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Catalytic cracking of China no. 3 aviation kerosene using a zeolite catalyst was investigated under supercritical

conditions. A three-stage heating/cracking systemwas specially designed to be capable of heating 0.8 kg kerosene to a

temperature of 1050 K and pressure of 7.0 MPa with maximum mass flow rate of 80 g=s. Sonic nozzles of different
diameterswere used to calibrate andmonitor themass flow rate of the cracked fuelmixture.With proper experiment

arrangements, themass flow rate per unit throat area of the cracked fuelmixturewas found towell correlate with the

extent of fuel conversion. The gaseous products obtained from fuel cracking under different conditions were also

analyzedusing gas chromatography.Composition analysis showed that the averagemolecularweight of the resulting

gaseous products and the fuel mass conversion percentage were a strong function of the fuel temperature and were

only slightly affected by the fuel pressure. The fuel conversion was also shown to depend on the fuel residence time in

the reactor, as expected. Furthermore, the heat sink levels due to sensible heating and endothermic cracking were

determined and compared at varying test conditions. It was found that at a fuel temperature of�1050 K, the total

heat sink reached �3:4 MJ=kg, in which chemical heat sink accounted for �1:5 MJ=kg.

I. Introduction

S CRAMJEToperation at hypersonic speeds places severe cooling
requirements on the engine structure. To limit the weight of the

cooling system, regenerative cooling using onboard fuel as the
primary coolant is considered to be themost effectiveway for thermal
management. The fuel state before entering the combustor varies
with different operation conditions. In the early (low-speed) stage for
a liquid-hydrocarbon-fueled scramjet, because the amount of heat
absorbed by the fuel is minimal, the hydrocarbon fuel would remain
in the liquid state. As the flight speed increases, the fuel temperature
may exceed its thermodynamic critical temperature, and the fuel can
become supercritical when the fuel pressure is also supercritical.
Moreover, when the fuel temperature is sufficiently high, fuel
pyrolysis can occur as well. In these processes, the sensible heat of
hydrocarbon fuel canmeet the cooling requirements up toMach 5–6,
whereas for higher Mach numbers, additional cooling can be
obtained by increasing the heat sink capacity of hydrocarbon fuel
through endothermic reactions [1–7]. Among various endothermic
reactions, the thermal cracking of hydrocarbons is the simplest type
for practical applications. Unfortunately, the actual chemical heat
sink from thermal cracking of hydrocarbon fuel is far behind the
cooling demands, due to the large amount of methane formed at high
temperatures [8–10]. A catalyst could be used to selectively enhance
the rate of certain endothermic reactions and reduce the methane

formation. For example, dehydrogenation of methylcyclohexane
into toluene and hydrogen using platinum catalysts can provide a
chemical heat sink of 2:2 MJ=kg [1]. Cracking tests of JP-7 fuel
using zeolite coating byUnit TechnologiesResearchCenter recorded
a total heat sink of 4:0 MJ=kg at 1100 K [5].

Because awide range of fuel states and composition variations can
exist in the fuel injection system, it is imperative to understand how
the fuel is decomposed and how the changes in fuel properties affect
the injection behavior and the subsequent combustion processes in a
supersonic combustor. In particular, in the supercritical and cracking
region, the fuel properties change dramatically, which leads to some
difficulties in flow rate control. To further our understanding of the
preceding important issues, we experimentally investigated and sys-
tematically compared the performance of model supersonic com-
bustors with the injection of liquid kerosene [11–13] and vaporized/
supercritical kerosene [14]. The fuel cracking characteristics and the
associated effects on supersonic combustion were also studied
through a series of experiments using a specially designed kerosene
heating and delivery system, which can operate to a temperature of
1050K and pressure of 6.0MPawith minimal/negligible fuel coking
[15–17]. Experimental results [14,15] demonstrated that the overall
burning intensity as well as combustion efficiency improved with
supercritical/cracked kerosene injection and generally increased
with increasing fuel temperature. It was also shown that the use of
sonic nozzles is adequate for the control and flow rate measurement
of supercritical and/or cracked kerosene [14–16].

