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Accelerating reinforcement-learning-based flow control using
transfer learning — 30 ECTS

Saeed Salehi

Division of Applied Thermodynamics and Fluid Mechanics, Department of Management
and Engineering, Linkoping University

About the job

Explore the cutting edge at the intersection of Artificial Intelligence (AI) and fluid flows by
performing your thesis with us. We aim to develop and accelerate flow-control strategies using
state-of-the-art machine learning coupled with Computational Fluid Dynamics (CFD). As a
thesis worker at the Division of Applied Thermodynamics and Fluid Mechanics, you will benefit
from active knowledge exchange and contribute to our research environment. All thesis projects
include a local room and necessary resources and are supported by an experienced supervisor
throughout the project.

Background

The control of unstable flows is a central challenge in fluid mechanics, with broad relevance to
drag reduction, heat transfer control, and noise mitigation. A canonical benchmark is the two-
dimensional laminar wake behind a circular cylinder, where periodic vortex shedding emerges at
moderate Reynolds numbers.

Machine learning has emerged as a powerful tool for flow control and optimization. In
particular, reinforcement learning (RL) provides a data-driven control methodology where an
agent interacts with an environment by observing states, selecting actions, and receiving rewards
(Fig. 1). The combination of RL with deep neural networks, known as Deep Reinforcement
Learning (DRL), has enabled the discovery of nonlinear feedback control laws in complex systems.
DRL has been successfully applied to various flow-related tasks, including the control of bluff-
body wakes [1, 2] and drag reduction in turbulent channels [3]. As an example, Fig. 2 displays
the baseline and DRL-controlled laminar vortex shedding behind a cylinder. While such studies
highlight DRL’s potential for controlling fluid flows, they also underline a key limitation, since
training requires an immense number of flow simulations, with over 99% of the cost attributed
to the CFD computations themselves [4, 5].

To mitigate this computational burden, multifidelity learning strategies have been intro-
duced. In this approach, agents are pretrained in inexpensive, low-fidelity environments (e.g.,
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Figure 1: Schematic of the reinforcement learning (RL) framework.
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Figure 2: Baseline and DRL-controlled laminar vortex shedding behind a cylinder [6]

coarse meshes) and subsequently adapted to higher-fidelity settings [7, 8]. Fig. 2 provides a
conceptual illustration of multifidelity DRL control of fluid flows. A central component is trans-
fer learning, which enables reuse of knowledge from a source task in a related target task [9].
The most common technique, fine-tuning, often accelerates training but can suffer from catas-
trophic forgetting, where prior knowledge is overwritten during adaptation [10]. More structured
frameworks such as Progressive Neural Networks (PNNs) [11] have been proposed to address this
limitation by explicitly preserving earlier representations while extending the network with new
trainable modules.

This thesis will build on these developments by investigating transfer-learning strategies for
DRIL-based control of canonical fluid flows.
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Figure 3: Conceptual illustration of the multifidelity DRL framework and its potential for com-
putational acceleration

Scope

This thesis will investigate transfer learning for multifidelity DRL-based flow control in the
canonical case of two-dimensional laminar vortex shedding behind a cylinder. The main fidelity
parameter will be the mesh resolution, enabling systematic studies of how controllers trained in
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coarse, inexpensive environments can be adapted to finer simulations without losing previously
acquired knowledge. If time allows, the work will also explore transfer across different physics,
such as varying Reynolds numbers.

The CFD simulations will preferably be performed using OpenFOAM, although other open-
source CFD codes may also be considered. These simulations will be coupled with a Python-based
RL framework, such as Stable Baselines3 (PyTorch) or Tensorforce (TensorFlow). The open-
source coupled CFD-DRL libraries developed by the supervisor (e.g., TensorforceFoam [6]) may
serve as a starting point. In the same spirit, all codes and cases from this work will be released
in a public open-source repository, ensuring reproducibility and facilitating future research.

