




                                                                                                                                                               

combustor exit is consistent with the heat generated in the combustor. 

 

 
Figure 16 Temporal efficiency of A2-fuel heat release rates of various equivalence ratios.  

 
Figure 17 Temporal comparisons of normalized heat release rate and normalized T4 of Cat-A2 fuel 
at �I� ������������ 

The flow split between the three swirlers and the two rows of the dilution holes is computed and is shown 
in Figure 18. The total mass flow of all three swirlers that enters the forward combustor is about 18.24 % of 
the inlet mass which is larger than that of 15.9% of the inlet mass for the non-reacting case. The effective 
equivalence ratio from all the swirler flowrate is about 0.53. The primary equivalence ratio from the swirler 
flowrate, a quarter of the first dilution jet flowrate and the dome effusive cooling flowrate is around 0.38. 
The total mass flowrate of all two dilution rows that enter the combustor, forward and aft, is 24.06% of the 
inlet mass which is larger than that of the non-reacting mass flow, 22.4% of the inlet mass.  
In Figure 19, the normalized temporal evolutions of mass at inlet and at outlet are shown. The relative 
errors, 0.29% and 2.89%, are acceptable. 
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Figure 18 Temporal evolution of reacting mass flow split through three swirlers and two dilution 
holes of A2 fuel at �I� ������������ 

 
Figure 19 Temporal evolution of mass at inlet and at outlet of Cat-A2 fuel at �I� ������������ 

 
 
Case 3. Reacting flow simulations: Cat-C1 as the fuel 
The air related boundary conditions used in this case are the same as Case 1 and Case 2. 
 
The overall equivalence ratio selected for Cat-C1 fuel is also 0.096. It is a rather steady operating condition 
reported from the experimental data.   
The averaged formula of the Cat-C1 (Designation of POSF11498) is represented by C12.6H27.2. 

A reduced hybrid chemistry (Hychem) model[7]. is used for the mechanism of the real Cat-C1 fuel. The 
non-stiff version of the reduced mechanism consists of 26 species and 182 reactions for the purpose of 
lowering the cost of the finite chemistry simulations. 
 
The liquid boundary conditions are the same as the Case 2. 
The liquid properties are prescribed from T. Edward experimental database [5,6] that includes the density, 
heat capacity, viscosity and latent heat of vaporization, shown in Table 3. The gas properties are prescribed 
�I�U�R�P���+�����:�D�Q�J�¶�V���+�\�&�K�H�P���P�R�G�H�O��[7]. 
 
A middle slab cut of time-averaged axial velocity and averaged axial recirculation velocity are shown in the 
left and right panels of Figure 20. In Figure 21, the time-averaged transverse velocity on a middle slab cut 
Is shown. The bending of the dilution jets is noticeable.  
 
From Figures 22 to 24, the contours of time-averaged K-LES speed, pressure and temperature in a central 
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Figure 23 A middle slab cut of averaged pressure 

 
Figure 24 A middle slab cut of time-averaged temperature 

The time-averaged C1 mass fraction is shown in Figure 25. It shows that the injected liquid fuel is mainly 
vaporized in the swirler cup due to well organized recirculation zone shown in the right panel of Figure 20.  
The time-averaged OH mass fraction is shown in Figure 26. Temporal efficiencies of C1 fuel evaporations, 
heating rate and T4 for���I� ������������are shown in Figure 27 respectively. The evaporation rate for �I� ������������is 
stable and close to the injected rate, 0.002549 kg/s.  
 

 
Figure 25 Time-averaged C1(POSF11498) mass fraction in a central z-normal slab cut.  

 
Figure 26 Time-averaged LES OH mas fraction. (OH* is not available from LES predictions) 











                                                                                                                                                               

slab cut normal to the z axis are shown respectively. The higher speed accelerated in the exit area of the aft-
combustor could be contributed due to the chemical mechanism used.  The pressure distribution in the aft-
combustor compartment is quite uniform. The temperature distribution in the combustor is somewhat 
unsymmetrical and one higher temperature zone exists in lower portion of the combustor. The values of the 
temperature drop very quickly from the first row of the dilution hole to the second row of the dilution hole. 

 
Figure 21 A middle slab cut of averaged transverse velocity. 

 
Figure 22 Velocity magnitude in a central z-normal slab cut. 

Figure 20 A middle slab cut of (a) time averaged axial velocity and (b) time averaged axial recirculation velocity 
of Cat-C1 fuel at �I� ������������ 
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