The current research focuses on catalytic fuel reforming and is a
continuing work to determine the endothermic properties of aviation
kerosene under conditions relevant to practical scramjet applications.
China no. 3 aviation kerosene, which is similar to JP-8, was selected
as the test fuel. Stainless-steel plates coated with HZSM-5 zeolite
using ceramic binder were used to construct a catalytic reactor. A
three-stage kerosene heating/cracking system usingmultiple-layered
parallel plates as the key heat exchanger was designed and estab-
lished, which can operate at temperature up to 1050 K and pressure
up to 7.0 MPa. In this experimental investigation, the extent of fuel
conversion, the composition of gaseous products, the resulting heat
sink, and the mass flow rate of cracked fuel mixture were measured
and compared at varying conditions. In addition, the effects of
pressure, temperature, and flow rate on fuel cracking were examined
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and discussed. In the following description and demonstration of the
present experimental facility, calibration and measurement of
cracked fuel flow rate using sonic nozzles, composition analysis of
gaseous products using gas chromatography, and key experimental
results will be sequentially presented.

II. Experimental Apparatus

A. Kerosene Heating and Cracking System

Because the fuel coking is proportional to the fuel residence time at
high temperatures, it can be minimized by changing the fuel heating
history. To limit the fuel residence time at high temperatures, a three-
stage fuel-heating/catalytic-cracking system (as shown in Fig. 1) was
developed for the present experiments. Before each experiment,
liquid kerosene in a storage cylinder was pumped at supercritical
pressure into the first-stage heater by a piston. The first-stage heater
was a storage type that preheated kerosene of 0.8 kg up to 570 K in
10–15 min without severe coking deposits. When kerosene in the
first-stage heater reached the desired temperature at a given pressure,
kerosene was pressed by high-pressure nitrogen into the second-
stage heater, and was then further heated up to 770 K. The residence
time of kerosene in the second-stage heater was also kept short,
typically less than 2 s, thereby minimizing the extent of fuel coking.
The third-stage heater, connected directly to the second-stage heater,
was capable of rapidly heating kerosene up to 1050K. For the present
investigation, the fuel reforming reactor, as detailed later, was situ-
ated inside this third-stage heater. When kerosene was prepared to a
desired temperature via the first- and second-stage heaters and the
fuel reforming reactor was preheated to a specific temperature by the
third-stage heater, the third-stage heater was powered off and kero-
sene flowed through the reactor for conducting heat exchange
characterization experiments. The choice of this storage heater con-
cept was to reduce the amount of total power required as com-
pared with the cases of using electrically heated tubes in a number of
direct-connect facilities. Two pneumatic valves (Swagelok, model
no. SS10UM) were installed at the exits of the first- and third-stage
heaters, as shown in Fig. 1, and were employed to turn on/off the fuel
flow. Typically, the fuel residence time in the fuel reforming reactor
was around 1–2 s.

The first- and second-stage heaters were nearly identical in
construction and each was composed of a 20-m-long stainless-steel
tube of 20mmouter diameter and 1.5mmwall thickness, wound into

a cylinder shape of 30 cm diameter. To reach a uniform temperature
distribution along the heater, three independently controlled elec-
trical heating rugs were wrapped outside the cylinder. The heating
rugs were composed of high-temperature infrared ceramic tiles
woven by resistance wires, and each rug had a maximum power of
6 kW. Two groups of K-type thermocouples, TC11–TC13 and
TC21–TC25 in Fig. 1,were installed on the surface of or inserted into
the heater tubes and were used to monitor and achieve the feedback
control of fuel temperature distribution along the two heaters.

Figure 2 shows a schematic of the third-stage heater/reactor
system. This fuel reactor was installed inside a high-pressure cylin-
drical container with an outside diameter of 82 mm, which was
placed inside an oven, as shown in Fig. 2. The oven was made of a
stainless-steel pipe of 220 mm inner diameter and 4 mm wall thick-
ness with a total length of 1.25 m. To reach a uniform tempera-
ture distribution along the oven hull, four independently controlled
electrical heating rugs were wrapped outside the pipe. The oven
along with the fuel reactor can be heated up to 1050 Kwithin 30min.

To increase the contact surface area between fuel and reactor/heat
exchanger, the heat exchanger was made of parallel stainless-steel
plates of 0.7 m length and 1.5 mm thickness spaced evenly with a
0.5 mm gap. The total weight of the heat exchangers was
approximately 21.5 kg. Table 1 lists the geometric parameters of the
heat exchanger system. The overall surface/volume ratio was
�3:2 mm�1, which is equivalent to the surface/volume ratio of a tube
of 1.2 mm diameter.

