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INTRODUCTION
The study of incompressible turbulence remains one of the most 
challenging areas in fluid dynamics due to the complex, chaotic, 
and highly nonlinear nature of turbulent flows. Traditional 
methods for solving turbulence problems, such as direct 
numerical simulation or large eddy simulation often require 
immense computational resources, especially when dealing with 
complex geometries or high Reynolds numbers. As a result, there 
has been a growing interest in alternative approaches that can 
provide efficient yet accurate solutions. One such approach is the 
Augmented Multiscale Formulation (AMS), a method that aims to 
combine the strengths of multiscale modeling with enhancements 
that capture the essential features of turbulence while reducing 
the computational cost.

DESCRIPTION
The basic premise behind the AMS approach is to capture 
the broad range of scales involved in turbulent flows without 
needing to resolve every scale explicitly. Turbulence is inherently 
multiscale, with eddies and vortices spanning a wide range 
of sizes. A conventional simulation technique would require 
resolving each of these scales to accurately capture the flow 
dynamics, but this becomes computationally expensive as the 
flow complexity increases. The AMS framework addresses this 
issue by using a combination of coarse-grained models that 
represent large, inertial scales and fine-scale models that capture 
the small, dissipative scales of turbulence. This allows the method 
to approximate the behavior of the unresolved scales without the 
need for excessive computational power. The core idea of AMS is 
to decompose the turbulent flow into multiple scales, each with 
its own characteristic behavior, and then apply different models to 
handle the interactions between these scales. For example, large-
scale motions, which are often more energetic and govern the bulk 
flow behavior, can be modeled using a more simplified approach, 

such as a reduced-order model or a turbulence closure model. 
The small-scale motions, which are less energetic but crucial for 
capturing dissipative processes, can be modelled using techniques 
like subgrid-scale models or implicit large eddy simulation. The 
challenge, however, lies in effectively linking these scales and 
ensuring that the interaction between them is properly accounted 
for in the formulation. One of the key features of AMS is the way 
it incorporates the effects of small-scale turbulence into the larger 
scales without needing to resolve them directly. This is achieved 
through a process known as “augmented closure,” where the 
unresolved smaller scales are modeled based on their interactions 
with the larger scales. The technique uses an augmented set of 
equations that modify the traditional Navier-Stokes equations for 
incompressible flow, including additional terms that represent 
the influence of smaller scales on the large-scale behavior. This 
augmentation allows for the accurate prediction of the turbulent 
energy cascade, which is the transfer of energy from large scales to 
smaller scales, and the dissipation of energy at the smallest scales, 
which is critical for accurately modeling turbulence.

CONCLUSION
In conclusion, the Augmented Multiscale Formulation (AMS) 
presents a powerful and efficient method for simulating 
incompressible turbulence. By decomposing turbulent flows into 
multiple scales and modeling the interactions between them, 
AMS offers a way to capture the essential physics of turbulence 
without the prohibitive computational cost of traditional 
methods. As computational resources continue to grow and 
the need for accurate simulations of complex turbulent flows 
increases, AMS stands out as a promising tool for researchers and 
engineers working across a variety of fields, from aerodynamics 
to environmental science. Its ability to provide accurate and 
efficient turbulence models for large-scale simulations opens 
new possibilities for solving practical engineering problems in the 
presence of complex turbulent flows.


