature range of 780-1050 K, a
pressure range of 3—4.5 MPa, and a residence time range of 0.6-3 s. The chemical heat sink was determined through a
control volume analysis of the fuel flow. Compositions of the cracked gaseous and liquid products were analyzed via
gas chromatography. Based on the results of fuel conversion, the temperature range for the active cracking was
observed to be approximately 800-1000 K, beyond which the cracking approaches completion. It was also found that
the variation of the chemical heat sink with temperature can be nonmonotonic and a maximum endothermicity was
seen to occur in the temperature range of 900-960 K, depending on the residence time. For the current operation
conditions, the maximum chemical heat sink reached 0.5 MJ/kg at a fuel conversion of 45 %. Composition analysis
of the gaseous product indicated that the saturated hydrocarbons such as methane became dominant as temperature
was increased. On the other hand, the major compositions of the liquid product were benzene-based and

naphthalene-based hydrocarbons.

1. Introduction

OR hypersonic applications, active cooling using onboard

hydrocarbon fuel is considered to be one of the most effective
ways for thermal protection. Before injection into combustor, the fuel
flows through cooling channels along the engine liner, carrying away
heat from the wall via heat convection and endothermic reactions.
For high Mach number flight, the sensible heat of the fuel is no longer
adequate for the cooling requirement and an extra heat sink is
required, which can be provided by endothermic cracking of the fuel
at high temperatures [1,2].

Thermal cracking of hydrocarbon and its applications have been
studied broadly in petrochemical industry [3], of which the working
pressure is near atmospheric pressure and much lower than the
pressures for hypersonic application. For example, the typical
pressure in the cooling channel of a Mach-6 scramjet is approxi-
mately 4—7 MPa, higher than the critical pressure (~2 MPa) for most
liquid hydrocarbons. Compared with low pressure cracking, high-
pressure situations are expected to lead to lower fuel conversion,
larger percentage of paraffin products, and less endothermicity, while
keeping other operating conditions the same. Hence, it is imperative
to study characteristics of thermal cracking of hydrocarbons and the
associated endothermicity under supercritical pressures.

Lander and Nixon [1] discussed properties and possible cooling
applications of thermal and catalytic cracking of various hydro-

Presented as Paper 2009-5267 at the 45th AIAA/ASME/SAE/ASEE Joint
Propulsion Conference and Exhibit, Denver, CO, 2-5 August 2009; received
30 June 2010; revision received 1 October 2010; accepted for publication 2
October 2010. Copyright © 2010 by the American Institute of Aeronautics
and Astronautics, Inc. All rights reserved. Copies of this paper may be made
for personal or internal use, on condition that the copier pay the $10.00 per-
copy fee to the Copyright Clearance Center, Inc., 222 Rosewood Drive,
Danvers, MA 01923; include the code 0887-8722/11 and $10.00 in
correspondence with the CCC.

*Associate Professor, Key Laboratory of High Temperature Gas
Dynamics, Institute of Mechanics; fzhong@imech.ac.cn (Corresponding
Author).

Professor, Key Laboratory of High Temperature Gas Dynamics, Institute
of Mechanics.

*Professor, Department of Mechanical Engineering. Associate Fellow
ATAA.

450

carbons. They found that the chemical heat sink due to thermal
cracking did not always increase with temperature. For JP-7 fuel, the
maximum endothermicity was approximately 0.72 MJ/kg at a 60%
conversion. Edwards and Anderson [4] studied thermal cracking of
JP-7 fuel through a heated tube system and found that the
endothermicity of JP-7 was on the order of 0.7 MJ/kg, which is
much smaller than the theoretical value (3.5 MJ/kg) if assuming the
cracking products were all alkenes such as ethylene. Based on
the results of gas and mass chromatograph, they [4] argued that the
reduction in the endothermicity was caused by significant formation
of saturated hydrocarbons. Edwards [5] further showed that the flow
reactor residence time is critical for the endothermic property of the
cracking mixture, since long residence time would form products
approaching the equilibrium products such as light saturated hydro-
carbons and the overall reactions become exothermic. As discussed
in [5,6], the effect of residence time could be easily characterized by
plotting olefin/paraffin ratio (an indicator of endothermicity) as a
function of residence time. In general, shorter residence time
corresponds to larger olefin/paraffin ratio, thereby leading to a more
endothermic cracking process. Stewart et al. [7] studied pyrolysis of
n-decane and decalin at temperatures of 700-810 K and subcritical/
supercritical pressures of 0.2-10 MPa. It was found that the main
products of supercritical pyrolysis were different from those from
subcritical pyrolysis, and high pressure can promote the C¢ to Cs ring
contraction. Fan et al. [8] investigated supersonic combustion
properties of thermally cracked China No. 3 aviation kerosene in a
supersonic model combustor. Higher combustion efficiency was
found for the cracked kerosene since the cracking products con-
sisting of small molecules such as ethylene and hydrogen that can
assist fuel/air mixing and combustion. It is worth mentioning that for
most of previous studies, the fuel temperature varied along the
reaction section of the heated tube and at the same time, there existed
a significant temperature difference between the fuel and the wall,
i.e., a somewhat large temperature gradient. Because of the axial and
radial temperature gradients within the tube, an accurate cracking
temperature is hard to define and the cracking process is coupled with
convective heat transfer causing difficulties in interpreting the
experimental results. Therefore, one of the objectives of this paper is
to obtain a relatively uniform fuel temperature distribution along the
reaction section as well as a negligible heat convection effect (i.e.,
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negligible fuel/wall temperature difference) with a unique multiple-
stage heating system.

