Research Objectives

Physics-based Formulation of Tailored lonic Liquid (||_) Goal: Develop a physics-based systematic approach to design eutectic IL

Mixtures for Spacecraft Thermal Control mixtures with extremely low melting point (< 150 K).
Innovation: A single-fluid, single-phase coolant that remains liquid below 150 K

. and has a negligible vapor pressure can simplify spacecraft thermal
PI: Prof. Sayan Blsqu _ _ management, resulting in improved efficiency, flexibility, and safety.
Department of Mechanical Engineering Comparison to SOA: No available refrigerants (ammonia, water, ethylene glycol,

Pl P P Ision L PL . . . . .
asma Power Propulsion Lab (3P Lab) HFE-7200, fluorinert, PCM, HFC) provides a single solution to challenging space
https://3p.umn.edu/ . :
missions, e.g., extremely cold lunar nights or

M low-power periods (due to high freezing

points), long interplanetary trips (due to high
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Physics-based modeling and
testing of eutectic IL mixtures
as future space coolant

vapor pressure and potential for leaks), and
high-temperature conditions closer to the
sun (due to low boiling temperatures).

Approach
TRL Start: TRL 1. Identify, select, synthesize,

Potential Impact
Space Exploration Benefits: lonic liquids (ILs)

Unique

and characterize promising eutectic IL property, offer the potential for improved thermal
; . 1 1 .| structure, & ; ; ; ;
mixtures. TRL End: TRL 4. Component and loniciliquid dynami(;s NASA’s lunar exploration concept control in a wide temperature range, including
system level proof-of-concept performance interplanetary missions. The efficiency
validation in the laboratory environment. of an IL coolant can result in lower power consumption and longer mission
TRL1 - 2 TRL2->3 TRL3>4 lifetimes. ILs have reduced toxicity and are compatible with existing cooling
""""""""""""""" STEP1 "t . . ..
I Volecular design & J outcome yields R STeP 3 hardware, which could enhance crew safety and mission success.
f synthesis E y Blnzfry& Jﬂl Lot
_ ) © W.v ot IR v Y Other Benefits: With the expansion of the nanosatellite and microsatellite
 Physics-based structure- : EasUlEVISCOSItY, Sy oy eutectic IL e Lab-scal
property framework e - densty, thermal - [ o SRR fundamental | " FrooFof industry, high-power payloads with smaller form factors will face surface area
« Molecular descriptor optimization conductivity, glass . ) . undamenta concept Y, hign-p pay
 Tailored binary/tertiary IL —~ transition & melting ll with melting point < heat transfer testing in C . . .. . .
ailored binary/tertiary 1L point, enthalpy, toxicity, | Bl AR experiments a lab-scale limitations for radiators to dissipate heat, would make eutectic IL liquid coolant
mixture database E J compatibility, etc. i viscosity, density, ::aiZ:il;rle cooling

t_[: J | ;szu;ti\i,ciitty;specmc Cempatibity, o:_c()jc;l;TEA a mission-critical technology for many future space missions; thereby opening
: { material compatibility [ up many new areas for space exploration.
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