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Comparison of initial flame development 
from two different spark location 
Courtesy Prometheus Applied Technology 

http://www.idaj.co.jp/
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Gasoline HCCI Diesel Natural Gas 



• Founded in 1997, headquartered in suburbs of Madison, Wisconsin  

• Experts in CFD flow, spray, combustion  

• Developed CONVERGE CFD which is widely used in the automotive industry  

• Rapidly growing and stable organization with many satisfied customers 

• CSI currently has 40 employees and maintains distributors throughout the world 

• Recently purchased a ~40,000 square foot office and will be relocating in early 2014 

• Maintains a strong academic program with an installed base of over 50 universities  

• Maintain strategic partnerships with thought leaders for technology improvement. 

• Lawrence Livermore, Argonne, Sandia, Oak Ridge, Sandia etc 

 

 

 

 

 

Convergent Science Inc. (CSI): Summary 

Current Convergent Science Inc. headquarters in Wisconsin USA Future Convergent Science Inc. 
headquarters in Wisconsin USA 
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CONVERGE CFD Software 

Spray combustor simulated with LES and detailed 
chemistry.  All meshing 100% automated 

Ignition and Combustion Simulations of Spray-Guided SIDI Engine 
using Arrhenius Combustion with Spark-Energy Deposition Model 
 
SAE technical paper 2012-01-0147  
Couresy General Motors 

• CONVERGE CFD software was developed with the goal of 

increasing both productivity and accuracy for modeling flow, spray 

and combustion: 

• Generates a high quality mesh automatically at runtime thus 

eliminating all user meshing 

• Adds mesh refinement based upon gradients using adaptive mesh 

refinement (AMR) 

• Extensive parallel processing technologies for high performance 

computing 

• Rich suite of physical models for spray, combustion and turbulence 

• Lagrangian models include spray breakup, collision, coalescence and wall 

film 

• SAGE detailed chemistry solver 

• Extensive suite of RANS and LES models  

• State of the art suite of emissions models  

• CONGO genetic algorithm included which automatically spawns 

CONVERGE simulations for optimization 

 

 

 

 



CONVERGE Philosophy 
 

• 100% eliminate all user meshing time 

• Add more mesh resolution in key areas (Adaptive mesh refinement & embedding) 

• Detailed chemistry with large mechanisms 

• State of the art spray models 

• State of the art turbulence models (LES) 

• High performance computing 

• Optimization (let the computer do the work whenever possible) 

• Run more cycles and more cylinders whenever possible 

 

 

 

 

VOF modeling test case with moving components 



CONVERGE Studio 

• Full case setup (mesh, spray, combustion etc) with error checking 

• Plotting utility 

• Chemistry reduction environment 

• Designed for quick and easy case setup 

 

 



Ensight Desktop for CONVERGE 

Ensight Desktop for CONVERGE now comes bundled as a standard feature of CONVERGE.   

 

If the user prefers, other postprocessors can definitely be used as well. 



Sealing Feature  

• In older versions of CONVERGE, moving 

components couldn’t touch 

• In v2.1, a sealing feature was introduced 

which eliminates this restriction 

• The sealing feature automatically re-

triangulates the surface during the 

simulation allowing surfaces to come into 

contact (i.e., “sealing”) 

• This feature is very useful for two stroke 

engine transfer ports as well as rotary 

engines 

• Sealing capability can be set up in 

CONVERGE-Studio “sealing” tab 

 

 

 

 

Two stroke (above) and rotary 
engine (left) simulations 
utilizing sealing feature 



Fluid Structure Interaction 

9 

• With CONVERGE, moving body problems are easy to set up 
– Moving boundaries aren’t a problem as new mesh is automatically generated every timestep so 

• The motion of moving bodies is often specified (valves and pistons) 

• A six degree of freedom (6-DOF) solver has been implemented for fluid structure 

interaction 
– The pressure and viscous forces are integrated to used to determine the motion of moving components 

