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Abstract

This study explores the application of quantum annealing to turbulence simulations by employing a variational

calculus-based approach. Quantum annealing is a quantum computational method specialized for solving optimiza-
tion problems and is considered capable of efficiently addressing certain NP-hard problems. However, its application

to fluid dynamics—problems that are not inherently formulated as optimization tasks—remains limited. The proposed

method aims to achieve more accurate turbulence simulations by defining an objective function, without numerical

processing, that is consistent with the solution of the original governing equations of fluid flow. Instead of converting
these equations into an optimization problem, the method directly incorporates the physical consistency of the original

formulation. As a first step, we formulate the Reynolds-Averaged Navier—Stokes equations (RANS) for channel flow

into a Quadratic Unconstrained Binary Optimization (QUBO) form using the variational calculus concept. We then

validate this approach through simulated annealing.
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