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• To cultivate a collaborative community,
• To strengthen the binding between researchers, 
• a platform for researchers:

– to forge connections, 
– expand their professional network, 
– and seek inspiration from their peers.



Gratitude 
• Drs. C. Zhao, M. Opolot, A. Medon, M. Calati and 

Mr. R. Flewel-Smith

• ARENA & ASTRI through CSIRO, UniSA, UQ, & 
UniPD
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Home & Away!
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High grade heat
• Power to heat
• Waste heat recovery 
• Solar energy 
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Power to heat
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(Fraunhofer)



Waste or renewable? 
• Around one-third of the energy used 

for industrial production in the EU is 
lost as “heat” 
Bianchi et al. (2019)

Papapetrou et al. (2018)
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Heat market
• Peer-2-peer: marktplaats!
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Energy in Australia 
• Export: coal, iron ore, gas…
• Renewables: hydro, solar, wind.
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Negative price  

4/9/19
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Let’s peel the onion 

Technical, 

Contractual. 
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Solar Energy 
• Intermittent 

and local
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Concentrated Solar Power 
(CSP)
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CSP: ASTRI
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Storage at high temperature
• How high? 

– Thermodynamics: The higher the better.                   (I)
– Economics: Cost goes through the roof at high TITs. (II)
– Technoeconomic analysis: MC results.      (I) + (II)
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Salts 
• Low conductivity, corrosion.  

UniSA Material Tm (ᵒC) L (J/g) Cp, s/l (J/g∙K) k, s/l (W/m∙K)

PCM570 Na2CO3-KCl-
NaCl 569 249.6 1.34 / 1.41 0.6/0.5

PCM635 NaCl-Na2CO3 635 311 1.25 / 1.55 0.6/0.5

PCM710 Na2CO3-K2CO3 705.8 144.9 1.54 / 1.5 0.6/0.5
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How to increase k?
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• Nanoparticles, fins, foams, 
encapsulated PCMs
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Foams: low-T tests 
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Fins?
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Thermal storage design 
• Stefan problem
• Inexpensive fins
• Coating 
• Optimization
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Criteria 

Anticipated performance, 

Meticulous, 

Cost,

Pragmatic.
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Heat exchanger design 

• HTF: tube side 
• PCM: shell side 
• Corrosion.
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ANL tests
ANL-ESD 17/10
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Cost  
Foam vs 
periodic structures
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Further cost reduction: coating 

16/04/2024 Energy Community Day 25



Mesh  
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Set-up 
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PCM tests: Na2CO3-KCl-NaCl
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Design: Back to drawing 
board!
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Numerical results 
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Fin number density 
• Free convection along a vertical plate (here a fin): 
• 𝛿𝛿𝑣𝑣~Pr0.5𝛿𝛿𝑡𝑡
• 𝛿𝛿𝑡𝑡~𝐿𝐿𝑓𝑓𝑅𝑅𝑎𝑎𝐿𝐿−0.25

• Interferences of adjacent boundary layers:
• 𝑑𝑑𝑠𝑠,𝑚𝑚𝑚𝑚𝑚𝑚~2𝛿𝛿𝑣𝑣

• 𝑑𝑑𝑠𝑠,𝑚𝑚𝑚𝑚𝑚𝑚~2𝑃𝑃𝑃𝑃0.5𝐿𝐿𝑓𝑓𝑅𝑅𝑎𝑎𝐿𝐿−0.25
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Fin length 
• Infinite ml for a fin (ml <2)

• 𝑚𝑚2 = ℎ𝑝𝑝
𝑘𝑘𝑠𝑠𝐴𝐴

• 𝑚𝑚𝐿𝐿𝑓𝑓 = ℎ𝑝𝑝
𝑘𝑘𝑠𝑠𝐴𝐴

0.5
Lf < 2

• ℎ = 2𝑘𝑘𝑓𝑓
𝑑𝑑𝑠𝑠

• 𝐿𝐿𝑓𝑓2~𝑑𝑑𝑓𝑓𝑑𝑑𝑠𝑠
𝑘𝑘𝑠𝑠
𝑘𝑘𝑓𝑓
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Shell size
• Short fin in a large shell:
• Mushrooms with the same penetration rate in 

both direction
• 𝐻𝐻 − 𝐿𝐿𝑓𝑓 ~0.5 𝑑𝑑𝑠𝑠
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Results 
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Conclusion 
• Transient convection-conduction balance, 
• Practicality: contact resistance, corrosion, fast 

charge/discharge, 
• Cost reduction,
• Imagination; pen-&-paper game,

• Simple yet pragmatic (engineering) solutions. 
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THANK YOU VERY MUCH! 
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