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CAD for BME Lecture # 1 

Introduction to Simulation 

 

Definition: Simulation is designing a model of a real or imagined system and 

conducting experiments with this model. 

Purpose: To gain insights into the system's behavior or to evaluate various strategies 

for the system's operation. 

Key Components: Model, System, and Experimentation. 

 

Types of Simulations 

1. Discrete Event Simulation (DES): Focuses on systems where changes occur at 

specific points in time. 

 

2. Continuous Simulation: Deals with systems that change continuously over time. 

 

Phases of a Simulation Study 

1. Problem Formulation: Defining objectives and plan. 

2. Model Conceptualization: Developing an abstract model. 

3. Data Collection: Gathering necessary data for the model. 

4. Model Translation: Converting the conceptual model into a computer-readable 

form. 

5. Verification & Validation: Ensuring the model accurately represents the real 

system. 

6. Experimental Design: Planning the simulation experiments. 

7. Production Runs and Analysis: Executing the simulation and analyzing the results. 

8. Implementation: Applying the findings in real-world scenarios. 

 

 Applications of Simulation 

Manufacturing: Streamlining production lines and logistics. 

Healthcare: Planning and managing hospital operations. 

Finance: Risk assessment and financial prediction. 

Transportation: Traffic flow and logistics optimization. 
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Software Tools for Simulation 

- Discrete Simulation: Ansys, SolidWorks  

- Continuous Simulation: MATLAB/Simulink, Ansys 

 

Example: Queueing System in a Bank 

-Scenario: Simulate customers arriving at a bank, waiting in a queue, and being 

served by tellers. 

- Objective: To minimize customer waiting time and optimize teller staffing. 

 

Simulation in Decision Making 

- Advantages: Cost-effective, risk-free, allows experimentation. 

- Limitations: Model accuracy, computational costs, data requirements. 

 

References 

1. Law, A. M. (2014). Simulation Modeling and Analysis. McGraw-Hill Education. 

 

 

Implementation of Simulation in Biomedical Engineering (BME) 

 

Introduction to Simulation in BME 

 

Definition: Application of simulation techniques like CFD and mechanical simulations 

in the biomedical field. 

Purpose: To enhance the understanding, design, and evaluation of biomedical 

systems, devices, and treatments. 

 

Computational Fluid Dynamics (CFD) in BME 

- Applications: 

  1. Blood Flow Simulation: Studying hemodynamics in arteries and veins, assessing 

the risk of atherosclerosis, figure 1. 

 

  2. Respiratory System Analysis: Airflow dynamics in lungs for asthma and Chronic 

Obstructive Pulmonary Disease (COPD) treatment, figure 1. 
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  3. Drug Delivery Systems: Optimization of aerosols and implantable drug delivery 

devices, figure 2. 

 

Figure 1 

 

Figure 2 

 

 

- Process: 

  - Tailoring the traditional CFD process to biological systems, considering bio-fluid 

properties and complex boundary conditions. 

 

 Mechanical Simulation in BME 

- Applications: 

  1. Prosthesis Design: Stress analysis in artificial limbs, ensuring durability and 

compatibility, Figure 3. 

  2. Bone Mechanics: Studying the mechanical properties of bones, aiding in fracture 

repair and osteoporosis research, Figure 3. 
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  3. Tissue Engineering: Simulation of mechanical forces in tissue scaffolds, Figure 4. 

- Tools: ANSYS for structural analysis, Abaqus for complex material modeling. 

 
 

Figure 3 

 

Figure 4 
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Integration in BME 

- Example: Heart valve simulation combining CFD for blood flow and mechanical 

simulation for valve movement. 

 

 

- Challenge: Accurately modeling the complex interactions between biological tissues 

and mechanical or fluid forces. 

 

Advancements in Simulation for BME 

- Personalized Medicine: Customizing simulations using patient-specific data. 

- Virtual Testing: Reducing the need for animal or human trials. 

- 3D Printing and Simulation: Using simulation data to inform the design of 3D printed 

biomedical devices. 

 

Ethical Considerations 

- Accuracy and Reliability: Ensuring simulations are validated and reliable for medical 

decision-making. 

- Data Privacy: Handling patient data with confidentiality and security. 

 

Case Study: Heart Valve Design 

- Objective: To improve the design of artificial heart valves using CFD and mechanical 

simulations. 

- Methodology: Simulating blood flow through the valve and the valve's mechanical 

response. 

- Outcome: Optimized valve design for better performance and reduced risk of 

complications. 
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Future Directions 

- Machine Learning Integration: Enhancing simulation accuracy and predictive power. 

- Real-Time Simulations: For surgical planning and intraoperative decision-making. 

- Collaboration with Other Fields: Including nanotechnology and material science for 

innovative solutions. 

 

References 

7. Taylor, C. A., & Figueroa, C. A. (2009). Patient-Specific Modeling of Cardiovascular 

Mechanics. Annual Review of Biomedical Engineering. 

8. Humphrey, J. D., & Delange, S. L. (2004). An Introduction to Biomechanics. 

Springer. 

9. Zienkiewicz, O. C., & Taylor, R. L. (2000). The Finite Element Method for Fluid 

Dynamics. Elsevier. 

 

 

Computational Fluid Dynamics (CFD) Simulation 

- Definition: CFD involves using computers to simulate and study fluid flows. 

- Applications: Aerospace, automotive industry, weather forecasting, and more. 

- Process:  

  1. Problem Definition: Identifying the physical bounds of the problem. 

  2. Modeling: Creating a computational model of the fluid domain. 

  3. Meshing: Dividing the domain into discrete cells or elements. 

  4. Setting Up: Defining fluid properties, boundary conditions, and initial conditions. 

  5. Solving: Numerical calculations to simulate fluid flow. 

  6. Validation and Analysis: Comparing results with experimental data or theoretical 

predictions. 

- Tools: ANSYS Fluent, OpenFOAM, COMSOL Multiphysics. 
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Simulation in Mechanical Systems 

- Definition: The use of simulation tools to model, analyze, and predict the behavior 

of mechanical systems under various conditions. 

- Key Aspects: 

  1. Kinematic Analysis: Understanding motion without considering forces. 

  2. Dynamic Analysis: Considering forces and torques in motion. 

  3. Stress Analysis: Evaluating stresses and strains in materials. 

- Applications: Automotive design, robotics, structural analysis, machinery design. 

- Software Tools: SolidWorks, Autodesk Inventor, ANSYS Mechanical. 

 

Integrating CFD and Mechanical Systems Simulation 

- Purpose: To study the interaction of fluid flows with mechanical structures. 

- Example: Aerodynamic testing in automotive and aerospace industries. 

- Challenges: Requires high computational resources and accurate modeling of the 

interface between fluid and structure. 

 


