Motlvatlon

Thermal management systems (TMSS) integrated with phase-change thermal energy storage (TES) devices provide
robustness against highly transient heat loads produced by electrical systems are called hybrid TMSs

 TES iIs designed to provide additional heat rejection capacity only when needed, so its operation must be actively controlled

* Inthe design of a particular hybrid TMS, footprint and volumetric constraints may play a decisive role in forming the
feasible design space

« Geometric constraints may be alleviated by the arrangement of multiple, smaller TES devices
 Closed-loop evaluation of hybrid TMS system performance is needed to characterize different TES arrangements

Approach and Methodology

The single-phase cooling loop considered in this work is shown
on the right. The cold plate and heat exchanger solid and liquid
masses are each modeled as a lumped parameter system. In

addition, the tank is modeled as a single state, assuming perfect |
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* The multi-objective function J is increase in the £ 50
comprised of 3 objectives. 0 33 40 s specific heat around 2 1o}
< o the melting point of o ===,
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* Jcp: Cold Plate temperature is to be regulated below some  Parameter Selected Value  Unit Description
threshold T}, 4, If It Is possible to do so within the horizon of N >t steps Steps in NMPC Horizon
the NMPC. This is achieved using a pseudo barrier function. " . . Control action undate rate
While a true barrier function is asymptotic at the threshold, this P
function is not, allowing the cost function to be defined above ~ Ymin 0.0005  kg-s~' Min allowed tlow rate
the soft constraint. Umax 0.1 kg-s?1 Max allowed flow data
+ Jres: TES device temperature is penalized by a quadratic Allmax 0.02 kg-s™  Maxallowed change in flow rate
function to compensate for the limited time horizon. Tepw,max 40 °C Soft constraint max cold plate
temperature
* J,: Mass flow rate Is penalized to ensure power efficient Ten r 3 oC Chi”erinlei temperature

solutions, and the change is mass flow rate Is also penalized

to minimize actuator wear.
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Above: Table of important NMPC parameters
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The initial temperature of the PCM composite is 10°C, and

the initial temperature of all other states is 15°C.

Main Takeaway:

« The OCP for the parallel configuration is more complex
because each parallel branch has its own control action.
« The system curves for each configuration indicate that

series (1x4) is the least power efficient.
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Left: CP temperature
between case studies
 CP temperature
exceeds the soft
constraint in both

case studies.

Case Study 1: Different Dewce Arrangements

3 arrangements:

Heat Load Input
— =2x2 Configuration
— = -4x1 Configuration
— = 1x4 Configuration
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Left: Heat load profile and heat
rate for case study 1
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Right: Closed Loop Control
Action for case study 1

Total TES mass flow rate Is
the same for each
configuration
Mass flow rate through each
branch is split evenly, though
different mass flow rates were
allowed
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Case Study 2 Different Melting Temperatures

The focus Is on the 2x2 configuration
Same heat load & initial conditions as case study 1

Main Takeaway:
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In fluctuating ambient conditions, different melting
temperatures may absorb less total energy from the
environment than equal

« Control actions change more often, leading to more
actuator wear

TESSbytm

B nch 1: Tm=12.3°C

_______________

~ Left: TES subsystem

MrEs,2 TES,(2,1) o TES,(2,2) TTES, out,2

Right: SOC for case study 2

Lower melting point
reduces initial SOC

Summary & Future Work

Difference is SOC
Increases during
discharge

Key Contributions

Related TES subsystem configuration and PCM phase change
properties to transient performance evaluation via scalable modeling.

Future Work

Explore how different ambient environments affect TES devices with
different melting points.
Investigate how different disturbance profiles impact results

Experimentally validate expected system curves for each TES
subsystem configuration

configuration for case study 2

Branch one melting
point is reduced

All other material
properties the same
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Right: Closed Loop Control
Action for case study 2

mass flow rate switches = %%}
to branch 2 after

discharging branch 1
When recharging, the
higher melting point
TES Is preferred initially

comparison between case studies

« HX energy rate remains the
same
 TES energy rate is different

After mostly melting branch 2, both
branches are used for cooling

[

Total Flow Rate

| — = :Branch 1
I — =Branch 2

e = == =

/'/‘
N\ —— ‘ :'
7
-7 1
— | rx-==-- .‘\- -  J
50 100 150 200 250

t(s)

Acknowledgements

The authors gratefully acknowledge the U.S. Office of
Naval Research Thermal Science and Engineering

Program for supporting this
research under contract
number NO0014-21-1-2352.




	Slide 1

