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TRANSIENT THERMAL SYSTEM 
MODELING AND CONTROL 

ABSTRACT:  
In this talk we will discuss the transient modeling of thermal systems.  We introduce a modeling 
approach that we have taken for understanding and predicting transient dynamic phenomena 
in systems containing Vapor Compression Cycles as the primary source of thermal system 
management.  These include standard AC/R units as well as those involving secondary loop systems.  
The overall goal of the modeling process is to develop systems-level models that are sufficiently 
flexible to be used on a variety of different applications.  These models balance complexity with 
accuracy to obtain models that are sufficient for dynamic optimization and design as well as decision 
and control algorithms.

The systems are represented by interconnected modules consisting of component models.  The 
modular framework is chosen so as to maximize modeling flexibility.  The components are connected 
using typical thermodynamic relationships.  The system components can be separated along fast and 
slow time scales with the fast time scale components being reduced to static functions.  The slow 
dynamic components are the elements that store thermal energy, such as heat exchangers via their 
thermal capacitance. A hybrid dynamical systems model for multi-phase heat exchangers is used to 
compactly represent these systems in a form amenable to diagnostics and control. In addition to the 
modeling developments, a modular simulation environment using a MATLAB/Simulink platform will 
be presented.  It allows for a rapid model development, modification, and verification.  Additionally, 
it allows for real-time embedded model deployment.  Representative examples of the modeling 
approach, as well as the model validation, will be presented.

In addition to the modeling exposition, we will also demonstrate how we develop controller design 
approaches for these systems.  Among the particular controller designs discussed will be the use of 
optimization strategies for enhancing current practice in many AC/R systems.  Demonstration of the 
controller benefits will be given on experimental testbeds.
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