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Precision Liquid 
Cooling has 
achieved the 
1000W industry 
cooling milestone

Introduction
In 2023, the prominence of liquid cooling has surged within the data center 
industry, notably driven by the advancements in generative AI technology. 
Despite its presence in the market for over a decade, liquid cooling technology 
had primarily been confined to the high-performance computing sector without 
widespread adoption. Because of the compute densities required for AI,  
the overall rising thermal design power of IT equipment, and the overall need 
for sustainable solutions, the industry has latched onto liquid cooling as the 
solution for solving these challenges. This has been evident by nearly all 
technologists confirming now is the time for liquid cooling solutions to scale. 

One of the challenges faced by liquid cooling solution providers is 
demonstrating the technology’s capacity to facilitate chip-level cooling  
up to and beyond 1000W. The dense IT equipment needed to support AI – 
predominantly CPUs and GPUs – will require this type of cooling capability 
within the next three years. There has been a perception in the industry that 
single-phase liquid cooling is limited to approximately 400W. However, there 
are ongoing efforts to actively demonstrate how single-phase liquid cooling 
can achieve 1000W cooling. 

Iceotope’s enclosed chassis Precision Liquid Cooling solution has achieved 
this industry milestone with our patented KUL SINK designs. This paper will 
share the results from a series of tests recently conducted to demonstrate the 
thermal performance of Precision Liquid Cooling. It will also highlight how the  
technology can go beyond the perceived 1000W limit to compete head-to-head  
with the cooling capable in two-phase immersion technologies without any  
of the risks tied to the fluids used in that technology. 
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Testing Procedure  
A series of tests were conducted on four different Iceotope KUL SINK heat 
sinks using Intel’s Airport Cove thermal test vehicle (TTV), a thermal emulator 
for the 4th Gen Intel® Xeon® Scalable processors. The TTV allows for 
comparison of different heatsinks and thermal interface material (TIM) types 
and can indicate thermal performance on real Xeon processors as the die 
area is identical. The results found in this paper are for the Iceotope designed 
copper KUL SINK in Figure 1. 

The Iceotope KUL SINK was fed with Shell S3X dielectric coolant at 40°C and 
at a range of flowrates up to 7.5 l/min. The Intel Airport Cove TTV was evenly 
heated at a range of input powers up to 1000W.

Thermal performance testing was conducted in three phases. The schematic  
of the set up can be found in Figure 2 below. Phase 1 was the thermal testing  
of all Iceotope heatsinks. Phase 2 involved testing the solid copper KUL SINK 
at 1000W input power. Phase 3 included testing the solid copper KUL SINK 
with different TIM types. Flow rate was deduced by measuring the difference  
in pressure across the two dielectric pressure sensors.

Figure 2. Schematic of test set up

Figure 1. Photograph of TTV and Heatsink assembly
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It is critical for 
data center 
operators to 
know they 
are future 
proofing their 
infrastructure 
investment for 
1000W and 
beyond

Test procedure:
1.	 The Heat Rejection Unit (HRU) was set to circulate a supply of cooling water 

to a plate heat exchanger (PHE) within the test stand.     

2.	 On the test stand, a dielectric pump circulated the S3X dielectric coolant 
through the PHE before supplying the heatsink with dielectric at a known 
temperature and flowrate.   

3.	 Once the dielectric has passed through the KUL SINK, it is allowed to 
overflow the KUL SINK and passes into the sump of the test stand before 
returning to the pump. This is analogous to a real Iceotope Precision Liquid 
Cooling system, where overflowing coolant exiting the KUL SINK would 
then be absorbing heat from all the other ITE components on the system 
motherboard, before returning to the pump.

4.	 The temperature of the dielectric was continuously monitored. A constant 
dielectric supply temperature was achieved by controlling the water-side 
flow rate and temperature of the HRU.

5.	 The flow rate of the dielectric was determined by measuring the pressure 
drop across the PHE. The characterization of flow rate vs pressure drop was 
determined when the test rig was first commissioned, across a wide range  
of flow rates and operating temperatures.

6.	 A pair of power supplies supplied the Intel Airport Cove TTV. This TTV 
comprises 4 separate dies, one of which is of a different electrical resistance 
to the other 3. The power supply configuration was set to give uniform 
heating across the 4 dies of the Intel TTV.

7.	 Thermocouples were embedded in the top-center of the Airport Cove TTV, 
and the bottom-center of the Icelake KUL SINK. This enabled both the 
overall thermal resistance from fluid to Tcase of the CPU to be calculated, 
as well as enabling Iceotope to monitor the thermal performance of the 
Thermal Interface Material (TIM).

