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Introduction

For engineers and researchers working on internal combustion (IC) engines, the ability to predict performance,

emissions, and durability before a prototype is built is invaluable. ANSYS Workbench 14, released in the early

2010s, became a cornerstone for many simulation teams because of its integrated, user �friendly environment that

supports a wide range of physics. This article explores how ANSYS Workbench 14 can be leveraged to model IC

engines, the typical workflow, best practices, and real �world examples that demonstrate its power. Whether you are

a seasoned CFD analyst or a newcomer to multiphysics simulation, this guide will give you a comprehensive

understanding of the capabilities and limitations of ANSYS Workbench 14 for IC engine studies.

What Is ANSYS Workbench 14?

ANSYS Workbench 14 is a graphical user interface (GUI) that brings together a suite of ANSYS tools—such as

ANSYS Mechanical, Fluent, and CFX—into a single, cohesive platform. The key features that made Workbench 14

popular for IC engine simulation include:

•  Project-Based Organization – Each simulation is encapsulated in a project file that contains geometry, 

physics, meshing, solution, and results.

•  Component Integration – Seamless data transfer between CAD, meshing, and solver modules.

•  Parametric Design – The ability to set up design variables and run parametric studies or optimization loops.

•  Multiphysics Coupling – Coupling thermal, structural, and fluid domains within a single model.

•  Visualization Tools – Built-in post �processing capabilities for contour plots, animations, and data extraction.

Why Use ANSYS Workbench 14 for IC Engines?

Internal combustion engines involve complex interactions between fluid flow, heat transfer, combustion chemistry,

and solid mechanics. ANSYS Workbench 14 offers a unified environment where these phenomena can be modeled

together. The advantages include:

•  Reduced Setup Time – Drag �and �drop interfaces for geometry import and physics selection speed up the 

workflow.

•  Integrated Mesh Generation – ANSYS Meshing provides high �quality, structured, or hybrid meshes tailored to 

the engine’s intricate geometry.

•  Solver Flexibility – Fluent and CFX can handle turbulent combustion, multiphase flows, and detailed chemistry.

•  Parametric Studies – Quickly evaluate the impact of design changes such as valve timing, piston shape, or 

fuel injection strategy.

•  Validation and Verification – Built �in tools for comparing simulation results with experimental data or analytical 

solutions.

Typical Workflow in ANSYS Workbench 14 for IC Engine Simulation

1. Geometry Preparation

Start by importing a CAD model of the engine or the specific component (e.g., combustion chamber, piston,



cylinder head). Workbench 14 supports common file formats such as STEP, IGES, and Parasolid. For complex

engines, you may need to:

•  Clean the geometry to remove small gaps or overlapping surfaces.

•  Use the DesignModeler or SpaceClaim tool to perform Boolean operations, create symmetry planes, or 

generate simplified geometry for meshing.

•  Define coordinate systems for each moving part if you plan to perform transient simulations.

2. Physics Setup

Drag the desired physics system onto the project schematic. For IC engines, common setups include:

•  CFD (Fluent or CFX) – For airflow, fuel injection, and combustion.

•  Thermo-Mechanical (Mechanical) – For thermal stresses, vibration analysis, and wear predictions.

•  Multiphysics Coupling – Use the System Coupling component to link CFD and Mechanical.

Accurate boundary conditions are critical. Typical IC engine conditions:

•  Inlet pressure and temperature for intake.

•  Outlet pressure for exhaust.

•  Valve motion as time �dependent boundary conditions.

•  Fuel injection as mass flow or pressure boundary.

•  Surface roughness and emissivity for thermal modeling.

3. Mesh Generation

ANSYS Meshing in Workbench 14 offers several strategies:

•  Structured Mesh – Preferred for simple, regular geometries.

•  Unstructured Mesh – Useful for complex shapes; tetrahedral or polyhedral elements.

•  Hybrid Mesh – Combines structured and unstructured regions for optimal accuracy.

•  Local Refinement – Near walls, valves, and combustion zones to capture boundary layers.

Use Mesh Controls to set element size, growth rates, and refinement zones. The Boundary Layer Meshfeature

is essential for resolving high �velocity gradients in the intake and exhaust flows.

4. Solver Configuration

Once the mesh is ready, configure the solver:

•  Physics Models – Turbulence (k �;RÂ�²��É, LES), combustion (premixed, non �premixed), multiphase, and radiation.

•  Time Stepping – For transient engine cycles, choose appropriate time step size (often

•  Convergence Criteria – Residuals, force balance, and mass balance.