• The 6-DOF solver has many applications including valves and compressors 

Fluid structure interaction in CONVERGE 

Representative compressor geometry from “A 
Simplified Computational Fluid Dynamics Model for 
the Suction Process of Reciprocating Compressors” 



Collaboration with Caterpillar Inc. and  
Argonne National Laboratory *Som et al. SAE 2013 

   High Performance Computing 

• CONVERGE is widely used in HPC 

• SAGE parallelizes independently from the flow 

• Dynamic load balancing is available 

• METIS is now available which improves load balancing 

• Load balancing improves with more cells and more chemistry 

 

Significant improvement in load-balancing using METIS 



Convergent Science in the News  

CONVERGE and CONGO used by Achates Power to design a 

two stroke opposed piston Diesel engine 



Convergent Science in the News  

CONVERGE used for alternative fuel research 



Convergent Science in the News  

CONVERGE used for emissions modeling 



ASME Fall Technical Conference 

http://asmeconferences.org/ICEF2013 

• At the ASME 2013 IC Engine Conference (October 2013), there were 13 technical papers presented 

which utilized CONVERGE CFD Software 

• Authors include: Cameron Compression Systems, Argonne National Lab, Caterpillar, Sandia 

National Lab, Chrysler Group LLC, General Motors, University of Perugia Italy, Mississippi State 

University, Carnegie Melon University, Cummins 

• Topics covered a wide range including: Large bore natural gas combustion modeling, nozzle flow 

and cavitation, bio-diesel chemical kinetics, Diesel combustion, Diesel micro Pilot ignited DI Gasoline 

Engine modeling, spark ignited thermal load prediction, RANS vs LES modeling for IC engine flows, 

LES spray modeling, HCCI combustion 

ICEF2013-19170 



Natural Gas Engine Simulations 

http://www.gaselectricpartnership.com/HCAMERON021213.pdf 

Pressure trace (top) and flame location for large bore natural gas engine 
VIRTUAL DESIGN OF AN INDUSTRIAL, LARGE-BORE, SPARK-IGNITED, 
NATURAL GAS, INTERNAL COMBUSTION ENGINE FOR REDUCTION OF 
REGULATED POLLUTANT EMISSIONS  ICEF2013-19138 

CONVERGE is used for modeling natural gas engines  
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Example GA Results 

• CONVERGE has an on-board genetic algorithm called 

CONGO which takes a “survival of the fittest” approach to 

optimize a design 

• A merit function (e.g., a combination of NOx, soot and fuel 

consumption) is defined to rate the fitness of each design – this 

is what CONGO will optimize 

• The variables CONGO can vary is specified by the user.  

• Number of processors and the total search time are specified 

• CONGO initiates a population of designs automatically 

searching for the one which optimizes the merit function 

• Optimization of input parameters and geometry is possible 

CONGO Genetic Algorithm 

Use CONGO and let your cluster find the optimum design 

Fittest 
Individual 

Piston optimization study 



CONGO Genetic Algorithm 

http://www4.eere.energy.gov/vehiclesandfuels/resources/merit-review/sites/default/files/ace062_reese_2013_o.pdf 

Use CONGO and let your cluster 

find the optimum design 

http://www4.eere.energy.gov/vehiclesandfuels/resources/merit-review/sites/default/files/ace062_reese_2013_o.pdf
http://www4.eere.energy.gov/vehiclesandfuels/resources/merit-review/sites/default/files/ace062_reese_2013_o.pdf
http://www4.eere.energy.gov/vehiclesandfuels/resources/merit-review/sites/default/files/ace062_reese_2013_o.pdf
http://www4.eere.energy.gov/vehiclesandfuels/resources/merit-review/sites/default/files/ace062_reese_2013_o.pdf


 GT-Power is commonly used to generate boundary 
conditions for CONVERGE simulations 

 Historically, the coupling with GT-Power was done 
in a “one way” fashion (CONVERGE influenced by 
GT-Power only) 

 Through a recent collaboration with Gamma 
Technologies, two way interactive coupling with GT-
POWER is now possible. 

