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Figure 1- Transcritical conditions across the pseudo-boiling line in a phase diagram
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Figure 2- Comparison of NIST database with thermodynamic properties calculated with SRK equation of state for O2 at 60 bar
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Figure 3- The schematic configuration of an opposed flow flame
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Figure 4- Temperature distribution for experiment and numerical data in 0.8 Mpa[45]
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Figure 5- Comparison between current simulations with available similar simulation in 100 atm[46]
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Table 1- Kinetic mechanisms of Hydrogen and oxygen’s combustion in elevated pressure [43]

Reactions | A n | E
H,/O, chain reactions
1. H+0,=0+0H 3.55x10% -0.41 16.6
2. O+H,=H+OH 5.08x10* 2.67 6.29
3. Hy+OH= H,0+H 2.16x10° 151 3.43
4, 0+H,0=0H+0OH 2.97x10° 2.02 13.4
H,/O, dissociation/recombination reactions
5. HytM=H+H+M 4.58x10% -1.40 104.38
6. 0+0O+M= 0,+M 6.16x107 -0.50 0.00
7. O+H+M= OH+M 4.71x10% -1.0 0.00
8. H+OH+M= H,0+M 3.88x10% -2.00 0.00
Formation and consumption of HO,
9. H+O,+M= HO,*+M ko 6.37x10%° -1.72 0.52
H+0,+M= HO,+M ko 9.04x10%° -1.50 0.49
k., 1.48x10% 0.60 0.00
10. HO+H= Ho+ O, 1.66x10% 0.00 0.82
11. HOy+H= OH+OH 7.08x10% 0.00 0.30
12. HO,+0= OH+0; 3.25x10% 0.00 0.00
13. HO,+OH= H,0+ O, 2.89x10% 0.00 -0.50
Formation and consumption of HO,
14. HO,+ HO2= H,0,+ O, 4.20x10% 0.00 11.98
HO,+ HO,= H 05+ O, 1.30x10™ 0.00 -1.63
15. H,0,+#M=0H+OH+M ko 1.20x10Y 0.00 455
k, 2.95x10% 0.00 48.4
16. H,0,+H= H,0+OH 2.41x10% 0.00 3.97
17. H,0,+H= H,+ HO, 4.82x10% 0.00 7.95
18. H,0,+0= OH+ HO, 9.55x10° 2.00 3.97
19. H,0,+OH= H,0+ HO, 1.00x10% 0.00 0.00
H,0,+OH= H,0+ HO, 5.8x10* 0.00 9.56
P =60 bar, Near Extinction P =60 bar, Near Equilibrium
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Figure 7- Temperature distribution vs. mixture fraction for real gas and ideal gas conditions
in near equilibrium(right) and near extinction(left) (LOX/H,)
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Table 2- Charactertistics of the inlet fuel and oxidizer

Case Species Pressure [MPa] Mass flow rate [g/s] Temperature [K] Density [kg/m®] Velocity [m/s]
A-60 H, 6 70 287 5.51 236
0, 6 100 85 1177.8 4.35
C-60 H, 6 40 287 5.51 130
0, 6 100 85 1177.8 4.35
G-2 CH, 5.6 143.1 288 395 110
0, 5.6 44.4 85 1100 5
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The dynamics of transcritical shear flames of GH,-LOX and GCH4-LOX has been investigated numerically.
Present results have been compared with available experimental data that show reasonable agreement. The
standard k-¢ model is applied to simulate flow field. For the combustion and turbulence interaction a steady
laminar flamelet model (SLFM) with real gas table has been adapted. Real gas flamelet tables obtained from
the Cantera open source code. Initially, it is observed that in the physical space, the difference between real
gas condition and ideal gas is significant in terms of the position and dimensions of the flame for the
transcritical state. In the mixture fraction space, there is no significant difference between the real gas solution
and the ideal gas. However, in near extinction point there is considerable difference. On the other hand it is
shown that in the transcritical shear flames the mass flux ratio of fuel and oxidizer is most important
parameter from view-point of flame shape and dimension. With increase of the mass flux ratio, the turbulent
viscosity and heat transfer in the shear layer increases drastically. Accordingly, the pseudo-boiling
phenomenon causes the flame shape and dimension changed remarkably. In the GCH4-LOX flame due to
higher density of methane, at the lower mass flux ratio (about 5), a strong recirculation appeared in the front
of the flame, while in the GH,-LOX flame this vortex formed around mass flux ratio of 25.

Keywords: Transcritical injection, Supercritical flame, Pseudo-boiling phenomenon, Steady laminar flamelet
model, Mass flux ratio of fuel and oxidizer
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