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Objective

The objective of this research is to use the multi-resolution approach with 
distributed computing for thermal design and management of heat generated in 
vehicles by multiple electronics packages in close proximity.

Approach

Many physical systems are sufficiently complex (geometric and physics-related) making 
fully-resolved simulations impractical due to complicated gridding and very slow execution 
times. Moreover, a single software package may not have all the capabilities required for 
complete vehicle thermal analysis. Modern army vehicles with conventional and hybrid 
power systems with heat-generating power electronics modules is one example.

Distributed multi-resolution approach sidesteps these difficulties by: a) partitioning a 
complex system into interacting sub-components that can be represented by reduced 
models of varying levels of fidelity; and b) using several codes in coupled parallel execution, 
each performing a set of specific computational tasks and exchanging information in real 
time. For generality, information exchange takes place with an aid of a simulation 
environment that allows addition of additional system component models and legacy codes 
with minimal code modifications. Such a computing approach is also known as grid, or co-
simulation. Several examples related to vehicle thermal prototyping and reactive flow 
modeling show the advantages of this approach for analysis of complex systems. 

INTRODUCTION



DISCUSSION

• Physical prototyping and full CFD system-level simulations are expensive and time-
intensive; multi-resolution simulations provide an optimum balance between desired
accuracy, simulation times, and computational resources.

• Distributed multi-resolution simulations is an enabling approach for system-level  
analysis of complex systems. Care must be taken to ensure that correct boundary
(and interior) information is passed between the system components.

• Multi-resolution simulations can significantly accelerate the analysis of flow-thermal
processes. Acceleration is due to lower number of computational cells resulting from 
replacement of fully gridded system components by equivalent reduced models.

• Using a simulation environment to broker information transfer, the approach allows
coupling of different codes with different functionalities to obtain integrated results not
possible with any one individual code.

• Three demonstration cases are presented with comparisons of multi-resolution simulations
to their full grid equivalents (A fourth example can be found in a related poster “Multi-resolution
Prototyping Of Li-ion Batteries) :

� Reacting flow in a combustor-nozzle system;
� Vehicle cab model with embedded electronics packages;
� Code coupling for internal-external simulations for analysis of thermal signatures.. 

• Compared to full 2D-3D CFD simulations, 
� The multi-resolution (CFD + ANN) tool provides excellent accuracy 
� The CFD + ANN tool enables significant speed-up of simulations (2x for basic vehicle cab;

20x for Li-Ion battery pack simulation)
• In realistic vehicles containing tens of complex electronics packages, the savings in
system-level simulation time is expected to be very significant .



Environment for Code-to-Code Communications

Multi-Resolution, System-Level Simulations Can be P erformed Using a 
Software Environment That Couples Interactions Of R educed And/Or
Full-Scale Component Models that Comprise a Complex  System.

Component models (Slave Plant)
communicate with sub-environments
(Master Controller) through API (Application
Programming Interfaces). APIs are codelets
that can be appended to any stand-alone
component code.

Arbitrary number of component models
communicate with sub-environments
that execute data processing and routing
tasks. CORBA communications
protocol allows distributed computing.

General Environment Capabilities
• Large class of reduced modeling capabilities
based on Artificial Neural Networks (ANNs).

• Can transfer a wide variety of boundary and
interior data between multiple components. 

• API implementation in legacy codes: CFD-ACE+,
OVERFLOW, VULCAN, MuSES.

• Distributed computing across the Internet.



Examples of Multi-Resolution Simulations:
Complex Domain-to-Domain Communications
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Examples of Multi-Resolution Simulations:
Vehicle Cab with Internal Heat Sources from Electro nics

Model
Vehicle Interior

Electronics
Package

Simple Vehicle Model

Simple
Package 1

Complex
Package 2

• Two Package Configurations Used
� Simple box-in-box w/ source
� Complex package: desktop PC

• Analysis for two connected systems
� Cab space: 3D CFD flow-thermal

simulation
� Embedded electronics : trained

reduced models

• Reduced models were modeled using
Artificial Neural Networks (ANNs) 

• Reduced ANN models of packages were trained
to predict wall heat flux + temperature at a 
monitor point, given wall temperatures as input. 

• Training data was obtained from full CFD sims.
for constant power and air flow with different 
temperature combinations set on package walls:
� Three different T used (15, 25, and 35 deg C)
� All possible combinations => 3^6=729 cases.

• Given the training data, training time was ~ 1 hr
for a 6-40-40-7 topology

Comparison between CFD (red)
and ANN predictions (black)



Examples of Multi-Resolution Simulations:
Vehicle Cab with Internal Heat Sources from Electro nics

Temperature Fields in a Vehicle with 3 Simple 
Box-in-Box Electronics Package Models

Full CFD simulation Multi-Resolution (CFD+ANN)
• In the multi-resolution simulations, the vehicle ca b space was modeled using

CFD and internal electronics packages were modeled using ANN-models.
• Trained ANN-models were ‘embedded’ at various locati ons inside the

CFD model (data exchange was performed at the inter faces).
• Excellent match of results was obtained between the full CFD and CFD-ANN

simulations.
• For this case, CFD-ANN grids have 16% fewer cells, resulting in acceleration of

simulations by over a factor of 2.



Examples of Multi-Resolution Simulations:
Compound Simulations: Linking to Legacy Codes

Radiating Sphere (With Set Temp.) 
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Data Exchange for Thermal Signature Analysis using MuSES Code
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