
1.)  Design a system level (SL) nested co-design algorithm to optimize 
performance elements for a thermal-fluid system (TFS)
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2.) Develop design-only component level (CL) optimizations for a shell 
and tube heat exchanger (HX) and each centrifugal pump in the TFS

3.)  Integrate SL co-design and CL design optimization algorithms

Pass SL targets to CL

Pass optimal components back up to SL
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Overall Research Objective:
Develop a new design approach for complex systems by merging the 
concepts of hierarchical (integrated) design optimization and CCD to 
develop a novel hierarchical CCD algorithm

System Level:  CCD vs. Conventional Design for a thermal-
fluid system

Our future work involves building an optimal TMS and validating the 
hierarchical co-design framework experimentally

As technological advances create the need for complex integrated 
systems, a new design paradigm is needed to realize the demands of 
next generation systems

Control co-design (CCD) offers a chance to reimagine the way in 
which we design complex systems

CCD requires a reduced-
order model of the system 
dynamics

Detailed design decisions 
should be coordinated 
across a hierarchy to 
ensure optimal transient 
system operation

Our research focuses on thermal-fluid systems; however, the concept 
of hierarchical CCD can be applied to any complex system

Component Level: Dynamic HX optimization offers improved 
transient performance compared to conventional methods

The heat removal 
time constant is 4x 
faster in the 
dynamic case

Static pump optimization 
selects pumps to operate 
near a best efficiency point 
while nominally operating at 
desired flow rates

Dynamic HX optimization 
uses model’s eigenvalues 
to optimize transient 
performance in addition to 
design properties 

Control objectives: regulate (1) the system’s entropy generation 
rate 𝑆̇𝑆𝑔𝑔𝑔𝑔𝑔𝑔 and (2) heat addition surface temperature 𝑇𝑇𝑤𝑤,𝑎𝑎

SL co-design algorithm ensures 
components are connected and 
operated to optimally to achieve 
specified performance objectives

CL design algorithms provide a 
method of selecting physically-
tractable components that can be 
controlled in an optimal manner 
within an integrated system
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The co-designed systems are more robust to transient 
disturbances that are common to thermal-fluid systems
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General System Hierarchy

SL outer loop optimizes steady-
state performance and system 
design properties

SL inner loop optimizes transient 
performance and feedback control 
elements

SL model is 
low-fidelity, or 
reduced order

CL models are high-
fidelity with detailed 
component geometries
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