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 For high speed aircrafts the conventional three dimensional nozzles or variable 

area nozzles are not practically suitable because of its high weight and base drag. To get better 

performance of the vehicle, nozzle performance has to be optimized. Single expansion ramp 

nozzle (SERN) is the best suitable candidate for the hypersonic vehicles as it uses effectively 

the lower surface of the vehicle itself. The underside of the vehicle’s after body is used as 

external expansion ramp, reducing weight and skin friction drag as compared to conventional 

nozzle. The present work deals with the study of theoretical calculation and computational 

optimization for the design of a SERN for the supersonic regime, ranging effectively between 

Mach numbers 2-4. Theoretical calculations are carried out for different geometries with certain 

assumptions. Based on the initial calculation and with the help of Method of Characteristics, 

nozzle configuration with similar axisymmetric convergent portion and distinct non-

axisymmetric divergent portions are drafted. Commercial CFD software with Navier Stokes 

code is used for the computational studies. The study begins with a simple upper flat ramp at 

different angles with a very small lower cowl at fixed angles. The divergent section of a 

conventional three dimensional nozzle is used as the upper ramp of the SERN. The study 

includes the variation of the ramp at different angles ranging from 16 deg. to 24 deg. with 2 deg. 

intervals and the cowl angle ranging from 0 deg. to 6 deg. with 2 deg. intervals. The 

performance parameters like Thrust, Normal force and Mach Variation for these different 

contours are analyzed and compared. The various parameters used are nozzle length, cowl 

length, ramp-angle, and shape of the upper ramp. The shape of the SERN is optimized for the 

design parameters. The grid sensitivity computational analysis is also performed before 

finalizing the grid for study. 
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