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Interface Tracking Simulations of Liquid Rocket Engine Combustion
at Subcritical Pressures

y
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ABSTRACT

A feasibility study of the interface tracking simulations of liquid oxygen (LOX) and gaseous hydrogen (GH2) coaxial combustion at a
subcritical pressure was conducted. To simulate the breakup and atomization of LOX core, CIP-LSM (Constrained Interpolation Profile
based Level Set and MARS) that combined CIP-CUP (CIP-Combined Unified Procedure) method with the hybrid Level-set and MARS
(Multi-interface Advection and Reconstruction Solver) method for volume tracking, was employed as a solver of the governing equations
of fluids. The phase change rate on the surfaces between the multi-species gas and single-species liquid was calculated. To investigate the
ignition process and flame holding mechanism, chemical reaction equations were solved with the detailed chemical mechanism of oxygen
and hydrogen. Results suggested that this numerical approach can be a powerful method that provides the information on ignition, breakup
and atomization of LOX core, and flame holding at the steady state of LOX/GH2 coaxial combustion at subcritical pressures.
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(a) Supercritical pressures
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Fig. 1: Schematics of representation of cryogenic

0O2/H: coaxial injection.
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Fig. 2: Flow configuration and boundary conditions of LOX/GH2 coaxial combustion.
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Table 1: Injection conditions.

LOX GH;
Pressure, MPa 4.0
Temperature, K 100.0 100.0
Density, kg/m?® 1100 9.08
Velocity, m/s 10 100
Mixture ratio (O/F) 227

Momentum flux
ratio (O/F)
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Fig. 3: Time-history contours of temperature
during ignition and flame propagation.

LOX RA MBEEICITHEERERSER S TR Y, wE
FICHEINTWDED, (RERA T =X LIZHFESLTND
L.

PLEX Y, 53D Lagrangian iBNEZ ~— R & 505k
ENTIE CIXEB TE R o 2B K, LOX 2 7 REE « 454
B, RREEREICOWTERTE A LN, AFZED

This document is provided by JAXA.



198 FHIM 22T TEBR FE A R RI & JAXA-SP-16-007

77 a—F I RTE T LOX/GHa [RIERKE D 51 7= 701

FrREL LT/ TE 2 28 bnol.

(dY Masg fraction of Q-

LONNA Lo el S LNTT
W&y vaabd tlaluin O

T
x

Fig. 4: Instantaneous contours at the steady state.
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