Non-Vacuum Gravity Simulator: Alex Taylor

by: Plamen Nikiforov
Alex Taylor is 18 years old, in his first year studying Aeronautical Engineering at Loughborough University(UK). He’s good at maths, physics and computing, with maths being his strongest point academically.

Why did BRL-CAD interested Alex?

“BRL-CAD interests me because I have some background in CAD and modelling work and I expect to be doing a lot more of it as the years progress on my course and potentially in a working environment in the future. The simulation project caught my eye specifically, as whilst I am interested in several of the ideas, simulations are an area I like to use and would be very interested in improving.”

Why did he choose to improve the Non-Vacuum Gravity Simulator?
“Because the current simulation available in BRL-CAD has not been developed in depth, and is quite limited in its implementation. It can currently only simulate very basic situations in vacuums.”

What were his aims of the project?

“For this project I aim to vastly improve this area by adding additional features such as Improved Gravitational System and Fluid Dynamics.”

Something more about the Improved Gravitational System?

“The simulation currently can certainly handle gravity, however only at a basic level of things falling to the ground. As far as I can tell, it is very lightly implemented, just passing a value of -10 for gravity to the bullet class, this would be replaced by a separate function that would take into account the gradual increase of the acceleration due to gravity since at 500km away from Earth gravity is a fair amount smaller, and simulating that distance would make a noticeable difference between a standard value of 9.81 and the true values. I would want to improve this to take into account other user specified masses. For example, if something were to drop from orbit, there would be a sizable gravitational force upon it from the Earths’ moon. Furthermore, if we are simulating several large objects, to increase accuracy it would be ideal for the simulation to take into account the gravitational pull each object will have on the others, however minor it is. This function would need to be called repeatedly, to calculate the gravity for each step of the simulation to allow for it to constantly change. There will be some overhead will this of course, however the calculate is very simple. It would vary however, depending on the Gravitational Constant, which is different for different masses. This would be user input with presets (Planets in the Solar System, and some others) available.”

And about the Fluid Dynamics?

“This is an area with hugely far reaching possibilities, with CFD potential in the long run, and open source libraries such as OpenFVM being available, however to begin with I intend to keep this relatively simple. To start with, this would consist of having a user-defined fluid, or more specifically if desired, the density of the fluid. From this the software would be able to calculate an estimate of the drag coefficient and thus drag which will result in a more correct representation in the simulation if a user wished to see the position of an object at certain time intervals. I would also want to add the functionality for a variable fluid as this would allow the density to increase say if an aircraft was simulated to drop from 30,000 feet. This would involve the creation of several functions that would include calculating the surface area of the object facing perpendicular to the firm plane, a function to either calculate or retrieve (if it is a standard shape) the value of its coefficient of drag, which would then be passed to a larger set of functions and it would more or less directly counter gravity. This does open up another potential path of functions, for moments. Now, whilst calculating the drag on the surface of the object is a good start, there is much more potential that would allow for the calculation of the rotation of the object as it falls through space, by resolving the forces caused by drag. This would of course mean that the center of gravity of the object will need to be found, and that is relatively easy to do, but will depend on how complex the shape is and may require some estimation. An issue with objects rotating is that they will create variable drag, and whilst the software will be able to calculate the drag at every point in the simulation, there will be a loss in accuracy since the fluid will be assumed to be moving at a user pre-defined velocity, and this won’t be affected by the motion of the object as it realistically should be.”

