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Modeling of Non-Equilibrium Kinetics of
Fuel Rich Combustion in Gas Generator

Jungmin Yu* and Changjin Lee**

ABSTRACT

The combustion temperature in gas generator should be kept below around 1,000K
to avoid any possible thermal damages to turbine blade by adopting either fuel rich
or oxidizer rich combustion. Thus, non-equilibrium chemical reaction dominates in the
gas generator. Meanwhile, Kerosene is a compounded fuel mixed with various types
of hydrocarbon elements and difficult to model the chemical kinetics. This study focus
to model the non-equilibrium chemical reaction of kerosene/LOX with detailed kinetics
developed by Dagaut using PSR(Perfectly stirred reactor) assumption. Also, droplet
evaporation time is taken into account by calculating for the residence time of droplet
and by decoupling reaction temperature from the reactor temperature. In Dagaut’s
surrogate model for kerosene, chemical kinetics of kerosene consists of 1592 reaction
steps with 207 chemical species. The comparison of calculation results with
experimental data could provide very reliable and accurate numbers in the prediction
of combustion gas temperature, species fraction and other gas properties.
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4 Arrhenius pre-exponential factor T, Temperature at the droplet surface (K)
B Spalding transfer number V Reactor volume (cm’)
d o Nominal initial droplet diameter (cm) W,  Molecular weight of species k
E, Activation energy (Kcal/mol) Y, Mass fraction
hy, Specific enthalpy per unit mass Y,. Oxidizer mass fraction at infinity
J Stoichiometric fuel-oxidant mass ratio A Gas phase thermal conductivity
0 Reactor heat loss T Reactor residence time (msec)
q° Heat of reaction (cal/gm) T, Nominal droplet lifetime (msec)
R, Universal gas constant @, Molar production rate per unit volume
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¥ 1. Physical data and empirical coefficients for surrogate fuel [7]

Symbol n-Decane n-Propylbenzene | n—-Propylcyclohexane
Critical Temperature (K) Tc 617.75 638.35 639.00
Critical Pressure (bar) Pc 21.03 32.0 28.0
Heat of Reaction (cal/gm) Qo0 10568.84 0851.324 10374.36
Al -0.81945655D+1 0.28113438D+2
Vapor Pressure B1 | Modified Wagner | (25824838D+1 ~0.67615631D+4
Correlation Ci | Ao O I 049994036D+1 |  -0.24830113D-1
D1 -0.70133165D+0 0.15732895D-4
A2 0.7733D+0 0.11103115D+1 0.10208874D+1
Molar Density B2 0.76D-4 0.78414031D-3 0.70593762D-3
Correlation c2 -0.8D+1 0.59999990D+1 0.59999990D+1
D2 0.382D+3 0.62005029D+3 0.58713574D+3
® 0.4894 0.345 0.258
Bii Correlation A3 0 0 0
B3 0 0 0
Boiling Temperature Ad 6.96375 6.95142 6.88646
. B4 1508.750 1491.297 1460.800
Correlation c4 195.375 207.140 207.939
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