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Figure 1- Transcritical conditions across the pseudo-boiling line in a phase diagram
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Figure 2- The schematic confighration of an opposed flow flame
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Figure 3- Comparison of NIST database with thermodynamic properties calculated with SRK equation of state for O, at 60 bar (a)
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Figure 6- Comparison of NIST database with transport properties calculated with Chung et al model for O2 at 60 bar (a) viscosity
(b) thermal conductivity
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Figure 6- Comparison between current simulations with available similar simulation in 100 atm [12]
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Table 1- Simulation conditions the in discussion section

Fig number variables Pressure (atm) | Oxygen Temp (K) EOS
7 Temp-mixture fraction 100 120 Ideal-Real
8 Cp/Temp-Norm length 100 120 Ideal-Real
9 Density- Norm length 10 120 Ideal-Real
10 Density- Norm length 100 120 Ideal-Real
11 OH- Norm length 60 120-300 Ideal
12 OH- Norm length 60 120-300 Real
13 Density- Norm length 10-100 120 Ideal
14 Density- Norm length 10-100 120 Real
15 Temp- Norm length 60 120-300 Ideal-Real
16 Density- Norm length 60 120-300 Ideal-Real
17 Velocity- Norm length 60 120-300 Ideal-Real
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Temp. vs. Mix. Fraction (P=100 atm, T=120 k)
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Figure 7- Temperature distribution vs. mixture fraction for ideal and real gas condition
JUnl 55 9 (2819 55 Ll o (gl bolio puS (ol Los @2 395 -V S5

S8 5 aalS VY e (6995 sled (sl ool dmy g Alols iz (51> Cudib izres g Les Dlpss A S o
Bl 38 Ll Jleel b ol o cdwlice a5 jsbjlen anl 0als ool flid a8l 515 ¢ Jbl 58 <> 6l L Ve
53 Sgbse odwlin a5 sblen ()b jlaboe Rl g i led g 95800 Ll 5eeST (639)9 Coow a4y Al
LS e ol | gt iy 31 26 i Gl Sl S e 5 i LIS SIS o Ll
5 3l e GBI ) 3 ST ST e 30mST (53955 S 3 5 ale | iy (ool S Ll Jlae
Sl Ced,b wad ol alis) ail  Seluoge i wad Ol s sbul 4 ye g Widom L 51 Jlew jeue 51 250
oy (pl a5 gl oo wilellE 4 bowd Ce s aibemle <l 3l L Sl o Y S o Sl ad gles o
Bl 58 lals Jleel b Les aicinn a5 098 o0 oadlive (puizmed 0gd o0 Sy il g JB> wal alS cel
Sl (sl ol 55 5 ool S bl oy SO S35 (5L 3 9 on ol 45 pgbolan ly oo alS S
Lol az g BB Sl 38

T & Cp vs. x/L (P=100 atm, T=120 k)

] )
3500 |- th 93 — 3500
3000 [ ]
- - 3000
2500 [
= 2500 %
- N i =]
n-_ZODD - E
E N “ g =
@ o
= 1500 - 2000 ©
- cp_real |
1000 T _real
B cp_ideal =1 1500
N - T_ideal
500 |~ .
) Ly — 1000
0 0.2 1

x/L
Figure 8- Temperature and constant specific heat vs. normalized length for ideal and real gas condition
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Figure 9- Density distribution vs. normalized length for ideal and real gas conditions in 10 bar
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Figure 11- OH mass fraction distribution vs. normalized length for ideal gas condition and various oxygen temperature
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Figure 12- OH mass fraction distribution vs. normalized length for real gas condition and various oxygen temperature
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Figure 13- Density distribution vs. normalized length for ideal gas condition and various pressure
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Figure 14- Density distribution vs. normalized length for real gas condition and various pressure
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Figure 15- Temperature distribution vs. normalized length left) ideal gas and right) real gas for 60 atm
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Figure 16- Density distribution vs. normalized length left) ideal gas and right) real gas for 60 atm
S P HLAS Gl g (Cawly Caouw) (2819 355 (O (e Coouw) JUu | 3 (AN) alals Job jo JBs au3e5 —1F S0

ay



L2, 63 5 (D8 St i rde (e gy el

0.1 0.1
Ideal Gas i Real Gas
- - T=120K
i T=120K 2 WL\ - == = T=180K
[ \ - - - = TaIBOK - N, S T=200 K
[ QS —e—ee- T=200 K [ 1 e Taalk
- O 3 ———— T=800K - O
) L At () L
Q | @
£ ' £
Z00sf S5 >00sf
] [ G
2 : S
[} 5 [}
> oaf Z oaf
215 % 215
r W [
NS
L " 1 1 " 1 " i " 1 " L " L 1 " 1 " " 1 " " 1 "
02, 02 1 02, 0.2 8 1

0.4 0.6 08 0.4 0.6 0.
Normalized Axial distance (x/L) Normalized Axial distance (/L)

Figure 17- Velocity distribution vs. normalized length left) ideal gas and right) real gas for 60 atm
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In the present paper, a laminar counter-flow flame has been numerically investigated under the transcritical
and supercritical conditions. The Cantera open source code has been used to calculate the flow field and the
kinetic combustion solution. Furthermore, the energy equation, the thermodynamics and the transport
properties have been modified for real gas solution. The thermodynamics properties, including density,
enthalpy, and specific heat at constant pressure, are evaluated based on fundamental thermodynamics theories
and the modified SRK equation of state (EOS). Transport properties, including thermal conductivity and
dynamic viscosity, are estimated using Chung method. It can be seen that the pseudo-boiling phenomenon has
been appeared in transcritical condition with real gas equations. The ideal gas solution is unable to capture
this phenomenon. In the mixture fraction field, there is no major difference between the real gas and the ideal
gas, which is important for solving the turbulent reacting flow by the flamelet models. However In the
physical field, the difference between the real gas condition and the ideal gas is significant in terms of the
position and dimensions of the flame for the transcritical state. For supercritical conditions in the physical
field similar to mixture fraction field, there is no significant difference in the flame situation.

Keywords: Counter-flow flame, Transcritical flame, pseudo-boiling phenomenon, Cantera code, One-
dimensional solution
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