 Running GT-Power with CONVERGE can be used 
to more accurately simulate multiple cycles and 
multiple cylinders 

 A limited version of CONVERGE called 
CONVERGE-Lite is embedded into GT-SUITE  

  

 

 

 

Schematic outlining CONVERGE/GT-Power Two Way Coupling 

Collaboration with Gamma Technologies 

GTLINK 
• Full GT-SUITE model, with in-cylinder CFD performed  

with CONVERGE 
• With all CONVERGE features and models 
• Good for in-cylinder 3D simulations 

CONVERGE-Lite 
• Simplified version of CONVERGE embedded within  

GT-SUITE 
• Limited CONVERGE features and models 
• Good for intake/exhaust manifold 3D simulations 



Accuracy vs Repeatability 
 Running multiple cylinders and multiple cycles to 

study cycle to cycle variations is becoming very 
common with CONVERGE 

 Very important for GDI engines  

 Auto-ignition studies 

 This brings up an important tradeoff between 
repeatability and accuracy 

 Repeatable results require fewer cycles, yet missed 
important phenomena 

 Accurate results require more cycles to be run 

 For repeatable results, smearing is desirable which 
is promoted by: course mesh, upwinding, large 
timesteps 

 Accurate results can be promoted by using smaller 
cells, smaller timesteps and central differencing. 

 CONVERGE can be run in either mode: highly 
accurate (recommended) or repeatable  

 For repeatable results, disable AMR, use a course 
mesh, upwinding and constant dt 

 For accurate results, enable AMR, variable dt and 
central differencing 
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Multiple cylinder simulation:  
Courtesy Chrysler 
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Jet in crossflow detailed chemistry simulation 



 

• CONVERGE has extensive modeling capabilities for the combustion phenomena: 

• Ignition modeling 

• Knock modeling 

• Mixing-controlled combustion 

• Flame propagation 

• Emissions formation 

 

 

 

 

 

CONVERGE Combustion Modeling Overview 

 

• CONVERGE combustion models allow the user to choose the compromise of accuracy 
and speed: 

• SAGE detailed chemistry solver – generally applicable/highly accurate 

• Shell ignition model (Diesel Autoignition) 

• Characteristic Time Model (Diesel combustion) 

• G-Equation model (Premixed combustion) 

• RIF Model (Diesel combustion) 

• ECFM-3Z -under development – General combustion 

 

 

 

 
LES test case from ICEF2013-19043 
Courtesy General Motors 



Grid Convergent Combustion Modeling 

Grid Convergence  

Empiricism 

Combustion mesh dependencies 

• Combustion models are often sensitive 

to the mesh 
– This often leads to model tuning and more 

empiricism 

• The recommended approach with 

CONVERGE is to use: 
– More chemistry 

– Sufficient mesh to resolve flame 

– Less empiricism 

 

More mesh 
More chemistry 
Higher accuracy 
Little/no tuning 

More empiricism 
Course mesh 
Less chemistry 
More tuning 
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14PFL-0442 
Modeling Turbulent Combustion Using a RANS Model, 
Detailed Chemistry, and Adaptive Mesh Refinement   

Diffusion flame grid convergence study 

Premixed gasoline engine  grid convergence study For both premixed and 

diffusion flames, as mesh 

is refined, grid convergent 

behavior is approached 



ECFM-3Z Model Overview 

• Premixed combustion  -  Extended Coherent Flamelet Model (ECFM) [1]  

• Partially Premixed combustion 

• Non Premixed combustion  

Schematic of ECFM3Z model  computational 
cell (from [2]). 

