
Case study

Analyzing the feasibility of concave surface 
in space shuttles with scFLOW
Lakireddy Bali Reddy College of Engineering (LBRCE) uses scFLOW 
to explore the impact of concavity of re-entry vehicle for space 
shuttles on flow physics and thermal pattern

The Department of Aerospace Engineering at LBRCE 
was established in the year 2011. The department has 
published many research papers and has participated 
in several research activities. It is also equipped with 
state of the art laboratories. It also has separate 
research groups for Aerodynamics and Aircraft 
structures.

The Department boasts of a number of research 
publications and research activities and is also 
equipped with a number of state-of-the-art 
laboratories.

Challenge 

The Department was working on a project to design 
a reusable spacecraft. In the design of any reusable 
spacecraft, one important factor for success is the 
ability of the spacecraft to survive numerous re-entry 
conditions. In order to achieve this, the research team 
was keen to explore how the concavity of the re-entry 
vehicle with varying eccentricities changes the flow 
physics and thermal pattern. In general, the re-entry of 
almost all reusable space shuttles resembles a flat plate 
at high angles of attack because of its flat windward 
surface.

To solve this problem, the team was using a full three-
dimensional Navier-Stokes equation. In this method, 
the equation is solved over a thin concave plate at 
different angles of attack to hypersonic flow. The peak 
temperature and drag coefficients of different eccentric 
plates are compared with that of a flat plate normal to 
the flow. The air is assumed to be thermally perfect gas. 
The total heat transfer rates and peak heat fluxes of 
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concave plates with varying eccentricities are compared 
with the flat plate.

The Aerospace Department was using commercially 
available analysis tools for this research application.

However, the ability of the software to handle such 
high-speed flow physics was limited. For high-speed 
compressible flows, the team was facing high instability 
in the solver. In addition, there were certain challenges 
with respect to the stability, convergence, and accuracy 
of simulation data when compared with the available 
literature.

Solution

To counter some of the issues listed, the team began to 
use MSC Software’s commercially available solver scFLOW 
V14.1 to computationally analyze the feasibility of the 
concave ventral surface used in space shuttles. Using 
the best-in-class divergence control methods available 
in scFLOW, the team was able to address issues around 
divergence as well as high instability in the solver.

In addition, with MSC Software’s flexible licensing system, 
the team was able to run three simulations simultaneously, 
thereby saving time. The project also leveraged scFLOW’s 
superior scalability features, which proved to be helpful 
for faster solutions.

Benefits

With scFLOW, the team was able to accrue a number of 
significant advantages as detailed below:

Time savings: The students were able to significantly cut 
down on the overall simulation time due to features such 
as a fast automated mesher, powerful solver capabilities, 
and speed with effective divergence control methods, 
along with very powerful post-processing. Also, the ability 
of scFLOW to parallelize at every stage of CFD simulation 
proved helpful to reduce simulation time.

As a result, the student team was able to perform 
intensive research in such a complex area in one just 
one month, enabling them to submit a research paper 
at one of the prestigious conferences, the 46th National 
Conference on Fluid Mechanics and Fluid Power (FMFP), 
being held from December 9-11, 2019, at the PSG College of 
Technology, Coimbatore, India.

Ease of Use: Students who used scFLOW found it to 
be easy to use, especially when it comes to processes 
such as discretization or the solver setting methodology. 
The team was also impressed with the post-processing 
capabilities of cradle software, which was also used in the 
project.

Key highlights:

Product: scFLOW

Industry: Aerospace

Challenge: Exploring impact of concavity of re-entry vehicle for 
spacecraft on flow physics and thermal pattern

Solution: scFLOW V14.1 was used to computationally analyse the 
feasibility of concave ventral surface used in space shuttles
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Fig 1: The Two-dimensional view of a reusable space shuttle.
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Learning Opportunity: Under guidance from MSC 
Software, students had the opportunity to interact and 
work with highly knowledgeable engineers and gain a 
better understanding of their technology and working 
methods. This plays an important role in paving the path 
towards becoming industry-ready professionals.
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