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Abstract 

There is an upcoming trend with a large business potential in using immersion cooling 

for crypto mining servers where the waste heat is generated as liquid instead of air, as 

in traditional cooling systems. This creates a greater potential of utilizing the excess 

heat. The aim of this project is to investigate immersion cooling for crypto mining 

servers to develop knowledge how the servers and immersion system behave. 

In the project, a liquid cooling testbed at RISE ICE data center in Luleå has been used 

for the performance tests. Two different thermal interface material was tested, 

Indium and the existing one that came with the server who is of unknown material. 

The temperature at the outlet of the cooling loop was 61ºC for Indium and 59-63ºC 

for the existing TIM, depending on performance mode. Due to that the difference is 

small it is hard to compare them. Changing the TIM to Indium for a crypto mining server 

was really time consuming. We recommend investigating in an alternative TIM 

material that has electrical insulating properties and does not degrade in the oil. 

Except from the TIM tests, two performance mode was also tested. Standard 

performance mode and performance+ mode. This to investigate an ”overclocking”. 

The results did not show a high raise of hash rate in performance+ mode as expected. 

However, with the performance+ mode the hash rate was not as affected with an 

increase of server temperature. For this reason, running the miners on Performance+ 

mode would be beneficial in applications where high oil temperature is desired for 

heat recovery systems. 

An interesting track to investigate more would be to scale the project to apply it in an 

industry environment and run long time tests. The design of an immersion tank for 

crypto mining servers could be improved by modifying crypto mining servers to better 

fit in a tank and to be mounted more power dense. 
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1 Introduction 

An upcoming trend in the data center business is liquid cooling, where the waste heat 

is generated as liquid instead of air, as in traditional cooling. This creates a greater 
potential of utilizing the excess heat. 

There is a large business potential in using immersion cooling for crypto mining 

servers where more computes can potentially be done for the same amount of 

power, due to overclocking and power reduced by removing the fans. Another 

aspect is the work environment, where a quieter data center will be achieved when 
removing the fans. Furthermore, by using immersion cooling excess heat will be 

created as liquid which has a higher potential for utilization compared with air. 

Barrage is providing sell services and goods in the IT-sector, operations of server hall 
and development, design and research of software and related activities. They see a 

need of further development of their data center facilities, to utilize their excess heat. 
 
Barrage wants to be a role model in the field of mining, showing other actors in the 
same area the positive effects of using immersion cooling and by this pushing the 
data center industry in an even greener direction creating the 4th generation of data 
centers. 

 

 

1.1 Aim 

The aim of this project is to investigate immersion cooling for crypto mining servers to 
develop knowledge how the servers and immersion system behave. This to 
potentially have a higher utilizing of the waste heat from the data center. 

In this project three aspects were evaluated: 

 

• The effect of thermal interface material 

• Performance in air vs liquid 

• Different performance mode of the server 
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2 Experimental setup 
To test the performance of the miners submerged in oil, a few modifications had to be 
made to the liquid cooling test bed used at RISE ICE data center test facility in Luleå. 

The tank used has a total volume of about 0.44 m3 and is filled with mineral oil. 

 

The cooling loop had to be re-made to handle the high thermal load and get a better 
temperature control in the tank. The cooling loop used consists of a controllable 
pump, which pumps hot oil from the top of the tank and through a liquid to air heat 
exchanger, before returning the oil back into the bottom of the tank. The cooling loop 
can be seen in  Figure 3. 

 

 

Figure 2. Liquid to air heat exchanger to 
the left and the blue pump to the right. 

Figure 3. Schematic over the cooling loop to the tank. 

Figure 1. Liquid cooling test bed at RISE 
ICE Data center in Luleå. 
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The servers that were tested in the setup were placed in the middle of the tank, 
hanging, after being stripped from their fans and covers. This can be seen in Figure 4. 

 

Figure 4. Installation of server in tank. 

 

The crypto mining servers used in this project are Aladdin miner L2-30T. To submerge 
the server the fans for both the PSU and the server are demounted. For this model, 
a fan simulator for the PSU fan connection was needed for the server to run. 

