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ANSYS IC Engine Simulation Tutorial: A Step �by �Step Guide to Mastering 
Internal Combustion Engine Analysis

Internal combustion (IC) engines remain the backbone of modern transportation, powering everything from cars

and motorcycles to marine vessels and industrial generators. Engineers constantly strive to improve engine

performance, reduce emissions, and increase fuel efficiency. To achieve these goals, detailed simulations are

indispensable. ANSYS, one of the most widely used engineering simulation suites, offers powerful tools for IC

engine analysis, including CFD, thermodynamics, and multiphysics coupling. This comprehensive tutorial walks you

through the entire simulation workflow, from model creation to result interpretation, ensuring you gain a deep

understanding of how to harness ANSYS for IC engine design.

Why Use ANSYS for IC Engine Simulation?

ANSYS provides a unified environment where geometry, meshing, physics, and post �processing coexist. Its

strengths for IC engine analysis include:

•  Robust CFD capabilities for capturing complex airflow, combustion, and heat transfer phenomena.

•  Multiphysics coupling between fluid dynamics, heat transfer, and solid mechanics, enabling realistic 

crankshaft, piston, and cylinder wall interactions.

•  Extensive material libraries and fuel models tailored to automotive and aerospace applications.

•  Seamless integration with ANSYS Workbench, facilitating project management and data sharing across team 

members.

•  Automated post �processing tools, such as streamlines, contour plots, and pressure �time curves, that help 

engineers make informed design decisions.

By following this tutorial, you’ll learn how to set up a realistic IC engine simulation, run it efficiently, and extract

actionable insights.

Getting Started: Project Setup in ANSYS Workbench

1. Launch ANSYS Workbench

Open ANSYS Workbench and create a new project. Drag the Fluid Flow (Fluent)component into the Project

Schematic. This component will handle the CFD part of the simulation.

2. Define the Engine Geometry

For this tutorial, we’ll use a simple four �stroke, single �cylinder gasoline engine. You can import a CAD model from a

CAD package (e.g., SolidWorks, CATIA) or create a basic geometry directly in ANSYS DesignModeler.

1.  Import or create the cylinder head, piston, crankcase, and combustion chamber.

2.  Define the intake and exhaust ports.

3.  Include the valve train geometry if you want to simulate valve timing.

Keep the geometry as simple as possible while retaining essential features. Overly complex geometry can increase

meshing time and computational cost.



3. Set Up the Study Type

Right �click the Fluid Flow (Fluent) component and select New Study. Choose Transientstudy because IC engine

dynamics are inherently time �dependent. Set the simulation time to cover at least one full engine cycle (e.g., 4 ms for

a 3000 /RPM engine). Divide this time into small time steps (e.g., 0.01 /ms) to capture rapid pressure changes.

4. Define the Physics Settings

Double �click the Setup node to launch ANSYS Fluent. The following physics settings are crucial:

•  Pressure �based solver with compressible flow option enabled.

•  Enable combustion modeling using the Species Transport Model and a suitable fuel model (e.g., GDI 

(Gasoline Direct Injection) or Homogeneous Charge Compression Ignition (HCCI)).

•  Activate turbulence modeling (k �<’�55B�÷"�$�å2’�Fò�6��GW&R�&÷VæF� y layer effects.

•  Set heat transfer between fluid and solid walls to be coupled; this will allow piston and cylinder wall 

temperature predictions.

•  Enable mass source terms for fuel injection events.

Meshing the Engine

1. Choose the Right Mesh Strategy

IC engines involve complex geometry and highly transient flow. A hybrid mesh strategy is recommended: use 

tetrahedral elements for the bulk of the domain and prismatic layersnear walls to resolve boundary layers

accurately.

2. Create Prismatic Layers

In ANSYS Meshing, define 1–2 /mmthick prismatic layers adjacent to the cylinder wall, piston, and valve surfaces.

Use a growth rate of 1.2 to keep element sizes smooth. This helps capture steep temperature and velocity

gradients near walls.

3. Refine the Combustion Zone

Apply a local refinement** in the combustion chamber to capture flame propagation and turbulence. A 

maximum cell size of 0.5 /mm in this region is often sufficient.

4. Check Mesh Quality

After generating the mesh, verify the following:

•  Element skewness

•  Aspect ratio

•  No inverted elements

Use the Mesh Statistics report to confirm that the mesh is well �conditioned.

Defining Boundary Conditions

1. Inlet (Intake) Boundary

Set the intake port as a velocity inlet** with the desired air mass flow rate (e.g., 0.02 kg/s). Use a temperature inlet**

of 300 /K to represent ambient conditions. For more advanced studies, consider adding a turbulent intensity** of 5 /%.