The parallel stainless-steel plates were coated with HZSM-5
zeolite catalyst using ceramic binder. To strengthen the binding of
catalyst coating on the stainless-steel plates, the surfaces of the plates
were sandblasted before coating. The overall Si/Al ratio in HZSM-5
was approximately 50. The typical particle size of the HZSM-5
catalyst was less than 5 �m and the average pore diameter was 5 Å,
and the thickness of the coating was approximately 20–30 �m.
Before the catalytic reactor could be used for experiments, the system
was heated up slowly to the working temperature to evaporate the
absorbed water and solidify the zeolite framework. The heating rate
was 1–3 K=min and the whole process took approximately 10 h.

Two groups of K-type thermocouples with diameters of 0.3 mm
(Omega, model no. KMQSS-040G), TW1–TW8 and TF1–TF8 in
Fig. 2, were welded on the surface of the plates or inserted into the
reactor and were used to monitor the plate and fuel temperature
distributions along this reactor/heat exchanger system. The error in

Fig. 1 Schematic of kerosene heating/cracking system.
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the temperature measurement was within �3 K. Additional mea-
surements also showed that the radial variation of plate temperature
at given axial locations is less than 10 K.

Because the catalyst could be deactivated due to coke deposits
after several runs, special cautionwas exercised. It was found that the
color of the catalyst coating became light brown after several runs,
which indicated that the coke formation during the experiments was
not severe. However, because the thermal isolation of the cracking
system was so good, it took more than 10 h to cool down to the room
temperature at the end of day. During this long cooling duration, the
residual fuel inside the tank could form coke. To avoid this problem, a
small amount of airflow was introduced into the reactor at the end of
experiments to slowly consume the fuel residuals.

B. Fuel Collection and Flow Rate Calibration System

Figure 3 shows a schematic of the kerosene collection and flow
rate calibration system. The mass flow rate of cracked kerosene was
measured using a sonic nozzle installed at the exit of the third-stage
heater. After passing through the sonic nozzle, the cracked fuel mix-
ture was cooled down to room temperature using an air-conditioner
condenser circulatedwith coldwater. The liquid products and carbon
deposits (if present) were collected directly after cooling and the
gaseous products were collected using a container immersed in a
water pool, and the mixture volume was measured by the volume of
water displaced.

The composition of gaseous product mixturewas analyzed using a
gas chromatograph, and its average molecular weight and density
were determined. The gas density was also measured directly by the
measurements of the weight and volume of a gas sample. The mass
flow rate was determined from the total mass of collected liquid and
gaseous products divided by the time duration of fuel discharging,
which was precisely controlled by the pneumatic valves through a
computer. Note that the mass flow rate is, in general, a function of the
fuel temperature upstream of the nozzle and the average molecular
weight of the cracked kerosene and that the averagemolecularweight
is a function of the fuel temperature at the exit of the reactor. As such,
the tube used to connect the reactor exit and the upstream sonic

nozzle was wrapped with heating tapes so that the reference temper-
ature was kept almost the same and the fuel mass flow rate could be
calibrated using a single temperature. Because of the large variation
of kerosene density in the temperature range of 570–1050 K, two
different throat diameters of 1.62 and 2.55 mm were used to meter
the desired mass flow rate. A discharging valve (Swagelok, model
no. SS10UM) was also installed upstream of the sonic nozzle to
discharge some cracked fuel during pressure buildup before the fuel
mixture was actually collected and analyzed so that the fuel cracking
process during sampling occurred at almost constant pressure.

III. Results and Discussion

A. Characteristics of the Fuel Reactor

A stable temperature and pressure at the exit of the fuel reactor is
essential for the future supersonic combustion experiments. To
achieve this, precise setting of the time sequence for the two valves
used to control the fuel flow into and out of the reactor is required.
Again, the third-stage heater was turned off before flowing fuel into
the reactor. Figure 4 shows the typical time histories of the fuel
pressure measured at the inlet and outlet of the reactor. The fuel was
pressed into the second-stage heater and the reactor at a reference
time of t� 1 s. At this time both the fuel discharging and collection
valves in Fig. 3were closed. The pressure inside the reactor increased
quickly to a desired value at t� 4 s, at which the discharging valve
was opened. After about 4 s fuel discharging, at t� 8 s the fuel
collection valvewas opened and the discharging valve was closed. It
can be seen from Fig. 4 that both inlet and outlet fuel pressures were
stabilized during the sampling process. The two level-off pressures
were also seen to be very close. This small pressure drop indicates
that the flow resistance within the reactor was minimal.

