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As humanity aims for deeper space exploration, sustained interplanetary missions and potential 

terraforming, traditional finite onboard propellant is not enough -as the fuel determines: how far, how fast, 

and how long missions can travel.  Electric plasma propulsion, such as ion thrusters, provide a far more 

efficient alternative, achieving exhaust velocities 10 times greater (50 m/s compared to 5km/s) but are still 

limited by propellant. Inspired by the need for deep space exploration, I innovated the VARION (Versatile 

annular ion thruster) system, which aims to overcome these limitations by letting a spacecraft “Self-refuel”.  

VARION is a multi-propellant gridded electrostatic thruster that works in both space and in atmospheres. 

In planetary orbit, VARION collects atmospheric gases such as CO2 on Mars and uses it as propellant for 

sustaining orbit. The new annular geometry increases lifespan, power handling, thrust density and 

scalability.  

I created a Zero-Dimensional analytical model implementing plasma physics, rocket science, 

NRLMSIS 2.0 atmospheric data, and Mars exponential atmosphere model. This model calculates 

performance parameters/ plasma properties including beam current density, ion exhaust velocity, thrust 

force and various efficiency metrics by taking a set of inputs - thruster geometry, acceleration voltage, 

propellant data, etc. I validated my model against the NASA NEXT ion thruster data, achieving ~95% 

accuracy in performance calculations which confirms the model's reliability. I designed & built a functional 

3D-printed prototype using CAD software that demonstrates electron emission and ion acceleration 

principles using ring-cusp magnetic field and copper grid electrodes in ambient atmosphere. 

In space, VARION performs like a modern ion thruster, confirming the model realistically. In Mars, 

VARION produces 10x more thrust than required for orbiting at low power and 100x more at higher power. 

However, it produces significantly less thrust on Earth which informed me that the atmospheric 

composition is crucial for its viability.  VARION performs optimally in thin atmospheres like Mars, 

comprising gases with large molecular cross section and low ionization energy such as CO2 and heavy  

My innovation, the VARION thruster, is a first-of-its-kind that uses atmospheric gases to enable self-

sustaining travel. This makes it the best choice for long duration missions such as mars missions, asteroid 

mining and station keeping. I hope that one day, this will enable us to travel faster than ever, further than 

ever and quicker than ever. 

How I plan to expand it:  Use a more advanced non-linear system model which I am working on currently 

and build real scale thruster and perform vacuum testing with different planetary gases. 



By Kushal Polamarasetty 

Acknowledgement : I am grateful for my parents who supported me for my project and the school for 

first giving me this opportunity to do a project for science fair as I am able to compete in YIS with it now. 

References 

Emmert, J. T., Drob, D. P., Picone, J. M., Siskind, D. E., Jones, M., Mlynczak, M. G., & Yee, J.-H. (2021). 

NRLMSIS 2.0: A whole-atmosphere empirical model of temperature and neutral species densities. Earth 

and Space Science, 8(3), e2020EA001321. https://doi.org/10.1029/2020EA001321 

Goebel, D. M., & Katz, I. (2008). Fundamentals of electric propulsion: Ion and Hall thrusters. John Wiley & 

Sons. https://doi.org/10.1002/9780470436448 

King, S., Walker, M., & Chianese, S. (2011). Ambient Atmosphere Ion Thruster (AAIT) Proof-of-Concept 

Modeling. 47th AIAA/ASME/SAE/ASEE Joint Propulsion Conference & 

Exhibit. https://doi.org/10.2514/6.2011-6000 

NASA Glenn Research Center. (n.d.). Atmospheric model. Retrieved October 25, 2025, 

from https://www.grc.nasa.gov/www/k-12/airplane/atmosmrm.html 

Picone, J. M., Hedin, A. E., Drob, D. P., & Aikin, A. C. (2002). NRLMSISE-00 empirical model of the 

atmosphere: Statistical comparisons and scientific issues. Journal of Geophysical Research: Space Physics, 

107(A12), SIA 15-1–SIA 15-16. https://doi.org/10.1029/2002JA009430 

Romano, F., Massuti-Ballester, B., Herdrich, G., & Komurasaki, K. (2022). A review of air-breathing electric 

propulsion: From mission studies to technology verification. Aerospace Systems, 5, 213–

231. https://doi.org/10.1007/s42401-022-00130-4 

Sankovic, J. M., Haag, T. W., & Patterson, M. J. (2013). Annular ion engine (U.S. Patent No. 8,468,794). 

U.S. Patent and Trademark Office. https://ppubs.uspto.gov/api/pdf/downloadPdf/8468794 

Schönherr, T., Komurasaki, K., Romano, F., Massuti-Ballester, B., & Herdrich, G. (2015). Analysis of 

atmosphere-breathing electric propulsion. IEEE Transactions on Plasma Science, 43(1), 287–

294. https://doi.org/10.1109/TPS.2014.2364053 

Sharma, G., Nambisan, N. P., Sarath, O., & Vishnu, T. P. (2016). Design and prototype of flyback 

transformer driven electrohydrodynamic thruster. In 2016 7th India International Conference on Power 

Electronics (IICPE) (pp. 1–6). IEEE. https://doi.org/10.1109/IICPE.2016.8079390 

Stanikam, A. G., Badachi, C., U. L., Sinha, U., & Y. A. (2024). Development of Ionic Propulsion Thruster. 

In *2024 8th International Conference on I-SMAC (IoT in Social, Mobile, Analytics and Cloud) (I-

SMAC)* (pp. 431–439). IEEE. https://doi.org/10.1109/I-SMAC61858.2024.10714847 

Wertz, J. R., & Larson, W. J. (Eds.). (1999). Space mission analysis and design (3rd ed.). Microcosm Press. 

Withers, P. (2006). Mars atmospheric models and their use in entry, descent and landing 

simulations. Planetary and Space Science, 54(4), 349–360. https://doi.org/10.1016/j.pss.2005.12.002 

https://doi.org/10.1029/2020EA001321
https://doi.org/10.1002/9780470436448
https://doi.org/10.2514/6.2011-6000
https://www.grc.nasa.gov/www/k-12/airplane/atmosmrm.html
https://doi.org/10.1029/2002JA009430
https://doi.org/10.1007/s42401-022-00130-4
https://ppubs.uspto.gov/api/pdf/downloadPdf/8468794
https://doi.org/10.1109/TPS.2014.2364053
https://doi.org/10.1109/IICPE.2016.8079390
https://doi.org/10.1109/I-SMAC61858.2024.10714847
https://doi.org/10.1016/j.pss.2005.12.002


By Kushal Polamarasetty 

 

 

 

 