In this study, thermal cracking of China No. 3 aviation kerosene (a
fuel similar to JP-8) was investigated in heated stainless steel tube at
varying fuel temperatures (780-1050 K), pressures (3—4.5 MPa), and
residence times (0.6-3 s). With directly measured fuel and wall
temperatures along the tube and a 10-species fuel surrogate, a heat
transfer analysis was applied to determine the chemical heat sink and
the associated flow properties. The cracked gas and liquid products
were cooled rapidly through a water-cooling system and then
collected for the speciation measurements using gas chromatog-
raphy. Compositions of the gaseous and liquid products were identi-
fied for the understanding of the cracking and endothermicity
properties. In addition, the fuel conversion and the mass flow rate of
the cracked mixture were measured. Furthermore, the current study
was aimed at investigating the effects of temperature, pressure, and
residence time on the thermal cracking process of aviation kerosene
as well as at determining the endothermicity property under
conditions relevant to the cooling system for scramjet applications.
This work is expected to provide further insight into the cracking
property at supercritical pressures and to provide fundamental data
for the design and optimization of an effective cooling system of a
scramjet.

In the next section, the test facility is described. A heat transfer
analysis based on the energy conservation of a control volume is
then introduced. In the following section, the cracking results in-
cluding fuel conversion, chemical heat sink, mass flow rate, and
species analysis are presented and discussed. Finally, we summarize
the main conclusions that can be drawn from the experimental
results.

II. Experimental Facility

A. Kerosene Multiple-Stage Heating System

Figure 1 shows a sketch of the two-stage heating system. The first
stage was a storage-type heater, which had a volume of approxi-
mately three liters and can preheat the fuel to a maximum temperature
of 550 K within 1 h and with negligible carbon deposition. When the
preheated fuel was ready, a pneumatic valve controlled by a solenoid
valve via computer was opened to turn on the flow. The preheated
fuel then flowed through the second stage heater and was heated
rapidly. The second heater consisted of 21-meter-long stainless steel
tube with an inner diameter of 12 mm and a wall thickness of 2 mm.
The tube was heated by heating tapes with a maximum power of
12 kW and each tape can be controlled independently to achieve a

uniform wall temperature of the heater. With asbestos insulation, the
second stage heater can easily heat the kerosene to a temperature of
higher than 1000 K. Part of the second stage heater served as the test
section for the cracking reactions at a relatively uniform temperature
distribution.

Pressures at the inlet and outlet of the second stage heater were
measured with pressure transducers. A uniqueness of the current
facility is that in the second stage heater, both the wall and fuel
temperatures were simultaneously measured at the same location
along the flowpath. There were 16 Type-K thermocouples spot-
welded on the outer wall surface of the tube for the measurement of
the outer wall temperature and 16 Type-K sheath thermocouples
mounted through the tube wall and positioned at approximately the
tube centerline for the measurement of the bulk fuel temperature. The
fuel thermocouple was installed with a steel tube filled with
zirconium dioxide to prevent heat conduction from the wall to the
thermocouple sheath. Details of the fuel thermocouple assembly and
alignment can be found in [9]. The uncertainty associated with the
wall/fuel temperature measurement was estimated to be less than
£3 K, while that in the pressure measurements was less than 0.5%.