Figure 5 shows the typical time histories of the plate wall
temperatures (TW1–TW8 in Fig. 2) inside the fuel reactor. It is seen
that the temperature distribution along the reactor was fairly uniform
at the beginning,with temperature variation of TW1–TW8being less
than 25 K. When kerosene was introduced into the reactor, the
temperature decreased quickly during the first 4 s but its reduction
rate became much smaller after t� 8 s.

Figure 6 further compares the distributions of total plate wall
temperature reduction in the period of t� 8–12 s along the reactor
for three different final fuel exit temperatures of 815, 854, and 920K.
In calculating such a total temperature reduction for each plate
thermocouple, linear regression was employed to fit the raw data
between t� 8 and 12 s to reduce the error. For the case of 815 K, the
total wall temperature reduction decreases monotonically along the
reactor. Hence, sensible heat dominates at this relatively lower-fuel-
temperature condition. As fuel temperature is increased, the cases of
854 and 920 K in Fig. 6 exhibit nonmonotonic response, indicating
the occurrence of thermal and/or catalytic-cracking reactions.

Fig. 2 Schematic of the third-stage heater/reactor system. For clarity, not all of the flat plates are sketched. All dimensions are in millimeters.

Table 1 Geometrical parameters of the heat

exchanger system

Parameters Values

Passage height 0.5 mm
Total length 700 mm
Contact surface 3:1 m2

Passage volume 0:98 dm3

Surface/volume ratio 3:2 mm�1
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B. Catalytic Cracking of China No. 3 Kerosene

China no. 3 aviation kerosene was employed in this study. On the
volume basis, it is approximately composed of 92.5% saturated
hydrocarbons, 0.5% unsaturated hydrocarbons, and 7% aromatic
hydrocarbons. Its mass composition distribution by carbon number
from chromatograph is shown in Fig. 7. The overall chemical for-
mula of this kerosene is approximately C11H22.

The major gaseous products obtained from catalytic cracking
were hydrogen, methane, ethane, propane, ethylene, and propylene.
Figure 8 compares the composition variations of the gaseous

products at six different exit fuel temperatures, ranging from 813 to
942 K. The pressure was kept constant at a value of approximately
4.1 MPa. It is seen from Fig. 8 that increasing fuel temperature
generally led to larger conversion to methane, ethane, and hydrogen,
but smaller conversion to alkenes. Estimated composition data for
catalytically cracking JP-8+100 at 4.1MPa and 940K taken from [5]
are also plotted in Fig. 8 for comparison, showing a similar species
distribution as the present measurements. The increase in methane
formation at high temperatures is expected to reduce the endother-
micity of the fuel, which is commonly represented by the so-called

Fig. 4 Time histories of fuel pressuresmeasured at the inlet and the exit

of fuel reactor.

Fig. 5 Time histories of the plate wall temperatures along the fuel

reactor. Fig. 7 Composition distribution of China no. 3 kerosene.

Fig. 3 Schematic of cracked fuel mixture collection and flow rate calibration system.

Fig. 6 Comparison of total plate wall temperature reductions from

t� 8 s to t� 12 sec along the reactor for the cases with three different
final fuel temperatures at the exit.
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olefin/paraffin ratio [9]. A higher olefin/paraffin ratio indicates a
better endothermicity. The olefin/paraffin mole ratios, defined by
ethylene plus propylene with methane plus ethane plus propane
using the data of Fig. 8, are further listed in Table 2, demonstrating
that the olefin/paraffin ratio from catalytic cracking decreased as the
fuel temperature is increased. It is seen from Table 2 that the olefin/
paraffin ratio for JP-8+100 at 4.1 MPa and 940 K from [5] is slightly
higher than the present data.

Figure 9 further compares the composition variations of the
gaseous products at four different fuel pressures, ranging from 3.2 to
5.1 MPa. The exit fuel temperature was kept nearly constant in the
range of 890–900 K. Figure 9 shows that increasing fuel pressure
generally led to larger conversion to methane, but a smaller conver-
sion to hydrogen. Moreover, the influence of pressure on the forma-
tions of other species was relatively smaller, which suggests that the
associated catalytic reactions were less sensitive to pressure for the
conditions investigated.