[1] O. Colin, A. Benkenida and C. Angelberger, “A 3D Modeling of Mixing, Ignition and Combustion Phenomena in 
Highly Stratified Gasoline Engines,” Oil & Gas Science and Technology, Rev. IFP, Vol. 58, No. 1, pp. 47-62, 2003. 
[2] O. Colin and A. Benkenida, “The 3-Zones Extended Coherent Flame Model (Ecfm3z) for Computing 
Premixed/Diffusion Combustion,” Oil & Gas Science and Technology - Rev. IFP, Vol. 59, No. 6, pp. 593-609, 2004.  

Mixing Model + Flamelet Model (ECFM-3Z) [2] 

Diesel sector test cases using  ECFM-3Z model 

ECFM-3Z SAGE 



Representative Interactive Flamelet (RIF) Model 
• Non-Premixed Combustion model including single and multiple flamelets 

• CONVERGE 2.1 includes the FORTRAN-based RIF model from Norbert Peters (RWTH Aachen) 

• Re-implementing a C version of RIF and parallelizing it to gain advantage over multiple processors 

– The 1d flamelet chemistry is parallelized in the new version 

– Makes use of analytical evaluation of Jacobian matrix 

RIF SAGE 



G-Equation Combustion Model 

25 



SAGE Detailed Chemistry 
 

• For combustion modeling, the SAGE detailed chemistry solver is available as a standard feature: 

• Imports mechanism in CHEMKIN format 

• Parallelized independently from the flow for maximum efficiency  

• Does not require empirical modeling for different combustion regimes 

• For reasonable mechanisms and sufficient mesh resolution, no model tuning is required 

 

• Convergent Science recommends that SAGE is used for all engine types (assuming the additional 

runtime can be afforded and a valid chemical mechanism is available) 

 

• SAGE is commonly used to model all combustion regimes (Diesel, natural gas, dual fuel, gasoline, auto-

ignition etc) 

 

• Significant resources are devoted to making the SAGE chemistry solver as fast as possible without 

compromising accuracy (SAGE run times are approaching those of empirically based models) 

• Multi-zone solver 

• Iterative solver 

• Dynamic mechanism reduction (v2.2) 

 

• The goal is to use bigger mechanisms, more cycles, more cylinders 

 

 

Auto-ignition locations (red) and liquid 
spray droplets for dual fuel (Iso-
octane+Diesel) test case. Courtesy 
Chrysler Group LLC.   



Mechanism Reduction 
• When using the SAGE detailed chemistry 

solver with CONVERGE, the user must supply 

a reaction mechanism 

• There is no theoretical limit to the number of 

species and reactions used in CONVERGE  

• CSI has developed a mechanism reduction 

toolkit with the goal of minimizing the 

mechanism size while maximizing the accuracy 

•  This toolkit is called Parallel Directed Relation 

Graph with Error Propagation and Sensitivity 

Analysis (PDRGEPSA) 

•  Unimportant species and reactions are 

removed to generate a skeleton mechanism 

• In v2.2, dynamic mechanism reduction is 

available 

 

 

 
Number of species vs crank angle showing 
the computational speed provided by 
dynamic mechanism reduction 



SAGE – Speed Improvements 

654 Species, 2827 Reactions Total Time (days) 

SAGE detailed chemistry solver 150 

SAGE-Multizone, Direct solver 60 

SAGE-Multizone, Iterative solver 8 

SAGE-MZ-Dynamic mechanism 
reduction, Iterative 

2   (v2.2) 

SAGE-Multizone running on GPU ??  (results soon) 

• Mechanisms with up to 1,000 species 

can now be simulated 
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Detailed chemistry in CONVERGE is getting 

faster and faster 

 

The goal is for detailed chemistry to be as fast 

(or faster) than empirically based models 



Iso-surface of temperature showing the flame front (red) and locations of auto-ignition 
(blue) for spark ignited engine.  Courtesy Chrysler Group LLC. 