 

Figure 5. L2-30T server with the two front fans demounted. 

 

2.1 Sensors 
At the inlet and outlet of the coolant from the tank the temperature is measured. 
Inside the tank an array consisting of 128 temperature sensors of type LMT86LP are 
installed, located evenly in 8 columns with 16 rows each. Their values are visualized in a 
heat map 
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to see the temperature distribution inside the tank (Figure 7). The sensors in the 
tank can be seen in Figure 6. 

 

Figure 6. Schematic over the sensors in the tank. 

 

 

Figure 7. Heatmap. 

 
The rejected heat for the cooling loop was calculated with 

𝑄 = 𝑚 ∙ 𝑐p ∙ ∆𝑇  [𝑊] 

 

Where the mass flow is calculated with the volume flow, V, and the density, ρ, for 
the mineral oil. 
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𝑄 = 𝑉 ∙ 𝜌 ∙ 𝑐p ∙ ∆𝑇  [𝑊] 

The constants for density and specific heat capacity for the mineral oil are 840 

kg/m
3 and 2.4 kJ/kg K, respectively. 

 

The data from the server is listed below. The data is given per hash board. 

Table 1. Data from server per hash board. 

Measurement Unit 

Temperature °C 

Hash rate TH/s 

Status (Dead/alive) 

Accepted/rejected job - 

 

 

2.2 Thermal Interface Material 

Since the existing Thermal Interface Material (TIM) that lays between the ASIC chips 
and the heat sinks is of unknown manufacturer and material, it was interesting to 
compare its performance to Indium foil, which is used in submerged IT applications. 

In order to replace the existing TIM with Indium foil, the heat sinks had to be 
removed, and the ASIC cards as well as the heat sinks cleaned, see Figure 8. In this 
case Isopropanol was used. The Indium foil was cut into strips, where each strip 
covers 4 or 5 ASIC chips depending on the position on the hash board. One downside 
using indium foil in this application is that there are small SMD resistors between 
each ASIC card. 

Since Indium is, except from being a good thermal conductor, also electrically 
conductive, this short circuits the circuit board and therefore the server does not 
start. 

To fix this, an insulating and protective varnish spray was used to insulate the 
components. After applying a couple layers and letting it dry, it was gently removed 
from each ASIC chip, leaving an insulating coat on everything except for the ASIC 
chips. This to have direct contact between the cards and the TIM for good heat 
transfer. This turned out to be a highly time-intensive process, since there are a 
total of 420 ASIC chips for each server, and many steps involved. 
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Figure 8. ASIC chips before and after cleaning. 

Since the potential of that the original TIM would pollute the mineral oil was 
unknown, two different servers were used. One that was cleaned and with Indium 
and another with the original TIM. Barrage gave us the information that each miner 
server is individuals so air-cooled tests was also conducted for each server as a 
reference test. 
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3 Result 

In the sections in this chapter the result from the tests is presented. An overview of 

the different tests is listed below, and a summary of the result can be seen in Table 

2. 

• Server 1 

o Air-cooled test with existing TIM 

o Test in oil without TIM and heatsinks 

o Air-cooled test with Indium 

o Test in oil with Indium 

▪ Standard performance mode 

▪ Performance+ mode 

• Server 2 

o Air-cooled test with existing TIM 

o Test in oil with existing TIM 

▪ Standard performance mode 

▪ Performance+ mode 

 
Table 2. Results from the tests. 

