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 The design of combustor has long been the most challenging portion in the design process of a gas 
turbine. This paper focused on the conceptual design methodology for aircraft combustors. The 
necessity of this work arose from an urgent need for a comprehensive model that can quickly provide 
data in the initial phases (conceptual design and preliminary design) of the design process. The 
proposed methodology integrated the performance and the design of combustors. To accomplish this, a 
computer code has been developed based on the design procedures. The design model could provide the 
combustor geometry and the combustor performance. Based on the available inputs data in the initial 
phases of the design process, a chemical reactor network (CRN) approach is selected to model the 
combustion with a detailed chemistry. In this way, three different chemical mechanisms are studied for 
Jet-A aviation fuel. Furthermore, the droplet evaporation for liquid fuel and the non-uniformity in the 
fuel-air  mixture  are  modelled.  The  results  of  a  developed  design  tool  are  compared  with  data  of  an  
annular engine’s combustor. The results have good agreement with the actual geometry and outputs of 
engine test rig emissions. 
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Fig. 1 Flowchart of the combustor design procedure 
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Fig. 2 Reference diameter for different combustor configurations 
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Fig. 3 Model and design parameters of an annular step diffuser 

3    



    

        

13951610  433  

  . 
)  Machan (

 ) 20 ( 
[4]. 

)20(  =
1

,
 

  
 ( )

)  (   
2  .)21( 

   

)21( = 0.25 = 0.25  

4-4-   

 ( )   .
)22( [21]. 

)22(  = sec  

 45 70 
 .  1.3  

1.15 
)  (  

3-12  . 8-10 
[4].  

)  (
) 23 (

  

)23(  =  

)24 ([6,3].  

)24(  Swirl_number =
2
3 tan

1

1
 

   .
  0.6   

  

  
Fig. 4 Schematic of the snout 

4   

  4 -5 -    
5 

 . » 
1 « [22] . 

 . 
 .

  
   .

)   .25 (
  

)25(  = 4 1 + 2 + 4  

    60 
) 26 ( 

5 
)27 (  

)27(  = + 4  

 .
) 28 ([6,3].  

)28(  = × Swirl_number 

4-6-     
2  3  

  .    
   .

  .
  

  .
))  (29 ([3].  

)29(  = 1.15 . sin  

  

Fig. 5 Schematic of the recirculation zone 
5   

1 Magic Circles 
2 Secondary zone 
3 Dilution zone 

)26(  = 2 tan( ) 



    

        

  

434  13951610  

  
)  ( ) 30 (  

)30(  = =  

 
  . 

) 32 (
 . ) 

 ) 31 (  

)31(  =  

 
 

)  .32 (
  

)32(  = =  

 ) 33 (
 [3].  

)33(  sin = 1
q

 

  
  .

  ( ) 
 . 

)  (  0.5-1 [19,6].  

5 -  
 

 .    

 . 
   

-6  CRN  
 ) CRN ( 

  .
   

 . 
 .

 . 
 . 
  .

 ( ) 
   

   
  

  .
  .

)34(  [23].  

)34(  Damkohler =  

 
  

 . 
    

 6   .
 PSR 

 . 
 

PSR  . PFR 
  .

   
  

JP-8 
 .   

   
 

  . 
   

6-1-   
 

 ( )  .
  . 

  
 NOx    

 .
  

   .  .  
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Fig. 7 Mixing parameter as a function of primary zone equivalence 
ratio 
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Fig. 9 NO molar fraction versus equivalence ratio for a single PSR 
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Fig. 10 CO molar fraction versus equivalence ratio for a single PSR 
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Table 2 Cycle parameters of the CFM56 engine combustor 

   
)kg/sec(  

  
)kg/sec(  

 
)kPa(  

 
)K(  

  

1 44.52 1.276 2900 800 0.42 
 2 39.10 1.040 2477 764 0.39 

 3 20.87 0.349 1132 613 0.245 
4 12.12 0.119 559 505 0.144 

3 )  
Table 3 Combustor reference diameter values (meter) 

      
 1.05E-01 1.14E-02 1.26E-01 1.99E-01 1.22E-01 

  1.05E-01 1.37E-02 - 1.93E-01 1.24E-01 
 1.09E-01 1.63E-02 - 4.75E-01 1.36E-01 

 1.14E-01 3.70E-03 - 6.05E-01 1.49E-01 

4  CFM56  
Table 4 Comparing of the calculated values and actual geometrical data of the CFM56 engine combustor 

        
  0.0803 0.0795  

  0.1209 0.1189  
  0.0546 0.0531  

  0.0497 0.0597  
   0.0769 0.0648  

  0.0131 0.0140  
  0.0298 0.0307  

  0.2110 0.2083  
  0.3205 0.3073  

  0.0812 0.0800  
  0.0252 0.0265  
  0.0126 0.0130  

  0.0146 0.0145  
  0.0203 0.0230  
  0.0828 0.0749  

   0.0769 0.0625  
   80 80  
   122 120  

1 Take-off 
2 Climb 
3 Approach 
4 Ground-idle 
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Fig. 12 Generated 2D drawing of conceptual geometry for the CFM56 engine combustor 
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Fig. 13 Comparison of the predicted and the experimental NOx emission 
indices for different operating conditions of CFM56 engine 

Fig. 14 Comparison of the predicted and the experimental CO emission 
indices for different operating conditions of CFM56 engine 
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