B. Fuel Control and Collection System

Schematic diagram of the fuel control and collection system is
shown in Fig. 2. A sonic nozzle flow meter was installed downstream
of the test section to determine the fuel mass flow rate by using the
calibration method proposed in our previous studies [10,11]. Sonic
nozzles with three throat diameters (1.6, 2.55, and 3.08 mm) were
used to obtain different mass flow rate ranges, resulting in different
residence times for the same heating tube system. In this work, the
effect of residence time on thermal cracking is of primary interest.
For the current system, the fuel mass flow rate was in a range of
10-100 g/s, corresponding to residence times of approximately
0.3-3s.

After the sonic nozzle, the heated kerosene along with cracking
products was cooled down rapidly to room temperature through a
water-cooling system. The gaseous and liquid products were then
collected and their compositions were analyzed using gas
chromatography. The fuel control and collection system has been
used and described in [11,12].

III. Heat Transfer Analysis

The chemical heat sink due to endothermic cracking can be
determined by energy analysis of a control volume of the fuel. As
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Fig. 1 Schematic diagram of the two-stage heating system.
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Fig. 2 Sketch of the cracking products collection system.

shown in Fig. 3a, the total heat absorbed by the fuel, Qg can be
calculated when the distribution of wall heat flux g, (x) is known.
And the sensible heat sink AH, of the fuel equals the enthalpy
change due to the increase in the fuel temperature. With the notations
in Fig. 3a, it yields

L
Qsink = ﬂdZA qw(x) dx (1)

A1—Isen = m(h(TL) - h(TO)) (2)

where d, is the inner diameter of the tube, . is the mass flow rate, and
T, and T, are the fuel temperatures at the inlet and outlet of the
reaction section, respectively. The fuel enthalpy /4 can be calculated
by National Institute of Standards and Technology Supertrapp [13]
with a 10-species fuel surrogate as described in [9]. It was found that
the sensible heat calculated by Eq. (2) is quite small compared with
the total heat sink Qg because of the small change in the fuel
temperature along the test section.
The chemical heat sink can be calculated by,

ink — AH,
Ahendo — lel‘lk i sen (3)
m

The wall heat flux g, (x) is calculated as follows. During the
experimental run, the power of the second stage heater was off. Thus,
¢ (x) can be determined by the rate of the change in the measured
wall temperature since the wall temperature decreased as the fuel
flowed and carried away heat. As shown in Fig. 3b, considering a
control volume of the tube wall enclosed by two adjacent wall
temperature measurements and by neglecting the kinetic energy and
viscous effect, the energy equation is

M+/ q, nds=0 “)
dt sp+sg
G(x)
m dZ
W —
<«—L |
a) b)

where p,, denotes density of the tube wall and e is the internal energy.
The heat flux is defined to be positive when pointing out of the wall
surface.

Since the wall outer surface S has been well insulated, the heat
flux through it can be neglected. Also due to a large ratio of the tube
length to its thickness, the heat conduction in the axis direction is
negligible. Thus, Eq. (4) reduces to

T
qu:_AMpraa_tw (5)

where T, = % (T + T,p) is the average wall temperature of two
adjacent measurements, Cp,,, is the specific heat capacity of the wall,
S =ndyAL, AM = p,, % (d} — d}) AL is the mass of the tube in the
control volume and d, is the outer diameter of the tube. Therefore, the
local wall heat flux is

d> — d? oT
_ Cp,y—2 6
g, PPy, (0)

quw =

IV. Results and Discussion
A. Experimental Procedure and Test Case

Approximately 2 kg kerosene was prepared to a preset relatively
low temperature in the first stage heater and at the same time the
second stage heater was heated to a high temperature. The preheated
kerosene was then driven by pressurized nitrogen at a given pressure
and flowed through the test section. The total operation time was 13—
15 s and it typically took 8 s for the kerosene flow reaching steady
state. In the last 3 s of the operation, experimental data was used for
the heat transfer analysis and the cracked products were collected for
the composition analysis. Figure 4a demonstrates the time variation
of the fuel pressure at the inlet and outlet of the second stage heater
with the preset first- and second stage temperatures of 500 K and
915 K, respectively, and a mass flow rate of approximately 56 g/s.

Tw2

-

i ' tube wall | A
BArHGAS

|$| d, d

Fig. 3 Control volume analysis: a): a control volume for the fuel flow, and b) a control volume for the tube wall.
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Fig. 5 Graphs of a) axial distribution of the wall and fuel temperatures at # = 10 s, and b) axial distribution of the wall heat flux.

