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Introduction: Space transportation systems rely heavily on efficient stage separation 
mechanisms to achieve mission objectives such as orbital insertion, payload deployment, or 
crew transfer. Stage separation aerodynamics play a crucial role in ensuring safe and stable 
separation of rocket stages or spacecraft modules. Computational Fluid Dynamics (CFD) 
analysis offers a powerful tool for simulating and optimizing these aerodynamic processes. 
This case study presents the application of CFD in analyzing the stage separation 
aerodynamics of an upcoming space transportation system. 
Objective: The primary objective of this study is to assess the aerodynamic forces and 
moments acting on the stages during separation to ensure a controlled and stable separation 
process. The analysis aims to optimize the design parameters such as separation velocity, 
angle of attack, and separation mechanisms to minimize aerodynamic loads and mitigate any 
potential risks. 
Methodology: 
1. Geometry Modeling: The geometries of the rocket stages or spacecraft modules 
involved in the separation are modeled using CAD software. The models include detailed 
representations of the outer surfaces, including protrusions such as fins, fairings, or payload 
adapters. 
2. Mesh Generation: A high-quality computational mesh is generated around the 
geometries using mesh generation software. The mesh should capture the boundary layer 
effects, shock waves, and separation interfaces accurately. Special attention is given to 
resolving regions of high aerodynamic gradients near the separation interfaces. 
3. CFD Simulation Setup: The CFD simulation setup includes defining the flow 
conditions, such as Mach number, pressure, and temperature, corresponding to the operating 
conditions during separation. The governing equations of fluid dynamics, including the 
Navier-Stokes equations, are solved numerically using CFD software. 
4. Boundary Conditions: Boundary conditions are applied to simulate the interaction of 
the stages with the surrounding flow field. These include inflow conditions upstream of the 
separation point, slip walls representing the outer surfaces of the stages, and outflow 
conditions downstream to simulate the flow field evolution post-separation. 
5. Solver Settings: The CFD solver settings, such as turbulence model selection, 
numerical schemes, convergence criteria, and time integration methods, are configured to 
ensure accurate and efficient simulation results. 
6. Analysis: The CFD simulation provides detailed information on the aerodynamic 
forces (lift, drag, and side forces) and moments (pitch, yaw, and roll) acting on the stages 
during separation. Post-processing techniques such as contour plots, streamlines, and 
force/moment coefficients are used to visualize and interpret the results. 
Results: The CFD analysis yields insights into the aerodynamic behavior of the stages during 
separation, including: 
 Distribution of aerodynamic forces and moments along the surfaces of the stages. 
 Identification of regions of high aerodynamic loading and potential separation 
disturbances. 



 

 

 

 Evaluation of the effectiveness of separation mechanisms such as pneumatic pushers, 
springs, or pyrotechnic devices. 
 Optimization of separation parameters such as timing, velocity, and orientation to 
minimize aerodynamic loads and ensure safe separation. 
Conclusion: CFD analysis serves as a valuable tool for evaluating the stage separation 
aerodynamics of next-generation space transportation systems. By providing detailed 
insights into the flow physics and aerodynamic forces acting on the stages during separation, 
CFD enables engineers to optimize the design and operation of space vehicles for enhanced 
safety, reliability, and performance in mission-critical scenarios. 
 
 
 
   


