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Abstract 
 

Computational Fluid Dynamics (CFD) analyses of the axisymmetric circular-arc boattail nozzle model[1] from NASA 

are performed in this study to investigate both the external and internal flow field around the exhaust plume for both the 

transonic and supersonic regimes. The nozzle geometry corresponding to supersonic cruise is selected as the validation 

case[1]. The assumptions, inputs, and cases are based on previous studies [2],[3]that used experiment[1] as the validation 

case. External afterbody and internal nozzle pressure distributions are computed and compared with experimental data. 

Moreover,Mach number contours are generated to interpret the flow field. An unstructured grid is generated via ANSYS 

Workbench for the analyzes. The steady-state analyzes are performed at freestream Mach numbers of 0.9 and 1.2. At a 

freestream Mach number of 0.9, nozzle pressure ratios (NPR) of 4 and 6 are used. However, for a freestream Mach number 

of 1.2, an NPR of 4 is used, as in a previous study of Dalbello et al.[2]. Three different grids are generated for 2D, 3D 

quarter and 3D full geometries. NPR of 4 at freestream Mach number of 0.9 is run for the 3D full geometry grid merely. 

ANSYS Fluent and SU2 CFD solvers are utilized to perform analyses. For all 2D and 3D quarter grids, the Roe for flow 

convection scheme is used with two different turbulence models, namely Spalart Allmaras (SA) and Shear Stress 

Transport (SST). The results of ANSYS Fluent for a Mach number of 1.2 in the freestream show an oscillatory behavior 

in the pressure distribution of the external afterbody. Then, different grids are generated to overcome this oscillation and 

the results are examined. Next, a grid is generated for a 3D quarter geometry that fits the results of the experiment with 

minor differences. For the 3D full geometry,  Roe and JST flow schemes in SU2 are used with the SA and SST turbulence 

models. In addition, the pressure-based coupled solver of ANSYS Fluent is used instead of the density-based solver of 

ANSYS Fluent. The Roe convective flow scheme with the SST turbulence model in SU2 yields the best overall agreement 

with the experimental data. 
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