The kerosene was pressed into the second stage heater at a reference
time ¢ = 1 s by opening the pneumatic valve downstream of the first
stage heater. From ¢t = 1-4 s, the second pneumatic valve down-
stream of the second stage heater was closed to build up the pressure
in the test section within arelatively short time. Atz = 4 s, the second
pneumatic valve was opened and kerosene started to flow through the
test section.

As shown in Fig. 4a, the fuel pressure was stable after t = 8 s and
the pressure drop through the tube of the second stage heater was
quite small, approximately 80 KPa. Figure 4b presents the time
history of the wall and fuel temperature at x = 15 m from the
entrance of the second stage heater. It was found after r = 8 s, both
the wall and fuel temperatures decrease linearly and at approximately
the same rate. Note that the power of the second stage heater was shut
off during the test time. The kerosene flow absorbs heat from the tube
wall and causes the wall temperature drop. During the period of the
products collection (t = 10-13 s), the fuel temperature was de-
creased by less than 12 K, leading to an average value of 887 K. The
variation in the fuel temperature with time is quite small compared
with the cracking temperature value.

Distributions of wall and fuel temperatures along the tube at
t = 10 s are shown in Fig. 5a. As absorbing heat from the wall, the
fuel temperature rises and approaches the wall temperature along the
tube. After x = 12 m, the temperature difference between the fuel
and the wall is very small and the convective heat transfer almost
vanishes. In the region of x = 12-20 m, the increase in the fuel
temperature along the tube is limited within 10 K, much smaller than
the cracking temperature value. The downstream section of the tube
serves as the test section where the fuel temperature is kept nearly
constant and the convective heat transfer is negligible compared with
the thermal cracking. Figure 5b plots the calculated wall heat flux
distribution. In the upstream part of the tube, the main heat transfer is

turbulent heat convection. In our previous work [9], it was found that
the convective heat transfer of kerosene at supercritical pressures was
affected strongly by its thermophysical properties and a heat transfer
enhancement was observed as kerosene changed its state from
compressed liquid to supercritical state. The details can be found in
[9]. Compared with the upstream section of the tube, the heat transfer
in the test section is dominated by endothermic cracking.

B. Fuel Conversion and Endothermicity

The fuel conversion is defined as the mass ratio of the gaseous
- -~ Figure 6 shows the change of fuel

products to the fuel feed n = P

fee

conversion with fuel temperature at different residence times. As
shown in Fig. 6, the cracking progresses as the temperature goes up.
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Fig. 7 Chemical heat sink variation a) at varying temperatures and residence times, and b) at varying fuel conversion extents and residence times.

12 T T T T T T
@ 10-EJ ®o 4
e Ko
[0}
L E gl o O i
tS S o
g o A
= 0 g 5 = .
o ® A o
7/ o e
£ 5 o,
2 44 & A e} 4
2] Residence time: o 2R R
2] o 2.5s
A 1s ]
O 0.6s
0 T T T T T T
800 850 900 950 1000 1050 1100

Fuel Temperature (K)

a)

12 T T T T T T
2 107 .
o= b
1} I®
= £ 8- J
© @ E\%
g s 4 Oo
= O 64 ) 4
0w © a
[
g c 4 - a a . OE
= Residence time: A gm o
L o 2.5s
2 A 1s i
O 0.6s
0 T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Fuel conversion
b)

Fig. 8 Normalized mass flow rate at varying residence times plotted as a function of a) fuel temperature and b) fuel conversion.

The active temperature range of the cracking was approximately
from 800 to 1000 K and the fuel conversion was seen to level off
beyond 1000 K. Figure 6 also indicates that thermal cracking at
longer residence time begins at a relatively lower temperature, and at
the same fuel temperature, it has a larger conversion than the cracking
at shorter residence time. It was found that for the current pressure
range of 3—4.5 MPa, the fuel conversion and other properties change
slightly with pressure. Therefore, the following discussion will be
focused on the effects of temperature and residence time.