 

 
Server 1 

Hash rate 

[TH/s] 

Temperature Hash 

board [ºC] 

Oil Temperature 

[ºC] 

 
Comment 

Existing TIM, air- 

cooled 
30 67-68 - 

 

No TIM, no 

Heatsinks, 

Submerged 

 
29 

 
76-79 

 
32 

Not sufficient heat 

transfer 

Indium Foil, air- 

cooled 
~9.8 69-70 - 

Only one hash 

board working 

Indium Foil, 

submerged 
29.9 76 61 

 

Indium foil, 

performance +, 

submerged 

 
30.3 

 
75 

 
61 

 

Server 2     

Existing TIM, air- 

cooled 
29.5 69 - 

 

Existing TIM, 

submerged 
29.4 75 59 

 

Existing TIM, 

performance+, 

submerged 

 
29.9 

 
77 

 
63 
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3.1 Server 1 
3.1.1 Air-cooled test 
 

Before the first server was stripped, an air-cooled test with the existing TIM was done 
as a reference test. The average temperature and the total hash rate for the three 
hash boards can be seen in Figure 9. Both the temperature and hash rate are stable 
during the test, around 67-68 °C and around 30 TH/s. 

 
Figure 9. Air-cooled test for server 1. 

 

 

3.1.2 Test without TIM and heatsinks 
 

In this test the heatsinks and the existing TIM was removed. As can be seen in Figure 
10 the temperature of the hash boards was quickly rising until the server shut down 
itself due to their overheating safety settings. The server went from 68°C to 79°C 
meanwhile the oil only reached 32°C. This shows that the heat transfer between the 
ASIC cards and the oil was not enough and that heatsinks, and TIM are needed. 
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Figure 10. Test for server 1 without heatsinks and TIM. 

 

 

 

3.1.3 Air-cooled test with Indium 
 
An air-cooled test for server 1 with Indium was done as a reference test. We had 
problem to get all three hash boards to run and could only preform the test with one 
hash board working. Therefore, the hash rate in Figure 11 is presented for only one 
hash board. The temperature of the hash board was stable during the test at 69-
70°C. 
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Figure 11. Air-cooled test for server 1 with Indium. 

 

 

3.1.4 Test with Indium 
When the server was submerged in the oil, we got all three hash boards to operate. 
In Figure 12 below the results from the test with Indium in oil is showed. The server 
reached a steady state temperature at around 76°C with an oil temperature of 
around 61°C. The hash rate became stable after the server reached 70°C and was 
kept at around 30 TH/s. 
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Figure 12. Test for server 1 with Indium. 

 

 

 

The servers can run in different performance modes, which can be set on the servers 

GUI. Tests with performance+ mode was done to investigate an “overclocking” 

mode. The server automatically tunes into its new mode, which takes about 1 hour in 

the beginning of the test, resulting in a variable hash rate, see Figure 13. Once it had 

stabilized, it had a hash board temperature of 75°C and a hash rate slightly above 30 

TH/s. 

At 12.30 a stress test was conducted to see how high the hash board temperature 

would reach before the server would shut off. This was done by turning off the fan to 

the heat exchanger. The hash boards reached the average temperature of 88°C and 

the oil 72°C. 
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Figure 13. Test for server 1 with Indium and performance+ mode. 

 

 

3.2 Server 2 

3.2.1 Air-cooled test with existing TIM 

An air-cooled test for server 2 with existing TIM was done as a reference test. The 

temperature and hash rate of the hash board was stable during the test at around 

69°C and 29.5 TH/s. 
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Figure 14. Air-cooled test for server 2 with existing TIM. 

 

 

3.2.2 Test with original TIM 

The server was then submerged in the oil in the tank for further tests. The server 

reached a steady state temperature at around 75°C with an oil temperature of 

around 60°C, see Figure 15. The hash rate became stable after the server reached 

70°C and was kept at around 29 TH/s. 
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Figure 15. Test for server 2 with existing TIM. 

 

 

A stress test was done where the flow of the pump was regulated down to get the 

oil temperature up in the tank. The server then ran stable at a temperature of around 

81°C with an oil temperature of around 69°C. The fan for the heat exchanger was then 

turned off to see how high the hash board temperature would reach until the server 

would shut off. The hash boards reached the average temperature of 95°C and the 

oil 79°C. 
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Figure 16. Stress test for server 2 with existing TIM. 

