
CFD

Introduction to CFD

کاربردها

Dr. Maysam Saidi 1



CFD

What is CFD and its objective?

 Computational Fluid Dynamics
 Historically Analytical Fluid Dynamics (AFD) and 

EFD (Experimental Fluid Dynamics) was used. CFD 
has become feasible due to the advent of high speed 
digital computers.

 Computer simulation for prediction of fluid-flow 
phenomena.  

 The objective of CFD is to model the continuous fluids 
with Partial Differential Equations (PDEs) and 
discretize PDEs into an algebra problem (Taylor 
series), solve it, validate it and achieve simulation 
based design.
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Why use CFD?

Analysis and Design
Simulation-based design instead of “build & test”
More cost effectively and more rapidly than with 

experiments
CFD solution provides high-fidelity database for 

interrogation of flow field
Simulation of physical fluid phenomena that are 

difficult to be measured by experiments
Scale simulations (e.g., full-scale ships, airplanes)
Hazards (e.g., explosions, radiation, pollution)
Physics (e.g., weather prediction, planetary boundary layer, 

stellar evolution)
Knowledge and exploration of flow physics

3



CFD

CFD vs. Experiment
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CFD vs. Experiment
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Applications of CFD
Applications of CFD are numerous!
Flow and heat transfer in industrial processes (boilers, heat 

exchangers, combustion equipment, pumps, blowers, 
piping, etc.).
Aerodynamics of ground vehicles, aircraft, missiles. Film 

coating, thermoforming in material processing 
applications.
Flow and heat transfer in propulsion and power generation 

systems.
Ventilation, heating, and cooling flows in buildings.
Chemical vapor deposition (CVD) for integrated circuit 

manufacturing.
Heat transfer for electronics packaging applications.
And many, many more!
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Water wheel
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Water turbine
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Windmill
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Wind turbine
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Wind turbine

11



CFD

Wind turbine
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Hand pump
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Motor pump
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Piping
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Piping
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Heat exchanging
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Heat, Ventilation and Air Conditioning (HVAC)
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Heat, Ventilation and Air Conditioning (HVAC)
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Cleanroom
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HVAC
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HVAC
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Fire modeling
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Aerodynamics
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Aerodynamics

28



CFD

Aerodynamics
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Aerodynamics

30



CFD

Thrust
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Thrust
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Marine
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Internal combustion engines
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Internal combustion engines
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Turbo machinery
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Geological fluid mechanics
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Airflow over buildings
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Pollution control
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Blood flow

Challenges:
 Very Complex
 Rheology of blood
 Walls are flexible
 Pressure-wave travels 
   along the arteries.
 Frequently encounter 
    bifurcation
 There are vary small veins 
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Artificial heart
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Cardiology
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Cardiology
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Blood Flow in Coronary Artery
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Human airway
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Respiratory Airway 
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Gas-solid flow
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Plate-fin, metal foam, and hybrid heat sinks
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Plate-fin, metal foam, and hybrid heat sinks
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