Figure 7a illustrates the chemical heat sink obtained by Eq. (3) as
functions of temperature and residence time. An important feature of
Fig. 7a is that the chemical heat sink A#h,,y, dose not increase
monotonically with fuel temperature. A maximum heat sink exists at
a fuel temperature of approximately 900-960 K and the fuel
temperature corresponding to the maximum A#h,,q, decreases with
increasing residence time. For the long residence time of 2.5 s, at a
high temperature of 1050 K the chemical heat sink even becomes
negative, indicating exothermicity of the resulting reactions. The
decrease in the chemical heat sink at relatively high temperatures can
be explained by the change in the cracking products with temper-
ature. The results of gas chromatography discussed in Sec. [V.D will
show that more saturated hydrocarbons such as methane are
produced as the fuel temperature increases further. It is known that
formation of saturated hydrocarbons is generally exothermic in
nature. Therefore, at increasingly high fuel temperatures the cracking
tends to be exothermic and the chemical heat sink decreases.

Figure 7b shows the same results plotted via the extent of fuel
conversion. At the same conversion, the shorter residence time case
leads to a larger chemical heat sink, and for the current test condi-
tions, the maximum value of Ak, 4, was found to be approximately
0.5 MJ/kg at a fuel conversion of 0.45 and at a residence time of

approximately 0.6 s. This maximum value is smaller than the value
for JP-7 reported in [1,4], which can be attributed to the differences in
the fuel composition and the residence time. Because the total
sensible heat capacity of China No. 3 kerosene at a temperature range
of 300-800 K is approximately 1.4 MJ/kg, the heat sink of
0.5 MJ/kg due to endothermic cracking is therefore considerably
important.

C. Fuel Mass Flow Rate

The measured mass flow rate divided by the cross area of the sonic
nozzle throat (Aﬂ*) are shown in Figs. 8a and 8b as a function of fuel
temperature and fuel conversion, respectively. In Fig. 8, all the data at
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Fig. 9 Molecular weight of the gaseous product as functions of
temperature and residence time.
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Fig. 10 Compositions of the gaseous products at varying temperatures: a) residence time is 0.6 s, and b) residence time is 2.5 s.

varying pressures were normalized with a reference pressure of
3.5 MPa. It was found that the mass flow rate decreased with
increasing fuel temperature because of the reduction in the average
molecular weight of the cracked mixture [, as indicated in Eq. (7):

14
VRT/fL

where f(y) =/ y(ﬁ)%, R is the universal gas constant, y is 1.2,
and c is a discharge coefficient. The value of c is taken as 0.91,
accounting for the pressure loss through the sonic nozzle.

Dependency of Aﬂ; on residence time is shown in Fig. 8a. Scattering
of the data with varying residence time is observed in the figure.
Shorter residence time corresponds to relatively larger mass flow
rate, but this dependency diminishes as fuel temperature exceeds
1000 K. Such a trend can be explained by the changes in fuel conver-
sion and average molecular weight of the cracking mixture with
increasing temperature for varying residence times. When plotting
the same mass flow rate data against the fuel conversion 7, it is seen
from Fig. 8b that all data collapse into a single curve, thereby
indicating that 7 is a better correlation parameter than the fuel
temperature.

cf(y) (7

m
A*

D. Results of Gas Chromatography

The average molecular weight of the gaseous products i, is
plotted in Fig. 9 at varying fuel temperatures and residence times, and
1, was found to decrease as fuel temperature is increased. At the
highest test temperature of approximately 1050 K, f, is only 17,
indicating large percentage of small molecules in the product such as
methane. i, was also seen to be dependent slightly on the residence
time, and larger residence time leads to smaller value of [i,,.

The major gaseous products due to thermal cracking were hydro-
gen, methane, ethane, propane, ethylene, and propylene. Figure 10
compares the compositions (in molar percentage) of the gaseous
products at varying fuel temperatures, and at two residence times of
0.6 and 2.5 s. It is seen from Fig. 10 that increasing fuel temperature
generally increases the percentage of paraffin hydrocarbons. The
molar percentage of methane was 50% at 1020 K for the residence
time of 0.6 s and it was as high as 70% at 1050 K for the residence
time of 2.5 s. The large percentage of methane in the gaseous product

0.8

Residence time:
m 25s
® 0.6s

0.7 4

0.6

0.5+

0.4

0.3

olefin/paraffin ratio

0.2

0.1

0.0

T T T T
800 900 950 1000 1050

Fuel Temperature (K)

