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ABSTRACT

MEMS-based louver and shutter type conventional variable emissivity radiators change
their emissivity properties in accordance with a temperature condition to achieve efficient
thermal control performance. However, there are some drawbacks such as a structural
safety of the mechanical moving parts under sever launch environment and constant power
consumption to maintain the intended emissivity. In this study, to overcome above
drawbacks, we proposed a MEMS-based variable emissivity radiator, which can change the
emissivity property according to the polarity change of electrodes by using electric charge
of the bead. The effectiveness of the optimized radiator design has been demonstrated
through the comparison of efficiency with the fixed emissivity radiator.
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Fig. 3. TMM of Variable Emissivity Radiator
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Table 1. Orbit Parameters for Thermal Design
Parameter Orbit Condition
Cold Case \ Hot Case

Orbit Type Sun—-Synchronous
Orbit Inclination 20°
Attitude (km) 750

Solar Flux (W/m?) 1287 1420

Albedo 0.3 0.35

IR Flux (W/m?) 227 245

(a) Cold case (b) Hot case

Fig. 4. On-orbit Profile of TMM
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Table 2. Analysis Parameters for
Optimization Design

Optimization Design Sequence
Radiator Cover Material
LaRC™CP1 \ Silicon
Radiator Cover Optical Property
Cover Top (a/e) | Cover Bottom (a/e)
3 Bead Material & Optical Property
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Table 3. Thermal Analysis Results w.r.t
Material Variation of Radiator

Cover Height 1.1mm
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Cover Height 2mm

Cover Height 3mm | |
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Fig. 5. Thermal Analysis Results
Summary by Cover Location
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Table 4. Thermal Analysis Results Summary
with Various by Thermo-optical

Cover ,
Property on Radiator Cover
Material Type | Material Property | Tmin | Tmax Opiical Property
w/o Cover 8 | 445 Case Top (a/e) |Bottom (afe) Tmin | Tmax
k = 0.12W/mK 1 1.0/1.0 1.0/1.0 14 70
LaRC™CP1 | p = 434kg/m 12 | 49 2 0.15/0.91 | 0.15/0.91 7 45
G = 1094J/kgK 3 | 015091 | 091015 | 85 | 52
k = 148, 9W/mK 4 0.15/0.91 0.97/0.91 6.7 44
Silicon p = 2330kg/m® | 67 | 44 5 0.97/0.91 0.97/0.91 10 65
¢ = 0.198J/kgK o : Absorptivity ¢ : Emissivity
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Table 5. Optical Property of Bead
Bead Material Optical Property (a/e) 50
Alumina 0.1/0.3
Glass 0.1/0.9
Gold 0.48/0.82
Silicon 0.7/0.3
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Fig. 7. Performance Comparison between
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