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Abstract

The growing societal demand for zero-emission transportation and significantly greener aircraft has initiated serious
research into electrification options of aircraft configurations and components [1][2][3]. One potential possibility under
scrutiny is the turboelectric configuration using a kerosene-fueled engine which drives a generator providing enough
electrical energy to operate and propel the aircraft. However, this approach leads to unprecedented amounts of electric
power distributed through the aircraft. Even though the efficiencies of components such as generator, motors,
converters, etc. have efficiencies of 95% or higher, for megawatt class aircraft this still results in very large amounts of
low-quality heat dissipated throughout the architecture that need to be rejected. The necessary heat rejection is posing
serious challenges for an efficient thermal management system.

The proposed paper is a sequel to our previous paper [4] that identified the starting point and way forward for a thermal
analysis methodology applicable in preliminary design stages using a minimal amount of aircraft data. The paper focuses
on the enhancements achieved in estimating the heat distribution using a nodal approach, comprising dynamic thermal
analysis over the full flight profile, updated compartment model to describe the configuration in reduced thermal model
terms, and step-by-step implementation of the integration of (sub-)system interactions. Each compartment or
component is assigned to be a node. Each node is interconnected with other nodes allowing the exchange of heat. The
thermal exchanges are described using straightforward mathematical relations for conduction, convection and
radiation. Input for this nodal approach is a given typical flight profile describing the required thrust, altitude, and Mach
number at each moment. Outputs are the power demands, heat rejection and resulting nodal temperatures over time.
The method is intended to show how input parameter variations (e.g. the component efficiencies, assumed heat
transfer coefficients, and failure cases) impact the heat rejection of components and thereby the required thermal
management system.
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