 

 

A test with performance+ mode was done. The server ran stable with a hash board 

temperature of 77°C and a hash rate slightly under 30 TH/s. At 9.30 the fan for the 

heat exchanger was turned off for a stress test. The hash boards reached the 

temperature of 92°C and the oil 79°C. 
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Figure 17. Test for server 2 with existing TIM and performance+ mode. 
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4 Discussion and conclusion 

It seems like the statement that each server is its individual could be true since if one 

compares the air-cooled test with existing TIM for server 1 and 2, the hash rate is lower 

for server 2. 

Comparing the existing TIM and the Indium there are not a significant difference. The 

existing TIM seems to preform just as good as the Indium. However, since the existing 

TIM is of unknown manufacturer and material, the degradation of it and the potential 

of pollution of the mineral oil needs to be further investigated. 

But it is hard to compare the different TIM since the results of temperature and hash rate 

is so close and due to error sources. For example, the tank is not insulated so the heat 

exchange with the environment depends on the indoor temperature, which during 

this project varied over a day. 

One conclusion that can be made regarding the TIMs is that changing the TIM to Indium 

for a crypto mining server was really time consuming for just one server. If further tests 

shows that the current TIM material degrades in oil over time, we recommend 

investigating alternative TIM materials that has electrical insulating properties to reduce 

the time needed for replacement. 

Looking at the air-cooled test of the existing TIM compared to the immersed cooling, the 

server run hotter in oil than in air without affecting the hash rate. But to get the full 

picture of the effect of immersion cooling, further tests need to be done. 

For the two different performance modes, just a slight raise of the hash rate could be seen 

with the performance+ mode. However, looking at the stress test where the fan for 

the heat exchanger was shut off, the hash rate was not as affected with an increased 

temperature. The hash rate did not drop down as fast as for the standard performance 

mode and the tests did not show a significant higher server power. For this reason, 

running the miners on Performance+ mode would be beneficial in applications where 

high oil temperature is desired for heat recovery systems. 

The overclocking of the servers did not give as big impact to the hash rate as expected. 

In order to rule out the possibility of overlocking the miners further, more tests should 

be conducted, for example using different tank temperatures and more powerful PSU. 

Looking at the stress test done for the existing TIM, where the pump flow was lowered, 

the server ran stable at 80ºC with an output oil temperature of 69ºC with a ΔT of around 

23ºC. Which is a good prerequisite for utilizing the excess heat. 

In these tests, no significant difference has been seen in the power consumption of 

the miners with respect of temperature and hash rate. It would however be 

interesting to investigate this further with more precise measurement equipment. 
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4.1 Future work 

Some interesting tracks to investigate more would be to scale the project with more 
servers and a bigger tank to apply it in an industrial environment. This to investigate 
the scale effect and how immersion cooling for crypto miners should be designed 
and operated. A scaled project would also give a better insight in the potential for 
heat recovery from the tank. It would also be interesting to do long time tests for a 
couple of months to investigate if the performance changes over time. 

Another interesting track would be to investigate supplied and rejected power, the 
energy consumption and how the temperature and different performance mode 
effects this. 

The design of an immersion tank for several servers would be interesting to look at. 
For example, the tank used in this project is not insulated and the crypto mining 
servers could be modified to fit better in a tank and to be mounted denser. 
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Through our international collaboration programmes with academia, industry, and the public sector,  

we ensure the competitiveness of the Swedish business community on an international level and 

contribute to a sustainable society. Our 2,800 employees support and promote all manner of innovative 

processes, and our roughly 100 testbeds and demonstration facilities are instrumental in developing the 

future-proofing of products, technologies, and services. RISE Research Institutes of Sweden is fully 

owned by the Swedish state. 

 
I internationell samverkan med akademi, näringsliv och offentlig sektor bidrar vi till ett 

konkurrenskraftigt näringsliv och ett hållbart samhälle. RISE 2 800 medarbetare driver och stöder alla 

typer av innovationsprocesser. Vi erbjuder ett 100-tal test- och demonstrationsmiljöer för 

framtidssäkra produkter, tekniker och tjänster. RISE Research Institutes of Sweden ägs av svenska 

staten. 
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