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I. Introduction

Nowadays, with the irruption of AI among other cutting-edge technologies, the need for data

processing has sharply increased. For this reason, the energy consumed in data centres is a major

concern, and 40% of their consumption is directly related to cooling1.

UniSCool is a direct-to-chip liquid cooling company with a patented adaptive heat sink technology

that improves energy efficiency by up to 60% compared to traditional solutions like microchannels

and jet impingement. By dynamically adjusting to thermal loads, our innovation ensures optimal

temperature uniformity.

Our technology has been validated in real-world conditions, undergoing five months of testing in a

data center to assess its reliability and efficiency. Additionally, we have developed an In-Server

solution, where the entire hydraulic circuit is integrated within the server, allowing for a compact

and highly efficient cooling solution.
1M. Azarifar, M. Arik, and J. Y. Chang, “Liquid cooling of data centers: A necessity facing challenges,” Appl Therm Eng, vol. 247, p. 123112, Jun.

2024, doi: 10.1016/J.APPLTHERMALENG.2024.123112.

II. Working Principle

The technology developed is based on self-adaptive fins, which dynamically adjust to

optimize heat extraction in response to changing thermal loads in time and space.

Fig. 1. Working principle of the cooling channel with self-adaptive fins.

The fins use phase change materials to self-activate based on temperature, without

external excitation. Their flow-disturbing capability enhances heat extraction only

under high cooling demands; otherwise, they remain flat.

III. Results

We aim to evaluate the performance of our cooling solution by analyzing its impact on

thermal resistance—specifically, by assessing the reduction in temperature gradient

achieved with the self-adaptive fins and the improvement in the convective heat

transfer coefficient—as well as its effect on pressure drop, to determine the potential

energy savings. The test is performed on a 1 mm channel height with a sample of 5

rows with 4 fins each (Fig. 1). This design is compared to a flat channel.

IV. Conclusions

1. Self-adaptive fins to improve uniform wall temperature by over 60% under varying

heat flux distributions.

2. Self-adaptive fins enhance heat transfer efficiency by 50% under high heat flux,

significantly reducing thermal resistance.

3. The pressure drop is reduced by 60% when there is no heat extraction demand,

with the consequent reduction of pumping power.

The device with the self-adaptive fins manages to maintain a temperature gradient of

2°C, which is much smaller than that obtained with the flat channel, which is 5,4°C (Fig. 2).

In terms of heat transfer, at low heat flux (interval 1), self-adaptive fins stay flat, matching

the convection coefficient of a plain channel. Under high heat flux (interval 2), fins rise to

30% of the channel height, resulting in a heat transfer enhancement about 50 %

higher (Fig. 3).
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Fig. 2. Experimental maximum temperature difference along the channel with swlf-adaptive fins 

when applying heat loads.

Self-adaptive fins raise only during high thermal loads, minimizing pressure drop in the

cooling channel. This reduces pumping power needs, lowering pressure drop by 60%

in low thermal load scenarios compared to static fins.

Fig. 3. Experimental convective heat transfer coefficient for a channel with self-adaptive fins in 

martensitic and austenitic phases.
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Boundary conditions

Flow rate Inlet temperature Heat loads

285 ml/min 62 °C 3 and 9 W/cm2


