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Abstract With the ever increasing advances in computers and their computing power, computational fluid
dynamics(CFD) has become an essential engineering tool in the design and analysis of engineering applications.
Accordingly, many universities have developed and implemented a course on CFD for undergraduate students. On
the other hand, many professors have used industrial examples supplied by computational analysis software companies
as CFD examples. This makes many students think of CFD as difficult and confusing. This paper presents a simple
CFD example used in the department of mechanical design engineering of Kangwon National University and shows
its effectiveness. Most students answered that a simple CFD example is more comprehensive than an industrial
example. Therefore, it is necessary to develop simple computational analysis problems in the engineering education
field.

Keywords : Mechanical Engineering Curriculum, CFD(Computational Fluid Dynamics), Laminar Pipe Flow, 2-D
Axisymmetric Model, Simple CFD Example, Axial Velocity, Pressure, Wall Shear Stress, Skin Friction
Coefficient.
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Table 2. Theoretical solutions obtained by classical
fluid mechanics

Max. axial Max. axial
Fluid ; X Max. pressure
; velocity velocity at inlet
mechanical at inlet at outlet P (Pa)
parameters ’Uzm’,\(m/s) v, (ms) Mazgy,
Value 1 1 2 128
] . Average wall P
Fluld, Max. pressure verage W Skin friction
mechanical at outlet shear stress coefficient C.
parameters | Pz0ue:(P2) 72, (P2) !
Value 2 0 0.08 0.16
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Fig. 2. Schematic drawing of pipe flow
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Fig. 3. 2-D axisymmetric model of laminar pipe flow
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Table 3. Set up of the CFD simulation in ANSYS

FLUENT
General Solver Pressure-based
Time Steady
2D Space Axisymmetric
Flow model Viscous Laminar
Velocity
- Case 1 (m/s) 1
Total | 13.3
Case 2 | Pressure(Pa) "
Static | 12.8
Boundary Case 1 | Pressure(Pa) 0
Outlet
Case 2 | Pressure(Pa) 0
Mome- Wall motion Stationary
ntum Shear condition No slip
Convergence Continuity 1x10°
absolute z velocity 1x10°
criteria r velocity 1x10°
Number of
iterations 1000
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Table 4. Error percentage of CFD Solutions

Max. axial Max. axial Mean axial
Fluid velocity velocity velocity
mechanical at inlet at outlet v, at inlet
parameters v, (%) %) v, (%)
Case 1 0 4 0
Case 2 20 4.2 1
Mean axial
Fluid velocity Max. }?ressure Max. pressure
mechanical at outlet at inlet at outlet
parameters v, (%) Py (%) Py, )
Case 1 0 0.78 0
Case 2 0.37 0.15 0
Flui(% wall shear Skin friction coefficient
mechanical stress C (%)
parameters Tz, (%) !
Case 1 1.25 1.88
Case 2 0.17 2
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