 

Auto-Ignition Modeling in CONVERGE 

• If SAGE is used, auto-ignition is 

predicted directly without any other 

submodels required 

Flame propagation with multiple autoignition events (flame is a red isosurface, H2O2 
is a black isosurface) .   Courtesy Prometheus Applied Technologies 

Lube oil autoignition locations and heat release rate 
Courtesy Prometheus Applied Technologies 



Auto-Ignition Modeling in CONVERGE 
SAGE and Adaptive Mesh Refinement for Flame Propagation Simulation 

Iso-surface of temperature showing the flame front (red) and locations of auto-ignition 
(blue) for spark ignited engine.  Courtesy Chrysler Group LLC. 



Convergent Science in the News  

CONVERGE with SAGE detailed chemistry 

solver used for auto-ignition prediction 
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Spray combustor simulated with LES and detailed chemistry 



Spray Modeling Overview 

• CONVERGE has a rich set of models to simulation spray injection and atomization 

• Breakup 

• Kelvin-Helmholtz breakup  

• Rayleigh-Taylor breakup  

• LISA sheet breakup  

• TAB breakup 

• Drop collision and coalescence 

• O’Rourke numerical algorithm 

• Collision mesh option  

• Wall Film model 

• A particle-based wall film model is available in CONVERGE 

• Film splashing, separation and evaporation is included 

• Nozzle flows 

• Cavitation modeling 

• Moving nozzles readily handled 

• Great care is taken to assure spray models are grid convergent 

  

 
 

 

Diesel spray simulation 

Som et al., 
Combustion and 
Flame 157 (2010) 
1179–1193 

0 KHr B 
1n KH KHv C  

Cavitating nozzle simulation  Zhao et al. ASME 2013 
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Spray Modeling 
• Lagrangian spray models are known to be extremely grid sensitive 

• One option is to introduce more empiricism in the spray models => this is against the CONVERGE 
modeling philosophy 

• The CONVERGE approach is to utilize meshing tools, numerics and physical models to create a grid-
convergent approach 

• Run simpler test cases (both RANS and LES) such as spray bombs to understand the mesh 
requirements for grid convergent answers and the tradeoff in run times 

• Use knowledge about run time vs accuracy learned from the simpler cases to full engine analysis (run 
with confidence) 

 

 

  

 

 

 Grid A 

Grid B 

Grid C 
Grid D 

Grid Convergence  

Empiricism 

Spray grid dependencies 

Finer mesh 
Enhanced numerics 
Higher accuracy 

Loss of accuracy 

Other CFD codes  show large grid 
dependencies for spray simulations 



Grid Convergent Spray Modeling 
• Adaptive Mesh Refinement (AMR) 

• Must be able to run cell sizes below the point of convergence 

• Allows the use of very fine grids near the spray while keeping the overall cell count low 

• Fully Implicit Momentum Coupling 

• Improved Liquid-Gas Coupling 

• Taylor series expansion to calculate the gas-phase velocity 

• Temporal Liquid Mass Distribution 

• A common error is to keep the number of injected parcels the same as the mesh is refined  

• Current approach significantly increases the injected number of parcels as the embed scale is increased 

• Spatial Liquid Mass Distribution 
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Comparison of measured and predicted liquid 
penetration for evaporating spray case 

Comparison of spray centerline vapor mass 
fraction for a range of mesh resolutions.  

As mesh is refined, 

grid convergent 

behavior is 

approached 



Spray Modeling 
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Mesh size influence on run time and accuracy for simpler test case 

Knowledge of run 
time & accuracy 
tradeoff for spray 
modeling grid effects 

Full engine simulations done 

with confidence 

CONVERGE offers meshing tools other 

codes don’t have, allowing for mesh elements 

to be added when and where they are 

needed to minimize grid dependencies. As mesh is refined, grid 

convergent behavior is 

approached 
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Grid Convergent Engine Modeling 

 Grid-Convergent Engine Simulations 
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OH* Chemiluminescence vs. OH iso-surface, 7.5 degrees after SOC 

*Senecal et al. ASME 2013 
Collaboration with Caterpillar Inc. and  

Sandia National Laboratories 

The grid-convergent methodology results in  
excellent agreement with global combustion  
behavior as well as flame lift-off length and  
flame location with no model tuning 

2 million cells utilized 
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1-D Spherical Droplet Heating 

• Current method is 0-D, assuming uniform temperature. 

