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Integration of airframe and propulsion system is one of the most challenging steps in flight vehicle 
design cycles. In this paper, a three-dimensional supersonic inlet based on the wave-derived geometry 
technique has been designed and analyzed. Although the considered method was created for hypersonic 
forebodies, the idea is fully operational for the low supersonic inlet design at Mach 1.6. The inlet 
concept in this paper is formed from predefined profile elements which are used to generate the three-
dimensional geometry in an oblique shock pattern. By this approach, the curved corner of the inlet 
entrance edge can generate the same shock as the main compression surface and also these curved 
surfaces provide the optimum transition between entrance geometry and compressor face which is 
important for the airflow quality and propulsive efficiency. The new concept has been validated by a 
series of accurate CFD simulations with completely structural grid domains. The major inlet's 
performance factors like total pressure recovery, flow distortion and mass flow capture ratio are 
calculated. The concept and its accurate numerical simulations create a baseline for more advanced 
designs and researches about the three-dimensional inlets and geometry transition techniques between 
the different sections of duct. 
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Fig.  1 Multi-ramp variable geometry inlet, arrow 1 illustrates the 
circular corner and arrow 2 points to the sharp edge 
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Fig. 2 Inlet entrance for F-16 and F-22 
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Fig. 3 Mach contour of two dimensional inlet at start condition, 
M=1.60, result of solving Euler flow with the accuracy of 10E-05 
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Table 1 Dimensions and design details   
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Fig. 4 Perspective view of the inlet entrance 
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Fig. 5 Final CAD model for numerical simulations 
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Fig. 6 Perspective view of the mesh structure 
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Fig.  7 Close-up view of entrance, boundary conditions are: 1-
symmetric plane, 2-end of pressure-far field, 3-wall, 4-wall 
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Fig. 8 Mesh structure of subsonic diffuser 
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Fig. 9 Boundary layer displacement thickness factor 
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Fig. 10 1-longitudinal contours, 2-transversal contours on half-section, 
the flow uniformity of oblique shock at the circular corners is visible. 
for better view the cover section is transparent 
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Fig. 11 Mach counters at different sections 
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Fig. 12 H distribution in different transversal cross-sections 
12   

  
Fig. 13 Boundary layer displacement thickness distribution 
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Fig. 14 The effect of the angle of attack AOA=5o 
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Fig. 15 Total pressure distribution at AIP 
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Fig. 16 Mach counters distribution at AIP 
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Table 2 Performance parameters of the intake 
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Fig. 17 Total pressure recovery vs Mach and ramp angle 
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Fig. 18 Pressure distribution at different cross-sections, from beginning 
to the end of subsonic diffuser 
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Fig. 19 Pressure distribution on the diffuser (Pa) 

19    

 .            
  .          

            . 
               

            .    
             

    ""          .
            

              
  .          
            

     .  

 -6  
   
   
   

    
   

M   
    
   
   
   
  
   

   
   
  
     
   
   

 -7 
[1] J. Seddon, E. Goldsmith, Intake Aerodynamics, Second Edition, pp. 

161-187, AIAA Education Series, U.S.A, 1999. 
[2]  W. Steenken, Integrated inlet-engine compatibility by design, 45th 

AIAA/ASME/SAE/ASEE Joint Propulsion Conference, Colorado, 
U.S.A, pp. 17-25, 2009. 

[3] A. J. Eggers, H. Ashley, G. S. Springer, J. V. Bowles, M. D. 
Ardema, hypersonic waverider configuration from the 1950’s to 
the 1990’s, 31st Aerospace Sciences Meeting, Reno, U.S.A, pp. 25-
38, November, 1993. 

[4]  Y. Li, P. An, C. Pan, R. Chen, Y. You, Integration methodology for 
waverider-derived hypersonic inlet and vehicle forebody, 19th 
AIAA International Space Planes and Hypersonic Systems and 
Technologies Conference, Atlanta, U.S.A, pp. 64-78, June, 2014. 

[5] J. W. Slater, Methodology for the design of streamline-traced 
external-compression supersonic inlets, 50th AIAA/ASME/ASEE 
Joint Propulsion Conference, Cleveland, U.S.A, pp. 35-43, July, 
2014. 

[6]  R. Scharnhorst, An overview of military aircraft supersonic inlet 
aerodynamics, 50th AIAA Aerospace Sciences Meeting Including 
the New Horizons Forum and Aerospace Exposition, Nashville, 
U.S.A, pp. 12-19, January, 2012. 

[7] L. Hunter, J. Cawthon, Improved supersonic performance design 
for the F-16 inlet modified for the J-79 engine, 20th Joint 
Propulsion Conference, Cincinnati, U.S.A, June, 1984. 

 [8] L. Hunter, J. Hawkins, F-16 variable-geometry inlet design and 
performance, 17th Joint Propulsion Conference, Colorado Springs, 
U.S.A, pp. 19-40, July, 1981. 

[9]  A. L. Delot, R. Scharnhorst, Computational and experimental 
results for flows in a diffusing s-duct without and with flow control 
devices, 51st AIAA/SAE/ASEE Joint Propulsion Conference, 
Orlando, U.S.A, pp. 40-49, July, 2015.  

[10] F. R. Menter, M. Kuntz, R. Langtry, Ten Years of Industrial 
Experience with the SST Turbulence Model, Proceedings of the 
Fourth International Symposium on Turbulence, Heat and Mass 
Transfer, Antalya, Turkey, October, 2003 

[11]  L. Shi, R. Guo, Serpentine inlet design and analysis, 50th AIAA 
Aerospace Sciences Meeting including the New Horizons Forum 
and Aerospace Exposition, Nashville, U.S.A, pp. 55-64, January. 
2012. 

[12]  E.L. Goldsmith, J. Seddon, Practical Intake Aerodynamic Design, 
Second Editition, pp. 9-11, AIAA Education Series, U.S.A, 1993. 

 [13]  Ph. M. Gerhart, L. J. Bober, Comparison of several methods for 
predicting separation in a compressible turbulent boundary layer, 
National Aeronautics and Space Administration, NASA report, pp. 
112-131, 1974. 

[14] J. W. Slater, Design and analysis tool for external compression 
supersonic inlets, 50th AIAA Aerospace Sciences Meeting, 
Tennessee, U.S.A, pp. 28-40, January, 2012. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

11
.3

7.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://dorl.net/dor/20.1001.1.10275940.1395.16.11.37.0
https://mme.modares.ac.ir/article-15-7791-fa.html
http://www.tcpdf.org