2. Exhaust Boundary

Define the exhaust port as a pressure outlet** with a reference pressure of 101.325 kPa. Set the outlet temperature



to the exhaust gas temperature if you want to model back �pressure effects.

3. Valve Timing

To simulate valve opening and closing, use Dynamic Mesh** with Mesh Deformation**. Create a time �dependent

boundary condition that opens the intake valve at 0.5 ms and closes it at 1.5 ms, and similarly for the exhaust valve.

This mimics the four �stroke cycle.

4. Fuel Injection

Model fuel injection as a mass source** at the injection point. Define the injection timing (e.g., 10 ms before top

dead center) and the mass of fuel (e.g., 0.05 g). Specify the fuel composition (e.g., gasoline with octane rating 95)

and set the initial temperature to 300 /K.

5. Wall Conditions

Set the cylinder wall, piston, and crankcase as no slip** walls with heat transfer** to solid. Use a solid model** of

the metal (e.g., aluminum alloy) and assign appropriate thermal conductivity and specific heat.

Solver Settings and Execution

1. Time Stepping and Convergence

Choose a time step** of 0.01 ms. Use under �relaxation factors** of 0.7 for pressure and 0.5 for velocity to aid

convergence. Monitor residuals; aim for 

2. Initial Conditions

Start with a steady �state** solution to provide a good initial guess. Once converged, switch to the transient** study

and continue.

3. Parallel Computing

For large meshes, enable MPI parallelism**. Allocate enough cores to reduce simulation time. ANSYS Workbench

will automatically distribute the workload.

4. Run the Simulation

Click Run Calculation**. Monitor the progress; if residuals stagnate, consider adjusting under �relaxation factors or

refining the mesh further.

Post �Processing: Interpreting the Results

1. Pressure and Temperature Profiles

Use Contour Plots** to visualize pressure and temperature across the combustion chamber. Plot pressure vs. crank

angle to observe the characteristic pressure rise during combustion.

2. Combustion Efficiency

Calculate the heat release rate** by integrating the rate of fuel consumption over time. Compare the peak heat

release to the theoretical maximum to assess combustion efficiency.

3. Heat Transfer to the Piston

Generate a heat flux plot** on the piston surface. Identify hotspots that might require cooling or material changes.

4. Velocity and Turbulence Fields

Plot velocity vectors** to see airflow patterns during the intake and exhaust strokes. Use turbulent kinetic energy



(k)** contours to identify high �turbulence zones that influence flame propagation.

5. Emission Predictions

With the species transport model enabled, extract NOx**, CO, and HC concentrations. Compare these values

against regulatory limits to evaluate engine compliance.

Advanced Topics and Tips

1. Multi �Physics Coupling

Couple ANSYS Mechanical** with Fluent to account for piston deformation and crankcase pressure changes. Use

System Coupling** to share data between the two solvers.

2. Valve Train Modeling

For high �fidelity simulations, model the entire valve train, including camshafts and rocker arms. Use Dynamic

Mesh** to capture valve motion accurately.

3. Fuel Injection Strategies

Explore different injection strategies (e.g., multiple injections, pre �ignition) by modifying the mass source timing and

magnitude. This helps optimize combustion stability and emissions.

4. Mesh Sensitivity Studies

Run simulations with progressively finer meshes to ensure results are mesh �independent. Plot key parameters (e.g.,

peak pressure, heat release rate) against the number of elements to confirm convergence.

5. Leveraging ANSYS Add �Ons

Use ANSYS DesignXplorer** for design optimization. Define objective functions such as fuel efficiency or emissions

and let the tool search for optimal geometries.

Common Pitfalls and How to Avoid Them

•  Inadequate Mesh Near Walls: This leads to inaccurate heat transfer predictions. Always use prismatic layers.

•  Incorrect Valve Timing: Misaligned timing can cause unrealistic pressure spikes. Verify timing against the 

engine’s cam profile.

•  Insufficient Convergence: Stagnant residuals may mask numerical errors. Tighten convergence criteria or 

adjust under �relaxation factors.

•  Ignoring Material Properties: Use accurate thermal conductivity and specific heat values for metals to avoid 

over � or under �estimating heat flux.

•  Overlooking Turbulence Modeling: RANS models may not capture all turbulence phenomena. Consider LES 

for highly unsteady flows if computational resources allow.

Conclusion

Simulating an internal combustion engine in ANSYS is a powerful way to unlock insights that drive better design,

higher performance, and lower emissions. By carefully setting up the geometry, physics, and boundary conditions,

meshing the domain appropriately, and meticulously analyzing the results, engineers can predict engine behavior

before a single prototype is built.

While this tutorial covers the essential steps for a basic four �stroke engine, the same workflow can be adapted to

more complex scenarios
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