Note that a lower endothermicity does not mean a lower heat sink
available. The heat sink is also dependent on the extent of fuel
conversion. Figure 10 plots the mass percentage of kerosene
converted to gaseous products as a function of fuel temperature for
two different sonic nozzle throat diameters of 1.62 and 2.55 mm. It
shows that for a given sonic nozzle the fuel conversion increasedwith
increasing fuel temperature. Themass conversion is also seen to level
off beyond 1000 K, which could be because the temperature may not
be high enough to pyrolyze some heavy compounds such as
aromatics and other tarlike intermediates from cracking. Even
though the fuel pressure varied from 2.7–5.2 MPa in Fig. 10, the
measurements showed only a slight dependence of fuel conversion
on fuel pressure. Figure 10 also demonstrates that at the same fuel
temperature, the larger the sonic nozzle diameter, the less fuel
conversion. This is because a larger throat diameter corresponds to a
larger fuel mass flow rate, thereby resulting in a shorter residence
time. Figure 11 further shows the averaged molecular weight of the
gaseous products at different fuel temperatures. The average mole-
cular weight was found to decrease nearly linearly with increasing
fuel temperature, corresponding to the increase in methane and
hydrogen formation demonstrated in Fig. 8.

C. Measurements of Fuel Mass Flow Rate

The measured total mass flow rates of cracked fuel mixture Q per
unit throat area A� at varying fuel temperatures are compared in
Fig. 12 for the two different sonic nozzles used in the present
experiments. All data were normalized with a reference pressure of
3.5 MPa, and hence 3:5Q=�PA�� is plotted in Fig. 12, in which

pressure P is in units of megapascals. For comparison, calculations
using the model of extended corresponding states (ECS) [18] for a
kerosene surrogate developed in our early study [15] are also plotted
in Fig. 12. Without considering fuel cracking, the computed results
agreed well with the experimental data up to a temperature of
approximately 800 K, above which fuel cracking is expected to

Fig. 8 Comparison of gaseous product compositions at varying fuel

temperatures. Fuel pressure was kept constant at 4.1 MPa. Sonic nozzle

diameter used in the current experiments was 2.55 mm.

Fig. 9 Comparison of gaseous product compositions at varying fuel

pressures. Fuel temperature was kept nearly constant in the range of

890–900 K. Sonic nozzle diameter used in these experiments was
2.55 mm.

Fig. 10 Mass percentage of kerosene conversion to gaseous products as

a function of fuel temperature for two different sonic nozzles (i.e.
different mass flow rates). Fuel pressure ranged from 2.7 to 5.2 MPa.

Fig. 11 Averagedmolecularweight of gaseous products as a function of

fuel temperature.

Table 2 Variation of olefin/paraffin mole ratio (ethylene plus propylene with methane plus ethane plus

propane) with fuel temperature at fuel pressure of 4.1 MPa (cf. Figure 8)

Fuel temperature, K 813 827 854 892 920 942 JP-8+100 at 940 K [5]
Olefin/paraffin ratio 0.62 0.51 0.46 0.40 0.35 0.32 0.41
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occur. It is also seen from Fig. 12 that for fuel temperatures greater
than 800 K, some nozzle diameter dependence of the measured data
was noted. Such a deviation can be explained by the differences in
fuel conversion percentage shown in Fig. 10. By replotting the
normalized mass flow rates per unit throat area in terms of fuel mass
conversion percentage, Fig. 13 shows that all data now collapse into
one curve, indicating a direct correlation of Q=PA� with fuel mass
conversion percentage.

D. Heat Sink Measurements

The heat sink from fuel cracking can be determined by the heat
exchange �Q of the stainless-steel reactor within a certain time
interval�t, which is from t� 8 to 12 s, shown in Fig. 4. Based on the
total plate temperature drops �T�x� when fuel flows through the
reactor, �Q is determined by

�Q� �sCp;sAs
Z
L

0

�T�x� dx (1)

where �s is the density of stainless steel, Cp;s is the heat capacity of
stainless steel, As is the cross-sectional area occupied by the
stainless-steel plates, L is the reactor length, and x is the distance
from the reactor entrance. The specific sensible heat hsensible, related
to the fuel temperature changes from the inlet to the exit of the
reactor, can be calculated by

hsensible � hf�Te� � hf�Ti� (2)

where Ti and Te are, respectively, the inlet and exit temperatures and
hf is the fuel enthalpy calculated using the ECS model as in [15].

