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[bookmark: _GoBack]The goal of the SIA Project is to design, set up, and operate a schlieren imaging system for use within the HYPER Laboratory at Washington State University. This includes an imaging aid to consolidate a number of system elements. This system will rely on ease-of-access and mobility to distinguish itself.
“Schlieren photography [is] a method of imaging localized changes of refractive index in transparent media” (1). It, “provides a single component of the density field rate-of-change” (2). Such a system could assist in analyzing hydrogen boiloff issues and provide unique reference photos for research and press releases, among other things. For instance, NASA has used Schlieren systems for a number of purposes including vacuum tests of rocket engines (2), shock wave visualization (1), and other aerodynamic phenomena (3). While these systems produce high quality results, they are large and impractical to move. 
There is a persistent gap in understanding on this front as few projects have attempted to make the system accessible beyond bulky high-grade research equipment while retaining high quality. The only project with a similar paradigm produced a small system for use with a smart phone (4). However, this system is limited by size, camera, and mirror quality. A jig to allow for schlieren imaging with a DSLR or other camera would solve the issues with the smartphone schlieren jig. This project aims to fill that niche.
The SIA Project will have three main phases. The first phase: set up a basic schlieren system. This is key to a successful project as it establishes initial practical knowledge and allows for troubleshooting down the road. The desired schlieren system is a variation of the knife-edge system (5). The two major differences are the use of a single mirror (6) and the use of a colored filter (7)(8). This system results in a simpler setup which will increase the portability of the system when combined with the SIA Project, while simultaneously providing colored images to further emphasize differences in refractive index.
The second phase: use CAD to design, build, and test a basic jig for the schlieren system. This product will be known as Schlieren Imaging Aid 1 (SIA1). The goal for SIA1 is to create a working jig for the materials present during phase one.
The third phase: After establishing SIA1 as a viable solution, development of a more versatile jig begins. This final product will be Schlieren Imaging Aid 2 (SIA2) and will be applicable with materials beyond the initial experimental ones. For instance, it could have adjustable sliders and attachments for filter and light placement with markings for various mirror systems. Future development of this project would seek to make a modular attachment for the SIA2 to employ close-up imaging using a small mirror (4).
A 3D printed base to hold the camera, point light, and filter would solve a major issue regarding portability and only cost the amount of filament used (about $0.06/gram depending on printing material) coming out to no more than $15-20 for the final product, and likely no more than $150 for all iterations. Other materials such as the mirror, light, and filter, could increase the cost by another $100-300 for a total maximum cost of $450.
The SIA Project will be a boon to the HYPER Lab at Washington State University not only as a way to analyze hydrogen boiloff, but other cryogenic and aerodynamics related phenomena as well, all in a user-friendly and mobile way.
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