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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
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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. 
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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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Fig. 6 Design diagrams of diffuser for altitude test of proposed motor: 
the outputs of present algorithm.  
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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. 12 Diffuser inlet Mach number (Md) versus combustion pressure 

12 ) Md (  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

8.
31

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

                             9 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.8.31.8
https://mme.modares.ac.ir/article-15-7589-fa.html


    

     

  

168  1395168  

 .
"11" 

  

-5  

 .
 .

 .
--

-SST    .

 .
 .

 
 .

 .

 .
 

 .

 .  

-6  
[1] P. F. Massier, E. J. Roschke,Experimental investigation of 

exhaust diffusers for rocket engines, Jet Propulsion Laboratory 
Technical Report, California Institute of Technology, Vol. 210, 
No. 32, pp. 1-101, 1962. 

[2] K. R. Manikanda, T. Sundararajan, M. D. Raja, Pressure variation 

in thrust chamber during high altitude simulation, 47th AIAA 
Aerospace Sciences Meeting including The New Horizons Forum 
and Aerospace Exposition, January 5-8, Orlando, Florida, 2009. 

[3] B. H. Park, J. H. Lim,W. Yoon, Fluid dynamics in starting and 
terminating transients ofzero-secondary ow ejector, 
International Journal of Heat and Fluid Flow, Vol. 29,No. 1, pp. 
327–339, 2008. 

[4] B. H. Park, J. H. Lee, W. Yoon, Studies on the starting transient of 
a straight cylindrical supersonic diffuser: Effects of diffuser 
length and pre-evacuation state, International Journal of Heat and 
Fluid Flow, Vol. 29, No. 5, pp. 1369–1379, 2008. 

[5] H. W. Yeom, S. Yoon, H. G. Sung, Flow dynamics at the 
minimum starting condition of a supersonic diffuser to simulate a 
rocket’s high altitude performance on the ground, Journal of 
Mechanical Science and Technology, Vol. 23, No. 1, pp. 254-261, 
2009. 

[6] S. Sankaran, T. N. V. Satyanarayana, K. Annamalai, K. 
Visvanathan, V. Babu, T. Sundararajan, CFD analysis for 
simulated altitude testing of rocket motors,Canadian Aeronautics 
and Space Journal, Vol. 48, No. 2, pp 153-162, 2002. 

[7] J. Chen, Z. G. Wang, J. P. Wu, W. W. Xu, Effect of the second-
throat on the performance ofsupersonic-supersonic ejectors, 
Progress of Projects Supported by NSFC, Vol. 55, No. 9, pp. 
2530–2537, 2012 

[8] H. G. Sung, S. Yoon, H. Yeom, J. Kim, Y. Kim, Y. Ko, Y. Kim, S. 
Oh, Study on design- and operation- parameters of supersonic 
exhaust diffusers, 46th AIAA Aerospace Sciences Meeting and 
Exhibit, January 7-10,  Reno, Nevada, 2008. 

[9]  B.  H.  Park,  J.  Lim,  S.  Park,  J.  H.  Lee,  W.S.  Yoon,  Design  and  
analysis of a second-throat exhaust diffuser for altitude 
simulation,Journal of Propulsion and Power, Vol. 28, No. 5, 
pp.1091-1104, 2012. 

[10] P. Ducasse, Rocket altitude test facilities register, Report No 297, 
pp 3-6, France, Advisory Group for Aerospace Research and 
Development, 1987. 

[11] J. D. Anderson, Fundamentals of aerodynamics, 5th Edition, pp 
515-599,  New York: McGraw-Hill, 2011. 

[12] R. M. Kumaran, T. Sundararajan, D. R. Manohar,Simulations of 
high altitude tests for large area ratio rocket motors, AIAA Journal, 
Vol. 51, No. 2, pp. 433-443, 2013. 

[13] Y. Bartosiewicz, Z. Aidoun, P. Desevaux, Y. Mercadier, 
Numerical and experimental investigations on supersonic ejectors, 
International Journal of Heat and Fluid Flow, Vol. 26, No. 1, pp. 
56–70, 2005. 

[14] S. Kim, S. Kwon, Starting pressure and hysteresis behavior of 
anannular injection supersonic ejector, AIAA Journal, Vol. 46, No. 
5, pp. 1039–1044, 2008. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

8.
31

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

11
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.8.31.8
https://mme.modares.ac.ir/article-15-7589-fa.html
http://www.tcpdf.org

