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Brief COOLERCHIPS Project Overview

Project Vision

• 126 kW rack with 1000 W chips operating at PUE < 1.04 (@ 40 ℃ ambient)

• Water-based phase-change system   

• ~70 ℃ exit primary loop temperature 

Team member Location Role in project, core competencies

University of Florida Gainesville, FL Lead, heat sink and system design and integration

Boyd Corporation Laconia, NH Manufacturing, liquid cooling and phase change 

University of Maryland College Park, MD Reliability assessment

NREL Golden, CO Packaging and DC-level testing

TRINA Ann Arbor, MI Thermomechanical Modeling
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Opportunity and Challenges
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Property R-1234ze(E) Water

Thermal Conductivity ~0.105 W/m·K ~0.6 W/m·K

Latent Heat ~145 kJ/kg ~2260 kJ/kg

6x

15x

Temperature (°C) 100 (1 atm) 70 (0.4 atm)

Vapor Volume (m³/kg) 1.672 7.555
4.5x

• Sensitive to pressure drop and hydrostatic pressure

➢ Conventional heat sinks do not work

➢ Major hydrostatic pressure difference along the rack height  

• Sub-ambient pressure operation and ingress of non-condensable gas (NCG)   

Taking advantage of unique properties of water, a new heat sink and system-level 

innovations   



Addressing Flow Maldistribution and High Pressure Drop 

3

• Membrane servers as mass controller 

➢ GPUs can operate at 0-100% load 

without affecting each other

• Vapor exit quality is 100% 

➢ Enabling compact in-rack condenser   



Rack Architecture and Implementation in Data Centers
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• Constant liquid supply 
pressure 

NCG Removal Direct Integration with Primary Loop

In-rack CDU



Generations of Data Center Liquid Cooling
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UF COOLERCHIPS

Refrigerant Refrigerant 



Component-level Performance Validation
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• Cold Plate Thermal Performance: chip-to-

secondary Coolant

➢  Measured thermal resistance on TTV (1000 W 

over 44 cm2 representing Nvidia GB300 GPU 

heat flux): 0.006 °C/W

Tchip  – Tfluid = ~6 +/-0.35 ℃ 
chip

• Condenser Thermal Performance: secondary 

coolant to primary coolant 

➢ Measured thermal resistance: 0.00016 °C/W

Rack Power Density: > 100 kW/m3



Full-scale Server
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Full-scale Rack Performance Validation



Scaled Down Rack Model
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Case 1 30 0.143 74 4.78 50

Case 2 50 0.143 74 4.95 70

Case 3 70 1.43 74 5.13 71.3

12 Membrane Heat Sinks
1 kW each → 12 kW total load

Cases:

• Exit vapor quality of 1 from all the heat sinks and the exit 
vapor temperature is ~74°C for all cases.

• Pump power remains negligible compared to IT load in all 
scenarios.



Full-scale Rack Model



Scaling to 1 MW Rack
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‣ Proposed concept for 1 MW racks: split the rack into 
multiple vertical zones and extract vapor at several 
heights instead of a single outlet.

‣ Each condenser handles only a fraction of the total 
rack load, so the vapor flow in each manifold segment 
is reduced and velocities remain within safe limits.

‣ This architecture keeps pressure drops low, reduces 
risk of erosion, noise and droplet carryover, and 
avoids the need for oversized vapor manifolds.

‣ Ongoing work: extend the existing server and 126 kW 
rack models to this 1 MW multi-extraction layout and 
compare velocity, pressure and pump power against 
the single-manifold baseline.



Techno-economic Analysis (@ 40 ºC Ambient)
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saeedmog@ufl.edu

Q & A 
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