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 In this paper, the design algorithm of a second throat exhaust diffuser applicable in altitude tests of large 
expansion ratio nozzles is presented. In this algorithm, the geometric parameters of the exhaust diffuser 
are classified into primary and secondary parts. The primary geometric parameters are calculated from 
normal shock theory incorporating with a correction coefficient. However, the secondary parameters are 
selected from the previously reported experimental results. Numerical simulation tool is utilized to 
satisfy the design candidates and to finalize the correction factor. Axis-symmetric compressible Navier–
Stokes equations incorporated with two equation k -SST turbulence model are solved to extract the 
supersonic exhaust diffuser flow features. As a first stage of numerical analysis, we use an unsteady 
pressure-based solver to accelerate the solution procedure. In the second stage, steady density-based 
solver is used to enhance the accuracy of our solutions. The current numerical method is properly 
validated by experimental reported results in the literature. Finally, we focused on simulation results of 
a designed diffuser and described the flow futures at different boundary conditions. The simulation 
results confirm that the designed diffuser is suitable for proposed altitude test.  
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Fig. 1 Schematic of a supersonic exhaust diffuser [6]. 
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Fig. 2 Schematic of a second throat exhaust diffuser
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Fig. 3 Present design flowchart of second throat exhaust diffuser
3 

 
Initialize parameters 

Ad/A* and  

Calculate diffuser main 
parameters 

Select diffuser other parameters 
from experimental reported results 

Calculate vacuum chamber 
pressure (Pvc) from CFD analysis 

Pvc < Pvc
max 

Calculate diffuser starting 
pressure P0, start 

End 

No 

No 

Yes 

Yes 
 

< 

From 
normal 
shock 
theory 

Increase 
parameter 

 

Update 
parameter 

Ad/A* 
 



    

     

1395168  163  

0.1 
0.1 

 .
0.1 0.01 

0.5 %
10  .

0.1   

  

-3  

  

-1-3  
  0 5 0 

8  .
-  .

  - 
[6,5] .

 - 
 .

   . -

 .

[5] .
 

 . -
 - 

 .
)  -1 (
 .

 -) 10-5 ( .
- 

 .
8 10 

 .
 --

 .-

- .

1 Under-relaxation parameters 

) 10  ( .1-4 

  

-2-3  

 .
 .

-
2 k-  [12,6,5] .

  .
 .

-SST  
[13] .
 .

-SST  
  

-3-3  
  .

 .

 ( )  
  

 3 
4 

5  .  

-4  

 .
 .

 

  

-1-4  
[9] 

 .
1    . 303    

2 Spalart–Allmaras 
3Pressure inlet 
4Pressure outlet 
5No slip flow and zero heat flux 



    

     

  

164  1395168  

1 [9]  
Table 1 The geometric parameter values of diffuser and nozzle 
expansion ratio in Ref. [9] 
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Fig.  4 Comparison of static pressure along the diffuser at the present 
numerical work with that of experimental work of Ref. [9] at P0=36.9 
atm, with three different turbulence modeling. 

4 
[9] atm 36.9  

1 Fluent 

50000 
25000 

"5"  .
   

 .
50000  -

 .  

2-4-  

 .
2  . 

53K 3400 
1.166  .

bar 30 50  .
  )P0

min (
bar 30 ) bar 30=P0

min.( 
53 bar 30

bar 0.05  .
)Pvc

max () bar 
0.05=Pvc

max.(  
  

 
Fig.  5 Comparison of static pressure along the diffuser at the 
present simulation with that of experimental work of Ref. [9] at 
P0=36.9 atm, with two different mesh sizes. 
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Table 2 Diffuser design considerations related to a given motor 
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Table 3 Design table for straight cylindrical diffuser 

Ad/A*  Mo  P0, start  1.2×P0, start    
70  0.1  37.75  45.30  30  
60  0.1  32.62  39.14  30  
55  0.1  30.15  36.18  30  

  
Fig. 6 Design diagrams of diffuser for altitude test of proposed motor: 
the outputs of present algorithm.  

6  :
  

 
4 

Table 4 Geometrical parameters of designed diffuser 
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Fig. 7 Contours of Mach number along the diffuser at various 
combustion pressures 
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Fig. 8 Mach number variation in center line of diffuser 
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Fig. 9 Contours of static pressure along the diffuser at various 
combustion pressures 
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Fig. 10 Static pressure along the diffuser wall at different combustion 
pressures. 
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Fig. 11 Illustration of Vacuum chamber pressure versus combustion 
pressure and hysteresis zone 
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Fig. 12 Diffuser inlet Mach number (Md) versus combustion pressure 
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