The project will address the following research questions.

e Can a controller trained in low-fidelity be effectively transferred to higher-fidelity settings?
e How does fine-tuning compare with more structured transfer mechanisms such as PNNs?
e Can transfer learning across different physics accelerate learning?

The scope is deliberately limited to two-dimensional laminar flows, ensuring feasibility within
a 30 ECTS master’s thesis while still providing meaningful insights into the efficiency and ro-
bustness of transfer learning for DRL-based flow control. Extensions to higher Reynolds numbers
may be considered if time permits.

General methodology

The project will follow a structured workflow, consisting of the following main stages.
1. Project initiation

1.1 Review recent literature on DRIL-based flow control and transfer learning.

1.2 Establish a project plan with milestones and deliverables.
2. Familiarization with the framework

2.1 Study the existing OpenFOAM-DRL framework developed by the supervisor. Alter-
natively, you can develop your own CFD-DRL framework with your preferred open-
source packages.

2.2 Read and understand the codebase to gain full control of the simulation-learning
pipeline.

2.3 Perform initial test runs to ensure correct setup and reproducibility.
3. Running CFD-DRL benchmarks
3.1 Apply the coupled CFD and DRL framework to two-dimensional cylinder wake sim-

ulations at different mesh resolutions.

3.2 Define and monitor performance metrics such as drag, lift fluctuations, and control
energy.

3.3 Analyze the results, visualize flow and learning behavior, and ensure reproducibility.
4. Training and transfer learning

4.1 Train baseline DRL controllers on coarse-mesh simulations.

4.2 Apply transfer learning strategies from coarse to fine meshes using conventional fine-
tuning approaches.

4.3 Implement the PNN transfer learning strategy for control of vortex shedding.

4.4 If time allows, explore transfer across different Reynolds numbers or control objectives.
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5. Analysis and documentation

5.1 Evaluate transfer efficiency in terms of learning speed, stability, and retention of
knowledge.

5.2 Compare the performance of different transfer strategies and identify strengths and
limitations.

5.3 Document the process, results, and conclusions in the thesis report.

5.4 Clean up and prepare all codes and cases, and provide them openly in a public repos-
itory to ensure reproducibility and enable future research.

What you’ll bring

You are pursuing a Master of Science degree in Mechanical Engineering, Aeronautical Engineer-
ing, Energy-Environment—-Management, or a related field at Linképing University, and have a
solid background in fluid mechanics, numerical methods, programming, and CFD. You also have
strong analytical and communication skills and work well in a team.

Meriting experience

The following qualifications are considered meriting.

e Previous experience with open-source CFD, such as OpenFOAM.

Courses or prior experience in machine learning.

Familiarity with deep learning frameworks such as PyTorch or TensorFlow.
Skills in Python programming and numerical libraries (e.g., NumPy, Matplotlib).
Experience with visualization and data analysis in Python.

Experience with Linux environments and high-performance computing.

Experience with scientific writing in LaTeX.

Other details

e Location: It is necessary that you pursue your thesis at Linkoping University.

e Duration: The duration of the thesis is 20 weeks (30 ECTS credits), starting in Jan. 2025.
e Number of students: Ideal for two students but can be adapted for one student.

e Application period: Reviewed on a rolling basis until the position is filled.

Be part of the innovative research culture — Apply now!

Be part of our innovative research culture and contribute to advancing the intersection of fluid
mechanics and artificial intelligence. We welcome your application and look forward to supporting
your thesis journey. Selection will be ongoing during the application period, so do not hesitate to
apply. Please attach your CV, transcript of grades, and a personal letter describing your interest
in the topic. Apply as soon as possible!

Contact

For more information about this thesis project, feel free to contact me.
& Saced Salehi & saeed.salehi@liu.se
J 013282682 4% saecedsalehi.com
Q Visiting address: Room 3A:970, A-huset, Valla Campus, Linkoping University
Further details on my research: saeedsalehi.com/research.
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