Fig. 11 Olefin/paraffin ratio variations at varying fuel temperatures
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T
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indicates significant reduction in the endothermicity of cracking and
it is consistent with the change of chemical heat sink as shown in
Fig. 7. The “olefin/paraffin” ratio has been used to represent
endothermicity by many studies [5,14]. A larger olefin/paraffin ratio
indicates a better endothermicity. Using the data of Fig. 10, the olefin/
paraffin ratio A defined by [(ethylene + propylene)/(methane+
ethane + propane)] is given in Fig. 11 as a function of fuel
temperature for two different residence times. It is seen that the
variation of the olefin/paraffin ratio at the two residence times gives
different trends; A at residence time of 0.6 s yields a peak value at a
fuel temperature of approximately 880 K, while for the long
residence time of 2.5 s, it simply decreases with increasing fuel
temperature. Figure 11 also shows that at the same fuel temperature,
the shorter residence time leads to significantly larger olefin/paraffin
ratio, indicating that the cracking process is more endothermic at
shorter residence time. For the two residence times investigated, the
overall decrease in the olefin/paraffin ratio with fuel temperature can
explain the phenomena observed in Fig. 7.

Compositions of the liquid product were also analyzed with gas
chromatography and the results are listed in Tables 1 and 2. Table 1
gives the main compositions (in molar percentage) of the liquid
product at a fuel temperature of 7, =950 K, a fuel pressure of
P; = 4.1 MPa, and with a residence time of 0.6 s. The species com-

Table 1 Compositions of the liquid product at 7; = 950 K, P; = 4.1 MPa, and residence time =0.6 s

Toluene Benzene Naphthalene O-xylene 1-Methyl-Naphthalene
(C;Hy) (CsHy) (CyoHyg) (CsH,p) (CiiH,yp)
22.5% 14.9% 12.5% 8.5% 7.8%
2-Methyl-Naphthalene  Styrene 1,2,3-Trimethyl-Benzene  Ethylbenzene Indene
(Ci1H,yp) (CsHy) (CyHp) (CsH,p) (CyHy)
5.3% 5.96% 2.72 2.2% 2.1%
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Table 2 Compositions of the liquid product at 7, = 1050 K, P, = 4.1 MPa, and Residence Time =1 s

Benzene Toluene Naphthalene 1-methyl-Naphthalene 2-methyl-Naphthalene

(CeHy) (C;Hy) (CyoHy) (Cy1Hyp) (Cy1Hyp)

15.15% 18.3% 40.94% 16.36% 9.24%
ponents are mainly benzene-based and naphthalene-based aromatic References

hydrocarbons. It can be explained partly by the ring-contraction
products at high (supercritical) pressures (so-called cage effect
[7,15]). Table 2 shows the liquid compositions at a fuel temperature
of T,=1050K, a fuel pressure of P;=4.1 MPa, and with a
residence time of 1 s. A large percentage of naphthalene was noted,
which could be associated with significantly increase in carbon
formation at high temperatures.

V. Conclusions

In this study, thermal cracking of China No. 3 aviation kerosene in
aheated tube was investigated at a temperature range of 780-1050 K,
apressure range of 3—4.5 MPa, and a residence time range of 0.6-3 s.
Heat transfer analysis based on the energy balance for control
volumes of the kerosene flow and the tube wall was used to determine
the chemical heat sink (endothermicity). With the composition
results obtained using gas chromatography, the cracking and endo-
thermicity properties were discussed. Listed below are several
conclusions drawn from this work.

1) Thermal cracking of China No. 3 kerosene started at a temper-
ature of approximately 800 K. This critical temperature was noted to
increase as residence time was decreased. For the conditions studied,
the active cracking temperature was found to be in the range of
800-1000 K.

2) The chemical heat sink does not always increase with fuel
temperature; a maximum endothermicity was found to occur at a fuel
temperature of approximately 900-960 K, which varied with
different residence times. For the current operation condition, the
maximum heat sink was found to be approximately 0.5 MJ/kg with
a 45% fuel conversion.

3) The mass flow rate of the thermally cracked kerosene decreased
with increasing fuel temperature and residence time. Fuel conversion
was found to be a better parameter than fuel temperature for the mass
flow rate correlation.

4) Speciation results demonstrated that the main gaseous products
were methane, hydrogen, ethane, and ethylene. As temperature and
residence time were increased, the methane percentage rose to more
than 50% and the increased percentage of saturated hydrocarbons
from cracking led to significant reduction in endothermicity.

5) The major compositions of the liquid products were found to be
benzene-based and naphthalene-based aromatic hydrocarbons, and a
considerably large percentage of naphthalene was observed at a
temperature of 1050 K.
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