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Summary of Emerging Technologies for Optimum Cooling of Data Centers—
Fundamental and Case Example Demonstration: 
 
The enormous energy and power demand in data centers and other mission critical facilities 
continue to provide significant opportunity for savings of capital and operational resources 
through innovative solutions and technologies.   Use of optimum cooling methods, utilization 
of emerging software and hardware for monitoring and control of energy/water consumption 
and risk/reliability assessment of emerging measures such as free air cooling and direct 
immersion cooling can contribute to major energy savings and environmental 
sustainability.The need for standards that establish relevant guidelines and best practices is 
another critical need in Data Centers.  In this presentation fundamentals of data center 
cooling and optimization mechanism are first discussed and select common energy 
conservation opportunities are identified. This will be followed by presenting a case example 
in which both computer simulations of the data center energy consumption, as well as 
experimental measurements were performed and compared against each other. The 
corresponding energy conservation measures (ECMs) and the lessons learned are 
discussed. The lecture will collectively address some of the main issues of current interest in 
data centers/mission critical facilities, as well as future trends in this fast growing technology 
area. 

Summary of Applications of Additive Manufacturing in HVAC and Energy Conversion 
Systems—Current Status and Future Potential: 

High-performance thermal management devices are used in many industrial sectors, 
including applications in HVAC/Refrigeration, electronics cooling, waste heat recovery, 
conventional and renewable energy conversion, and advanced thermal and electrical energy 
storage.  These devices, however, often incur increased pumping power penalties and 
manufacturing costs, limiting further enhancement of heat/mass transport rates for single-
phase (particularly gas-side) and phase-change processes.  To develop next-generation 
heat/mass exchangers that have substantially better overall performance and can meet size, 
weight, and pumping power requirements while maintaining an affordable cost, innovative 
designs, materials, and manufacturing techniques are needed.  One such manufacturing 
technique is additive manufacturing. For example, additive manufacturing (AM) can deliver 
disruptively high air-side heat transfer coefficients with low pumping power penalties with 
optimum flow distribution and fin/wall thickness/feature size.  Another example of the 
potential impact of additive manufacturing is its use in high temperature heat exchangers for 
power production and waste heat recovery applications, which are subject to large thermo-
mechanical stresses under highly transient engine loading profiles.  In this presentation I will 
review some case studies that demonstrate the potentially disruptive opportunities of additive 



manufacturing for heat and mass transfer applications.  This will be followed by a brief 
discussion of future technical possibilities and opportunities for multi-disciplinary 
collaboration.  

 