• New method is 1-D, assuming spherical symmetry for more realistic heating and evaporation. 

• User can choose number of cells for FV heat equation solver and threshold below which model switches back to 0-D. 

• Effects of droplet recirculation can be simulated via effective thermal conductivity model. 

 

1D model (bottom) results in more rapid surface heating, which speeds up evaporation, enhancing the 
cooling the gas, resulting in a delayed flame as compared to the 0D model (top). 



New Spray/Wall Interaction Model 

39 

Regime Map for Spray/Wall Interaction According to Kuhnke 

Dominik Kuhnke, Spray/Wall-interaction Modeling by Dimensionless Data Analysis, Shaker, 

Aachen, 2004 [Ph.D.Thesis]  

•  K number : 

 

 
 

•  combination of 

Weber number 

and Laplace 

number: 
 

  

•  accounts for 

the effects of both 

kinematic 

condition and 

size of the spray 

droplets. 
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New Spray/Wall Interaction Model 

40 

Old model New model 

1.25w

boil

T

T


0.9w

boil

T

T




   Fuel Injection Modeling 

 Internal Nozzle Flow Simulations 

41 

DP=70 bar 

• Volume of Fluid (VOF) method to model  
two-phase flow 

• Cavitation is modeled with the  
Homogeneous Relaxation Model (HRM)  
of Schmidt  

• High Resolution Interface Capturing (HRIC)  
is used to sharpen the gas-liquid interface 

• Void fraction AMR is used to sharpen the  
gas-liquid interface  

*Zhao et al. ASME 2013 

DP=60 bar 

Winklhofer Nozzle Test Case 
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Comparison of CFD temperature and optical image for HCCI 
engine (from ICEF2013-19216) 
Courtesy General Motors 



   Emissions Modeling – Current Approach 

 NOx Calculations 
• Extended Zel’dovich reactions 

• More complicated NOx chemistry (e.g., including NO2) can be included 
through the chemical mechanism  

s

sf so

dM
M M

dt
 

 Soot Calculations 
• Two step model using fuel or C2H2 as the formation species and the NSC 

model for oxidation 
 0.5 expsf sf sf u formM A P E R T M 

6 s

so so total c

s s

M
M A R MW

D


0.7ms 

0.9ms 

1.3ms 

1.7ms 

2.1ms 

2.5ms 

3.2ms 

Soot Data from LM Pickett & DE Siebers,  
Combustion and Flame 2004 

LES RANS 

Collaboration with  
Argonne National Lab 



Partnership with Prof. Mauss 

Convergent Science is working closely 

with Prof. Fabian Mauss of BTU-Cottbus 

on soot modeling 



 Emissions Modeling – Roadmap 



Mauss Soot Model (1) 



Mauss Soot Model (2) 



Mauss Soot Model (3) 



Section Rate Soot Model 



Mauss Model vs. Section Rate Model 
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Conjugate Heat Transfer (CHT) 

• Older versions of CONVERGE could only simulate the fluid flow (no 

solids) 

• Appropriate wall thermal conditions must be specified 

• Many clients currently couple CONVERGE with a separate heat 

transfer code (such as NASTRAN) to determine the solid metal 

temperature 

• The coupling process is as follows: 

