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ABSTRACT

Turbulent flow, characterized by random, chaotic and three-
dimensional fluid motion, is a common occurrence in many engineering
applications, such as aerospace, wind turbines, hydroelectric power
plants, and chemical mixing processes. In these applications and others,
the turbulent flows often involve complex geometries, multiple scales
of motion, and nonlinear interactions, which make it challenging to
simulate and predict turbulent flow behavior accurately. As a result,
turbulence modeling plays a crucial role in these applications by
providing an efficient and cost-effective way to model the complex
physics of turbulent flows.

Several turbulence models have been developed and are
commonly used in computational fluid dynamics (CFD) simulations to
predict the behavior of turbulent flows. However, most of these models
are based on the Boussinesq approximation, which assumes that the
Reynolds stresses are proportional to the mean velocity gradients. The
Boussinesq assumption simplifies the turbulence modeling process by
allowing the Reynolds stresses to be represented by the mean velocity
gradients, and the proportionality constant is known as the turbulent
viscosity.

A team of researchers lead by Dr. Charles Petty at Michigan
State University have recently come up with an innovative Universally,
Realizable, Algebraic Pre-Stress closure called (URAPS). This new
model relies on robust representation of turbulent stresses based on
physical and mathematical operation while the current turbulence
models are based on Relationship between Reynolds stress and velocity

gradient through eddy viscosity. The model has not coupled to CFD
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solver yet. This study is the first attempt to include the URAPS
turbulence model into CFD solver of the turbulent channel flow as a
benchmark case. In-house MATLAB code is built in this work to solve
the two-dimensional, incompressible, RANS equations. The code
solves the transport equations of k-¢ model for validation reasons and
to make sure that the solver predicts the turbulence structure before
replacing the k-¢ with the URAPS model. As preliminary test cases, the
Reynolds number is varied from 6000 to 12000, and the turbulent
kinetic energy generated by k-g¢ model for each case is used in the
URAPS subprogram to predict the normalized Reynolds stress tensor.
The CFD solver accurately predicted the flow structure in the
fully developed turbulent channel flow and for all Reynolds numbers.
The velocity, pressure, turbulent kinetic energy, and turbulent
dissipation are all aligned with physics and supported by literature data.
The normalized Reynolds stress component /2 increases as it
moves away from the channel wall during which the turbulent kinetic
energy decreases while the component /2  exhibits a reverse
behavior. The normal components of the Reynolds stress tensor are
approaching same value of 0.333 close to channel walls which confirm
that the turbulent kinetic energy become equally distributed among the

three components of the fluctuating velocity at this region.
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