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Thermal Cracking and Heat Sink Measurement of Model Compounds
of Endothermic Hydrocarbon Fuels under Supercritical Conditions
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LIN, Rui-Sen

Abstract A calorimeter was set up to determine the heat sink and to investigate the mechanism of thermal
cracking of endothermic hydrocarbon fuels under supercritical conditions. The thermal cracking of
n-heptane or JP-10 was studied under different temperatures and pressures, and the corresponding data of
heat sinks were obtained. Incorporating with the analyses from gas chromatography, the effects of the tem-
perature or pressure on the heat sink and distribution of gaseous products were elucidated. The heat sink was
3.14 MJekg * for the thermal cracking of n-heptane at 873 K and 3.4 MPa, and 3.08 MJekg * for that of
JP-10 at 903 K and 3.2 MPa with the conversions of 32% and 4.7%, respectively, which could meet the
cooling requirement of aircrafts at 5~6 Mach number.
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Figure 1 Schematic of experimental apparatus for thermal
cracking of fuels under supercritical conditions
1—Feed stock; 2—pump; 3—needle valve; 4—manometer; 5—four-way
valve; 6—preheater; 7—reaction furnace; 8—condenser; 9—backpressure
control valve; 10—separator; 11—gas collector; 12—thermal couple; 13—
computer; 14—nitrogen; 15—pressure adjuster
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Tablel Componentsof JP-10 sample

Component Relative content/wt%
Exo-tricycle[5.2.1.02.6] decane 96.85
Trans-decahydro-naphthalene 172
Adamantane 1.19
Endo-tricycl€e[5.2.1.02.6] decane 0.23
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Table2 Vaues of heat sink of n-heptane at different tempera-
tures and pressures

Heat sink/(MJkg %)

p/MPa
773K 823K 873K
0.1 2.23 2.38 244
24 2.88 2.94 2.97
29 2.98 3.03 3.01
34 2.99 311 3.14
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Table 3 Vaues of heat sink of JP-10 at different temperatures
and pressures

Heat sink/(MJkg ™)

p/MPa
863 K 883 K 903 K

0.1 1.88 1.85 1.93
1.8 2.03 2.15 247
2.7 2.38 2.38 2.75
3.2 2.58 2.62 3.08
3.8 2.75 2.85
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Figure 2 Values of heat sink of n-heptane or JP-10 versus
pressure at various temperatures
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Figure 3 Changes of relative contents of alkane or akene in
gaseous phase with pressure for thermal cracking of n-heptane at
823 and 873 K
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Table 4 Alkene/akane ratio in gaseous phase for thermal

cracking of n-heptane at different temperatures and pressures
(mol/moal)

0.1MPa 24MPa 29MPa 3.4MPa

297K Alkene  31.25 40.69 40.46 39.39
Alkane  68.75 59.31 59.54 60.61

Alkene 4455 50.81 49.58 48.48

823K Alkane  55.45 49.19 50.42 51.52

873 K Alkene  49.78 50.97 49.50 47.55
Alkane  50.22 49.03 50.50 52.45
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Table 5 Alkene/akane ratio in gaseous phase for thermal

cracking of JP-10 at different temperatures and pressures
(mol/moal)

0.1 MPa 1.8 MPa 2.7 MPa 3.2 MPa 3.8 MPa

Alkene 8328 8313 8033 7860 77.40

863K Alkane 16.72 1687 19.67 2139 2260

Alkene 8522 7629 7648 7296  68.46

883K Alkane 1478 2371 2352 2703 3154

Alkene 8288 7258 7091 68.93
Alkane 1712 2742  29.09  31.07
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Figure 4 Changes of relative contents of alkane or akene in
gaseous phase with pressure for thermal cracking of JP-10 at 863
and 883 K
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