• CONVERGE is run (fluid only) using assumed wall thermal boundary 

conditions 

• CONVERGE exports the wall heat fluxes to the separate heat transfer tool 

• The metal temperature is calculated using (outside of CONVERGE) and new 

thermal boundary conditions are passed to CONVERGE 

• The process it repeated until the metal temperature is converged 

• This process works, but is less than ideal 

• Interpolations must be done at the solid/fluid interface 

• Code coupling required 

• Run times can be long as many iterations are required 

• A significantly better approach is available in CONVERGE 2.1, making 

the above coupling obsolete 

• Let’s first provide an overview of the challenges associated with CHT 

 

 

 

 

 

 

 

 

 

 

CONVERGE CFD simulation calculates the 

wall heat fluxes via wall functions 

Heat transfer code solves heat transfer in 

solids and determines temperature field at 

boundaries 

Heat fluxes 

Spatially 

varying 

temperature 

boundary 

conditions 

Iterate until converged 

Conjugate heat transfer (both fluid and solid) simulated 
in CONVERGE without any coupling with other tools 

Conjugate heat transfer coupling CONVERGE (fluid 
portion) with other simulation tools (solid portion) 



http://www1.eere.energy.gov/vehiclesandfuels/pdfs/merit_review_2012/adv_combustion/ace014_carrington_2012_o.pdf 

Conjugate Heat Transfer (CHT)  

• It is well known that fluid flow and heat transfer are associated with drastically disparate timescales (fluid flow is fast, heat 

transfer is slow) 

• As an example, when a car starts in the winter, the combustion happens immediately yet many seconds (and piston 

revolutions) go by until the engine block temperature reaches steady state 

• One option for modeling this CHT process is to couple the heat flux every boundary cell every timestep 

• However, this approach will produce excessive run times as many thousands of piston revolutions much be modeled 

• Another approach is to time average the heat fluxes and couple every piston iteration but this is less than ideal 
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• In v2.1 CONVERGE can perform conjugate heat transfer (fluid 

and solid portions) all is one simulation 

• Therefore,  coupling with other heat transfer tools will no longer 

be necessary to determine the metal/fluid temperatures 

• Like the fluid flow, all meshing for conjugate heat transfer will be 

fully automated and done by CONVERGE at runtime 

• Appropriate super-cycling techniques for handling the disparate 

time-scales of heat transfer and fluid flow will be available to 

minimize run times 

• The super-cycling averages heat fluxes and periodically freezes the 

fluid flow and solves the energy equation steady state 

• Then fluid and solid regions are solved together to adjust to the new 

solid temperature field, and prepare for the next super-cycle stage 

• The user controls the averaging periods and coupling frequency 

• Testing has shown that steady metal temperature can be achieved in 

approximately three piston revolutions 

• Current testing is done on simulating the combustion and heat 

transfer to the block and coolant flows (results coming soon) 

Conjugate Heat Transfer 

ICEF2013-19227 



• CONVERGE is a powerful tool for rapidly and accurately simulating ICengine flow, spray and combustion 

• CONVERGE users can perform engine analysis cheaper, faster and better than with competitors’ products 

• Leverage economies of scale by using one common CFD tool for all engine types 

• With geometry/meshing issues largely removed, clients are free to perform simulations which push the technical 

envelope (knocking, multi-cylinder, detailed chemistry etc) 

• By using CONVERGE, engine manufacturers can design engines instead of making meshes 

 

• There are many exciting new developments with CONVERGE: 

• CONVERGE Studio for setup  

• Gamma Technologies collaboration (CONVERGE-Lite & Two way coupling) 

• CONGO for genetic algorithm optimization 

• SAGE continues to get much faster  

• Injector modeling with cavitation  

• Grid convergent spray modeling 

• Conjugate heat transfer  

• Eulerian spray modeling 

• HPC performance improvements (METIS etc) 

• Advanced emissions modeling 

 

• CONVERGE will continue to push the technical envelope with goal of helping our clients’ in their never ending 

quest to provide cleaner and more fuel efficient engines to the global marketplace 

Conclusion 

Use CONVERGE CFD and never make a mesh again 


