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Vacuum insulated containers represent a cornerstone technology for thermal insulation, leveraging the physical
properties of vacuum to drastically reduce heat transfer. This paper explores the foundational principles and
applications of vacuum insulated panels and Dewar designs, detailing their respective strengths and limitations.
Furthermore, we introduce the breakthrough Project ICE CAKE innovation, which combines for the first time high
vacuum and multi-layer insulation into a revolutionary hybrid technology poised to redefine the future of vacuum
insulated containers.

Vacuum Insulated Panels

Vacuum Insulated Panels (VIPs) are composed of a porous core material (typically fumed silica) encased within
a vacuum-sealed envelope (typically aluminized polymer films). Low vacuum combined with the nanometric
dimension of the pores together with the low thermal conductivity envelope minimizes conductive and convective
heat transfer, making VIPs good for applications requiring better insulation than conventional polyurethane or
polystyrene foam, but still in a standard box format.
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Figure 1: A typical Vacuum Insulated Panel (VIP).




Challenges and Limitations

- Assembly Gaps: When assembling panels into boxes, inevitable gaps between adjoining panels lead to thermal
bridging, which compromises overall insulation efficiency.

- Aging: Over time, water vapor permeates the encapsulating metallized polymer envelope, gradually increasing
internal pressure. Degradation of vacuum level negatively impacts insulation performance.

- Structural Fragility: The intrinsic porous nature of the core material, combined with the limited strength of the
encapsulating thin polymer films poses design challenges, particularly in applications subject to severe
mechanical stress.

The Dewar: History and Evolution

The Dewar flask, conceptualized by Sir James Dewar in 1892, laid the foundation for modern vacuum insulation
technologies. Its basic principle involves minimizing heat transfer through the combination of vacuum, reflective
surfaces and a suspended double-walled cylindrical design. Initially developed for scientific experiments
requiring cryogenic liquids storage, the Dewar concept has evolved into diverse applications, including industrial
and medical storage solutions.

High Vacuum Flasks

High vacuum flasks are a direct derivation of the original Dewar concept and became ubiquitous thanks to the
brand name Thermos at the beginning of the 20™ century. They are generally double-walled containers made
entirely of stainless steel, making use of a single reflective surface inside a high vacuum gap. High vacuum
effectively suppresses convective heat transfer, while a copper coating acts as the reflective surface for electro-
magnetic radiation, limiting radiative heat transfer. The high vacuum gap is only a few millimeters wide. High
vacuum flasks are good for applications requiring superior thermal insulation close to room temperature.

Challenges and Limitations

- Limited Access: The metal neck has relatively high thermal conductivity because of its thickness, and its
diameter is reduced to limit the associated thermal losses.

- Single Reflective Layer: A single reflective layer is not enough to effectively reduce radiative heat transfer. This
becomes particularly relevant at temperatures much lower than ambient.

Low Vacuum Cryogenic Dewars

Modern cryogenic Dewars are generally double-walled containers made of aluminum and connected via a plastic
or composite neck, making use of Multi-Layer Insulation (MLI) inside a few centimeters low vacuum gap. Pouring
a cryogenic liquid into the container further decreases the pressure in between the inner layers of the MLI,
because of the cryo-pumping effect. The combination of partial high vacuum due to cryo-pumping and the many
reflective layers of MLI makes these devices good for applications where liquids are stored at cryogenic
temperatures.
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Figure 2: A commercial Thermos flask (left) and a liquid nitrogen Dewar (right) cut into sections. The MLI made
by hundreds of aluminized Mylar foils as well as the composite neck are visible.

Challenges and Limitations

- Structural Fragility: the composite or plastic neck is glued to the other metal parts and has limited strength, thus
requiring to always keep Dewars in the upright position.

- Cryo-Pumping Effect: performs well only at those temperatures where cryo-pumping by the stored cryogenic
liquid decreases the pressure in between the innermost layers of the MLI.

A Breakthrough: Project ICE CAKE

Project ICE CAKE introduces a groundbreaking hybrid technology that combines the advantages of high vacuum
and MLI into a single thermal insulation for the first time. This innovation resolves long-standing limitations of
both technologies, offering unprecedented thermal performance, durability, and flexibility in vacuum insulated
containers.

Key Innovations

- The Best of Two Worlds: combines high vacuum with advanced MLI to provide ultimate insulation at any
temperature.

- Enhanced Design: addresses neck structural and thermal limitations, while retaining full compatibility with high
vacuum.
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Fig. 4. Thermal losses of a 3 liters standard cryogenic Dewar and a Project ICE CAKE prototype container having
twice the neck diameter (100 mm vs. 50 mm). Measurements are made using the mass loss method with: boiling
liquid nitrogen, sublimating dry ice and melting ice.

Transformational Benefits
- Thermal Performance: Up to 10x improvement in insulation efficiency compared to traditional systems at -80°C.

- Orientation-Independent Transport: The new all-metal neck allows safe transport in any orientation without
compromising vacuum insulation integrity.

Conclusion

Vacuum insulation technologies, from VIPs to Dewars, illustrate the profound impact of vacuum science on
thermal management. Project ICE CAKE builds upon these foundations, introducing a hybrid approach that
overcomes historical limitations and expands the frontiers of what vacuum insulated containers can achieve. By
offering an unprecedented combination of thermal performance, long term reliability, and adaptability, this
innovation is set to revolutionize the industry.

Future Outlook

The introduction of Project ICE CAKE represents a transformative step in vacuum insulation technology. Looking
ahead, this innovation could serve as a foundation for further advancements. Integration with Phase Change
Materials (PCMs) could create dry ice-free solutions for energy-efficient storage and transportation at ultra-low
temperature (ULT). Combination with low power Stirling coolers would address the emerging need for portable
freezers, down to cryogenic temperatures. Designs incorporating loT-enabled monitoring systems may enhance
real-time performance tracking and optimization. Such developments could redefine thermal management
across industries, from bio-medical logistics to space exploration.
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