•  Post �Processing Settings – Define custom scalars, streamline density, and pressure contours.

5. Solution and Post �Processing

Run the simulation and monitor residuals. After convergence:

•  Generate contour plots for temperature, pressure, and velocity.

•  Create animations to visualize valve motion and combustion progression.

•  Extract integrated quantities such as brake mean effective pressure (BMEP), specific fuel consumption (SFC), 

and emissions (CO, NOx, HC).

•  Export data for further analysis or comparison with experimental results.

6. Design Optimization

With the parametric setup, you can run design optimization studies:



•  Use the DesignXplorer component to define objective functions (e.g., maximize BMEP, minimize NOx).

•  Set constraints such as maximum temperature or stress limits.

•  Run a Genetic Algorithm or Gradient-Based Optimization to explore design space.

•  Analyze Pareto fronts to balance performance and emissions.

Key Physics Models for IC Engine Simulation

1. Turbulence Models

IC engines operate in highly turbulent regimes. Common turbulence models in Workbench 14 include:

•  Standard k �;R	b�vööB�`or baseline studies; less accurate near walls.

•  Realizable k �;R	b�&WGFW"�æV�"×pall behavior and complex flows.

•  k �<’�55B	b�6öÖ&–æW2�²��µ and k �<’�7G&VæwF‡3° suitable for adverse pressure gradients.

•  Large Eddy Simulation (LES) – Captures unsteady turbulence; computationally intensive.

2. Combustion Modeling

Accurate combustion prediction is essential for performance and emissions:

•  Premixed Combustion – Assumes fuel and air mix before ignition; suitable for gasoline engines.

•  Non �Premixed (Diffusion) Combustion – Fuel and air mix during combustion; common in diesel engines.

•  Finite Rate Chemistry – Detailed reaction mechanisms; high fidelity but computationally expensive.

•  Reduced Mechanisms – Simplified chemistry for faster runs while maintaining key species.

3. Heat Transfer

Heat transfer in IC engines involves conduction, convection, and radiation:

•  Use Conduction for solid components (piston, cylinder head).

•  Apply Convection at fluid �solid interfaces; define surface roughness for turbulent flows.

•  Include Radiation if high temperatures or large surface areas are involved.

•  Consider Thermal Contact Resistance at interfaces such as piston rings.

4. Solid Mechanics

Engine components endure high stresses and temperatures:

•  Use Elastic �Plastic material models for metals.

•  Incorporate Temperature �Dependent Properties for accurate thermal stress prediction.

•  Model Dynamic Loads from combustion pressure and valve motion.

•  Apply Fatigue Analysis to estimate component life.

Best Practices for IC Engine Modeling in Workbench 14

1. Start with a Simplified Model

Before adding complexity, validate the base model against known results or experimental data. This approach

reduces debugging time and helps isolate errors.

2. Use Symmetry When Possible

Many engines have symmetrical geometry. Leveraging symmetry reduces mesh size and computational cost.

3. Refine the Mesh Strategically

Rather than uniformly refining the entire domain, focus on critical regions: intake, combustion chamber, exhaust,

and valve paths.



4. Validate Turbulence and Combustion Models

Compare simulation results with experimental velocity and pressure data. Adjust turbulence model parameters or

switch to a higher �fidelity model if discrepancies arise.

5. Monitor Residuals and Physical Quantities

Ensure that residuals drop below acceptable thresholds (e.g., 

6. Document Assumptions and Parameters

Maintain a clear record of all assumptions, boundary conditions, material properties, and solver settings for

reproducibility.

Case Study: Simulating a 4 �Stroke Gasoline Engine

Project Overview

A mid �size 4 �stroke gasoline engine with a bore of 86 mm, stroke of 86 mm, and a compression ratio of 10.5 was

chosen for this study. The objective was to predict BMEP, NOx emissions, and thermal stresses across a range of

operating points.

Model Setup

•  Geometry – 3 �D model of the cylinder head, piston, and connecting rod.

•  Physics – Coupled CFD (Fluent) for airflow and combustion, and structural analysis (Mechanical) for thermal 

stresses.

•  Boundary Conditions – Intake pressure of 1 /bar, exhaust pressure of 0.9 /bar, valve timing based on 

manufacturer data.

•  Mesh – Hybrid mesh with boundary layer refinement near walls; 1.2 /million elements.

•  Turbulence – k �<’�55B�v—F‚�pall functions.

•  Combustion – Premixed model with a reduced mechanism for gasoline.

Results

•  BMEP – Predicted peak BMEP of 8.4 /bar, within 3 /% of measured values.
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