Waste heat to power by means of a thermomagnetic colloidal energy harvester
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Abstract 

Energy utilization, sustainability and care for the environment are now under the spotlight; dealing with energy must take into account the non-unitary efficiency of any thermodynamic process and the consequent production of waste heat, playing a crucial role in global warming. A valuable approach to tackle this problem is to capture and reuse the waste heat, providing an attractive opportunity for an emission-free and cost-effective energy resource. Waste heat to power is the process of converting the heat discarded in electricity, via thermodynamic cycles, thermoelectric materials, pyroelectric materials. Here, a new ThermOmagnetic hydRODYNAmic energy harvester (TORODYNA) exploiting a commercial ferrofluid, is presented. The lab-scale prototype has a toroidal geometry adopted from the well-known tokamak reactor. Peltier modules are used to generate the thermal gradient between the two sides of the reactor, that combined with the effect of permanent magnets trigger the advection. To extract and ensure the output electrical energy, the structure is wrapped-up with coils and connected to an impedance and pico-amperometer. Two coil configurations (purely poloidal and mixed poloidal/toroidal windings) are tested, in a heterogeneous water-ferrofluid two-phase flow, reaching a maximum extracted electrical power of 10.4 μW/K from a thermal gradient of 10 K, which is approximately 20% of the ideal Carnot efficiency of a thermal machine working in the same temperature drop. Furthermore, numerical analysis of the system has been performed developing a Fortran™ code in an Eulerian framework, using Galerkin approximation and harmonic functions.
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Figure 1. Side view of the operational TORODYNA with a thermal camera.
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