8.	 For each test point, the system was allowed to stabilize, then the reported 
data obtained over a 15-minute averaging period.
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Iceotope 
achieved 
an 11.4% 
improvement 
in thermal 
resistance 
compared to 
like-for-like 
test of a tank 
immersion

Performance Results
The testing validated our assumptions about the thermal performance of 
Precision Liquid Cooling. It is important to note that thermal resistance is 
expected to be agnostic to the power to the chip and consistent regardless  
of power input. 

Key findings included:
•	 At a flow rate of 7.01 l/min, Iceotope’s copper pinned KUL SINK achieved 

a thermal resistance of 0.039 K/W when a 1000W heat load was applied 
to the TTV. This translates to an 11.4% improvement in thermal resistance 
compared to like-for-like test of a tank immersion product containing a 
forced-flow heatsink.

•	 Thermal resistance remains constant at a given flow rate as the power was 
increased from 250W to 1000W. 

•	 We have high confidence that testing at 1.5kW will yield the same 
consistency as 1000W test based on the testing of the thermal resistance 
from 250W to 1000W. 

Further details can be found in Figure 3 and Figure 4 below.

Figure 3. Iceotope KUL SINK TTV Thermal Resistance from Tcase to Fluid 
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Precision Liquid Cooling at 1000W  
and beyond
Looking ahead to the next decade, it is critical for data center operators to 
know they are future proofing their infrastructure investment for 1000W to 
1500W to 2000W CPUs and GPUs. Choosing technologies that can meet the 
demands of processor and chip roadmaps and future server generations will 
be key. 

Iceotope has proven the potential of its patented Precision Liquid Cooling 
technology to meet roadmap requirements in the cooling of high-power 
density chips. This has been achieved using minimal quantities of people 
and planet safe single phase dielectric fluids in combination with Iceotope’s 
scalable, sustainable and serviceable precision delivery technology. Iceotope’s 
technology relies exclusively on forced convection as the primary heat transfer 
mechanism. This will always offer greater thermal performance than natural 
convection. 

In addition, Precision Liquid Cooling reduces energy use by up to 40% and 
water consumption by up to 100%. The highly configurable modular design 
enables rapid scalability from one server to many racks all within the same 
data center footprint or in any location from the cloud to the edge. The familiar 
vertical rack-based design is easy to maintain and offers a 6x density uplift 
compared to both tank immersion and traditional air-cooled technologies.

Figure 4. Intel Airport Cove TTV Heatsink Performance Comparison

Choosing 
technologies 
that can meet 
the demands 
of processor 
and chip 
roadmaps and 
future server 
generations  
will be key



White Paper 314 | 7 

Conclusion
Iceotope Precision Liquid Cooling technology has achieved an important 
industry milestone as we were able to demonstrate cooling a 1000W silicon.  
Furthermore, it was done so at greater thermal performance than competing 
liquid cooling technologies. Future testing will demonstrate how even lower 
thermal resistance can be achieved for server generations to come. Precision 
Liquid Cooling technology is well poised to support future processor roadmaps 
from 1000W and beyond. 

About Iceotope
Using industry standard form factors, Iceotope’s Precision Liquid Cooling 
solutions offer extreme cooling performance, simplified maintenance,  
hot swapping, and significant cost reductions both inside and outside  
the data center.
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Dr Kelly Mullick
Kelley Mullick is a Vice President at Iceotope responsible for business 
development with key OEM/ODM partners and technology alliances across  
the IT industry to highlight why Precision Liquid Cooling is critical in the edge/
cloud markets for datacenter sustainability and delivers better TCO to the  
end customer.  

Prior to joining Iceotope, Dr Mullick was a leader in product management in the 
Datacenter and AI group and helped develop Intel’s liquid cooling strategy. Dr. 
Mullick’s career spans ~20 years of systems engineering expertise, business 
acumen, and technical leadership in building platforms for the sustainable 
datacenter of the future, cloud workload optimization, software defined 
infrastructure, and new business models that deliver revenue. In addition to her 
technical achievements, Dr. Mullick is a champion for women and URM in tech.  
She developed programs and training delivered to ~3000 women to aid them 
in their career progression. She participates in the Open Compute Project 
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Neil has over 20 continuous years experience is product design and 
manufacturing of innovative solutions and manufacturing with a degree  
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