
WHERE CAN WE ASSUME IRROTATIONAL FLOW?
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CE358 - Fall 2024 
The following slides have been produced from running 
ANSYS/Fluent, a commercial Computational Fluid 
Dynamics, CFD, package, which solves for the viscous flow 
around an object. 

Results are shown to help you understand the concepts of 
flow velocity, streamlines, boundary layer, and vorticity.
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Flow over flat plate (velocity magnitude) predicted by Fluent

Inflow=1.35 m/s
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Flow over flat plate (velocity profile in boundary layer) 
predicted by Fluent
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Flow over flat plate (vorticity magnitude) predicted by Fluent

Inflow

CE358-Fall 2024 Copyright Prof. S.A. Kinnas



CE358-Fall 2024 Copyright Prof. S.A. Kinnas



Flow detail at the Leading Edge (LE) of Hydrofoil
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Flow detail at the Trailing Edge (TE) of the Hydrofoil
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Vorticity detail at the Leading Edge (LE) of Hydrofoil
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Vorticity detail at the Trailing Edge (TE) of the Hydrofoil
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Flow around cylinder (velocity magnitude) predicted by Fluent

Inflow=0.0015 m/s
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Flow around cylinder (vorticity magnitude) predicted by Fluent

Inflow
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Flow around cylinder (from “An Album of Fluid Motion”,
 by M. Van Dyke) 
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Flow around cylinder (from “An Album of Fluid Motion”,
 by M. Van Dyke) 
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EXAMPLE ON IRROTATIONAL FLOW
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STREAMLINES - DEFINITION

CE358-Fall 2024 Copyright Prof. S.A. Kinnas



STREAMLINES - EXAMPLE
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STREAMLINES - EXAMPLE
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STREAMLINES AROUND AIRFOIL
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STREAMLINES AROUND AXI-SYMMETRIC BODY
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University of Texas 
at Austin

Ocean Eng. Group, CAEE

Velocities and Streamlines of Flow through a Pipe Expansion 
(computed via Fluent/turbulent)

Consider fluid flowing through a circular pipe of expanding radius as illustrated 
above. Inlet pipe diameter D1=0.1m; outlet pipe diameter D2=0.2m; inlet velocity 
U1=5m/s; fluid density ρ=100kg/m3; dynamic viscosity μ=2×10-2kg/(ms). The 
Reynolds number, Re, based on the pipe diameter, D1,  and velocity, U1, at the inlet is:
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University of Texas 
at Austin

Ocean Eng. Group, CAEE

Streamlines and Velocities inside Separated/Re-circulating Flow

Bounding 
streamline  of 

re-circulating flow

CLOSE-UP

Streamlines of 
re-circulating flow
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DEFINITION OF VELOCITY POTENTIAL & LAPLACE EQUATION
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VELOCITY POTENTIAL – Example 1
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VELOCITY POTENTIAL – Example 2
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VELOCITY POTENTIAL – Example 2
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ACCELERATION OF FLUID PARTICLE

t=∆t

t=0

CE358-Fall 2024 Copyright Prof. S.A. Kinnas



ACCELERATION OF FLUID PARTICLE

t=∆t

t=0
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ACCELERATION OF FLUID PARTICLE

t=∆t

t=0
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ACCELERATION OF FLUID PARTICLE - EXAMPLE
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