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A cooling system has been developed for the General Anti-Particle Spectrometer (GAPS) project by using the Oscillating Heat Pipe (OHP) technique. GAPS is a US-Japan cooperative balloon-borne space science project, which aims to contribute to solving the dark matter mystery through highly sensitive cosmic-ray anti-particle investigation [1]. To achieve a high sensitivity with suppressing the effect of the geomagnetic cutoff, GAPS plans to fly over Antarctica multiple times by long duration balloon starting around 2020. One of the most important technical components to be developed for GAPS is a thermal control system to cool plenty of core silicone detectors efficiently all at once. The heat source of the detectors are spread over a wide space of meter-scale detector volume. That is, the heat source has a feature that the total amount of heat is large but the heat flux is low. The detectors should be cooled down to their operation temperature below 238 K. Heat generated by the detectors must be transported to a radiator attached to the payload sidewall, which is away from the detectors, and must be dissipated to space by heat radiation. The heat transfer route between the detectors and the radiator must minimize its mass in the field of view. The power consumption and the weight of the thermal control system must be minimized, too. One prospective method to meet these thermal requirements is to use the closed-loop singlephase-fluid pumping method. Technically this method is feasible, but the pump will need nonnegligible amount of electric power and the heat transfer tube must be thick (resulting in a large mass). To overcome these weaknesses, we have developed an alternative method by adapting the OHP technique. OHP is a novel technique that can achieve heat transfer through a passive thermo-fluiddynamics process. An OHP consists of a meandering closed capillary tube going back and forth multiple times between a heating section and a cooling section. The pressure balance between vapor plugs and liquid slugs of working fluid in the capillary tube excites self-oscillated flow which primarily transfers the heat from the heating section to the cooling section. Therefore, in principle, the OHP operates with no electric power. Compared to the conventional heat pipe, the OHP has many advantages such as simple fabrication capability, lower sensitivity to its gravity, capability for a large amount of heat transfer, and adjustability to low heat flux. OHP is a novel technique and it has never been utilized in practical use neither for a spacecraft nor for a balloon-craft. In these several years, we have investigated OHP’s suitability for GAPS step by step. At first, we have succeeded in developing a scaled-down OHP model with a three-dimensional routing, which can operate in a wide temperature range around between 230 K and 300 K. We also succeeded in the first OHP flight demonstration with a prototype GAPS balloon experiment [2]. Subsequently, we developed actual-sized OHP models with various routings [3]. Numerical simulation models have been developed in parallel to further optimize the OHP design by understanding the OHP performance both macroscopically and microscopically. At the workshop, we will report on the details of the current progress and future prospects of the GAPS-OHP development. Reference † GAPS websites, http://gamma0.astro.ucla.edu/gaps/ , http://gaps.isas.jaxa.jp/ . [1] T. Aramaki et al., Astropart. Phys., 74 (2016) 6. [2] S.A.I. Mognet, et al., Nucl. Instr. and Methods A 735 (2014) 24. [3] S. Okazaki, et al., J. of Astronomical Instrumentation, 3(2) (2014) 1440004.
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