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Abstract: The high—density endothermic hydrocarbon fuel was developed for the application of regenera-
tive cooling in hypersonic vehicles, and a surrogate model of this fuel was proposed for studying fuel flow and
heat transfer in supercritical state. A three—component model was chosen based on the product components cap-
tured in high—temperature pyrolysis experiments of this endothermic hydrocarbon fuel, as well as the surrogate
models for current aviation kerosene. The molecular mass, density, kinematic viscosity, specific heat capacity
and thermal conductivity were selected as the objectives, and the optimal surrogate model consisting of 71.1%
trans—decalin, 19.4% n-dodecane and 9.5% n—tridecane was found by the multi-objective optimization method.
The secondary development on the NIST SUPERTRAPP was applied to predict and analyze the thermophysical
properties of the surrogate model in supercritical state, which showed that the most obvious change of thermophys-
ical property was located around the critical pressure of 2.8MPa and the critical temperature of 700K. Besides,

the change of that in the supercritical state decreased gradually with the increase of pressure.
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Table 1 Thermophysical properties of RP-3

Fuel Molar mass Density Kinematic viscosity Specific heat capacity Thermal conductivity
ue M/(g/mol) pl(kg/m*) n/(mPa-s) c,‘/(k.]'kg’“I(]) AM(W-m™+K™")
RP-3 148.83 785 1.16 1.89 0.1262

Table 2 Comparison of two models

Components of model

Original results'>*!(mol%)

Optimization results(mol% )

n—dodecane 54.3 71.16
2,5 dimethylhexane 32.1 9.01
Toluene 13.6 19.83
E/% 5.0 2.6
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Fig.1 Comparison between the viscosity of the two models

and experimental values
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Fig. 2 Comparison between the density of the two models

and experimental values
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Fig. 4 Comparison between the specific heat of the two

models and experimental values

Table 3 Comparison of pseudocritical temperature under

different pressure
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4.02 697.7 679 703
4.98 726.7 701 725
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Table 4 Comparison of thermophysical properties between
surrogate model and EHF-851

Parameter Model Fuel E /% El%
Molar mass/( g/mol) 148.83  147.46 0.92
Density/(kg/m*) 850.6  850.6 0
Kinematic viscosity/(mPa-s) 1.97 2.11 6.6
Specific heat capacity/ 3.1
1. 1. 2.
(kJ-kg'-K™) 75 8 !
Thermal conductivity/ 01161 0.1226 53
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Fig.5 Values of density of the model at the pressure of
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Fig. 9 Values of thermophysical properties of the model at the near-critical pressure of 2.6~3.0MPa
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