Because of the relatively slow rate change in fuel temperature, the
error by neglecting the unsteadiness in fuel enthalpywas estimated to

be �5%. Thus, the heat sink available from fuel cracking can be
determined by

hendothermic � ��Q=�mf � hsensible� (3)

where �mf is the fuel mass collected during �t.
Figure 14 shows the chemical heat sink hendothermic of China no. 3

kerosene as a function of fuel temperature at pressures of 2.7, 4.1, and
5.2MPa. A sonic nozzle of 2.55mm in diameter was used in the flow
rate control. The fuel mass flow rate tested ranged from 20 to 70 g=s.
It is seen from Fig. 14 that the heat sink level due to endothermic
reactions can reach �1:5 MJ=kg at temperature of �1050 K.
Despite a relatively larger scatter in the deduced hendothermic, no
apparent pressure dependence was observed. The corresponding
total heat sink is further plotted in Fig. 15. The sensible heat sinks
shown in Fig. 15 were calculated using the National Institute of
Standards and Technology SUPERTRAPP [18] and the unreacted
kerosene surrogate used in [15]. Figure 15 demonstrates that the total
heat sink reached approximately 3:4 MJ=kg at a temperature of
around 1050 K. In general, the present data are consistent with the
results reported in [5] using JP-7. We further note that the equivalent
liquid hourly space velocity (LHSV), defined as the volumetric flow
rate of the fuel in its liquid state divided by the volume of the reactor
[5], for the present reactor varied from 100 to 350 h�1 in this study,
whichwas about one order ofmagnitude smaller than the LHSVused
in [5] (500–3000 h�1). A higher heat sink corresponding to a higher
fuel conversion would be expected at the lower space velocity [5],
which, however, could not be seen in Fig. 15 when comparing the
current data with the results of [5]. This may be due to a different fuel
and catalyst used in the experiments.

Fig. 13 Correlation of themass flow rates per unit throat area of Fig. 12

with mass conversion percentage.

Fig. 14 Chemical heat sink values of China no. 3 kerosene at varying
fuel temperatures. Sonic nozzle diameter used in these experiments was

2.55 mm.

Fig. 12 Mass flow rates per unit throat area at varying fuel
temperatures for two different sonic nozzles. All data were normalized

with a reference pressure of 3.5 MPa. Calculations using an unreacted

kerosene surrogate are also included for comparison.

Fig. 15 Total heat sink values of China no. 3 kerosene at varying fuel

temperatures. Sonic nozzle diameter used in the current experimentswas

2.55 mm. (UTRC denotes the United Technologies Research Center.)
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IV. Conclusions

A novel three-stage kerosene heating/cracking system was
designed and tested for the catalytic cracking of aviation kerosene.
The first-stage storage-type heater can preheat 0.8 kg kerosene to a
temperature of 570 K and pressure of 7.0 MPa, whereas the second-
stage continuous-flow-type heater can heat kerosene flow further, up
to 770 K. The third-stage heater had a structure of multilayered
parallel stainless-steel plates to maximize the contact surface area
and also served as a fuel reactor. These stainless-steel plates were
coated with a zeolite catalyst using ceramic binder for effecting
catalytic reactions. The fuel can be heated up to 1050Kwhen passing
through this reactor at a flow rate up to 80 g=s, with residence time
being around 1–2 s. In addition, sonic nozzles were used to measure
the mass flow rate of the cracked fuel mixture. It was demonstrated
that as long as the fuel temperaturewas kept constant from the exit of
the reactor to the sonic nozzle, the mass flow rate per unit throat area
of the cracked fuel could be correlated very well with the extent of
fuel conversion.

Experimental results using China no. 3 kerosene showed that the
total heat sink reached �3:4 MJ=kg at a fuel temperature of around
1050K and the corresponding chemical heat sink due to endothermic
reactions was �1:5 MJ=kg. It was also found that both the average
molecular weight of cracked gaseous products and the fuel mass
conversion percentage were a strong function of fuel temperature
but only slightly affected by the fuel pressure. Furthermore, the
extent of fuel conversion was dependent on the fuel residence time in
the reactor. The present results therefore provide insights into
regenerative fuel cooling technologies and catalytic fuel cracking
modeling.
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