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IT professionals are acutely aware of cooling 
challenges that confront data center designers. 
Most current solutions address cooling at the 
environmental level rather than the device level. As 
a result, significant capital and operational resources 
are wasted on cooling the air in and around data 
center equipment instead of addressing the core 
cooling needs at the heart of each device, where 
most of the heat is generated. The Liquid Blade™ is 
a high-performance server that attacks the problem 
at the device level by employing a revolutionary 
liquid immersion solution. By submerging all of a 
server’s heat-generating components in a dielectric 
liquid, thermal energy is continuously carried 
away from the internal components of the server, 

eliminating the need for costly and inefficient air-
cooling systems. The Liquid Blade™ significantly 
improves cooling efficiency and server reliability 
while reducing energy costs, maintenance expense, 
and facility spending. In fact, the construction cost 
of a 3.2 megawatt data processing suite built with 
conventional air-cooled architecture is 32% greater 
than that of a data processing suite with identical 
compute capacity using the Liquid Blade™ platform. 
In addition, the conventional suite takes six times 
more cooling energy. This translates to a total cost 
of ownership (TCO) penalty for the air-cooled suite 
in this study of $1,770,000 per year for 15 years, a 
total of $26,550,000.
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The Case for Cooling

The Case for Cooling
Between 2000 and 2006 the power consumption 

of servers per $1,000 of acquisition cost rose 
from 8 watts to 109 watts per one rack unit (“U” or 
1.75 inches).1  Projections for 2012 show power 
consumption increases ranging from 157 to 1,650 
watts per U. As power density increases, so too 
does energy consumption; therefore, it is important 
to minimize energy needed to support these 
technologies.

Virtually all of the power used in a data center 
converts to heat, so cooling is a paramount issue. 
Excess heat can damage internal components and 
negatively impact performance, so it is necessary to 
manage and remove heat continuously. Air cooling 
has been and remains the industry standard. The 
American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) recommends 
that data center environmental temperatures 
remain between 64.4°F and 80.6°F, suggesting 
that operating outside of this envelope would 
result in reduced reliability.2  However, as servers 
become more powerful and densely packed, the 
heat generated is rapidly overwhelming existing air-
cooling solutions. 

Given the increasing cost of power, there exist 
today economic justifications for considering 
alternatives. Air is a poor heat transfer medium, 
so air cooling is an inherently inefficient process. 
Furthermore, most air-cooling systems do not 
address heat production at the device level, and an 
enormous amount of energy is expended keeping 
the environment around the device within ASHRAE 
limits.

Inadequate cooling can negatively affect device 
longevity. Excessive heat deteriorates electronics 

while, conversely, maintaining tight temperature 
control results in longer life spans and lower 
maintenance costs. Consequently, optimizing cooling 
not only reduces equipment and maintenance costs, 
but can increase the reliability of the data center as 
a whole. 

Improving cooling technology has a significant 
effect on the size of a data center. Computer 
room air conditioning (CRAC) units require a lot 
of space. In addition, air-cooled servers require 
room for adequate air circulation and cannot be 
packed together too closely. There is also a sizable 
investment in raised floors and custom ductwork 
to direct air to optimal locations within each rack. 
Even the fire protection system must be customized 
for an air-cooled data center. Each investment in 
these special auxiliaries also creates an increase in 
maintenance costs. 

A Costly Misunderstanding
Anyone who has spilled a cup of coffee on a 

laptop knows that water and electronics do not mix. 
However, that does not apply to all liquids. Total 
liquid submersion cooling has been routinely used 
in utility-scale electrical transformers for years. 
Hardcore Computer (http://www.hardcorecomputer.
com) has developed patented technology to adapt 
liquid cooling for high-performance computing 
using a proprietary dielectric liquid. In late 2008, the 
Reactor®, billed as “the world’s fastest [desktop] 
computer ever,” according to one tech reviewer, 
was introduced.3  This was followed in 2009 by the 
Detonator™, a high-performance workstation with 
industry-topping benchmarks. The Liquid Blade™, a 
rack-mounted server system, was introduced in 2010 
to bring Hardcore Computer’s patented total liquid 
submersion cooling technology to grid computing 
and the data center market. 

1  Brill, K. “Data Center Energy Efficiency and Productivity.” Uptime Institute. http://www.uptimeinstitute.org/symp_pdf/
(TUI3004C)DataCenterEnergyEfficiency.pdf.

2  “2008 ASHRAE Environmental Guidelines for Datacom Equipment–Expanding the Recommended Environmental Envelope.” 
ASHRAE. http://www.defenselaboratories.com/v/vspfiles/downloadables/ASHRAE_Environmental_Guidelines.pdf.

3  “Reactor Gaming PC Review.” Attack of the Show. http://g4tv.com/videos/35134/Reactor-Gaming-PC-Review/.
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Liquid Blade™ Server

As shown in Figure 1, the Liquid Blade™ is a 1U 
server contained in an extruded aluminum enclosure. 
All server components, including processors, power 
supplies, and graphics cards, are immersed in a 
dielectric liquid inside the sealed case. Racked 
Liquid Blade™ servers with a liquid distribution 
manifold system are shown in Figures 2 and 3. 
Importantly, the Liquid Blade™ costs about the 
same as a comparably-equipped air-cooled server 
because blade fans are eliminated and chassis 
design complexity is reduced. This simplified design 

results in reduced manufacturing costs.

The Liquid Blade™ server is the focus of this 
paper. In the following sections, the performance of 
the Liquid Blade™ will be evaluated and compared 
with a traditional air-cooled server. The results 
will be analyzed and, using Jonathan Koomey’s 
model for determining the TCO for data centers, 
the financial and energy cost reduction benefits of 
this revolutionary technology will be developed and 
discussed.4

4  Koomey, J. “A Simple Model for Determining True TCO for Data Centers.” Uptime Institute. http://www.missioncriticalmagazine.
com/MC/Home/Files/PDFs/(TUI3011B)SimpleModelDetermingTrueTCO.pdf.

Figure 1 Liquid Blade™ server with chassis transparency showing internal component detail.

Hardcore Computer’s 
Liquid Blade™ Server

Figure 2. A standard 19” rack equipped with Liquid Blade™ shelving 
and dripless inflow and outflow quick-disconnect manifolds.

Figure 3. A row of installed Liquid Blades powered on.
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Methodology

Methodology

In October 2010, Hardcore Computer engaged 
Mortenson Construction to develop a construction 
budget for a 3.2 megawatt data processing suite using 
air-cooling architecture and a comparably-equipped 
suite using Liquid Blade™ servers. The scope of the 
study included a comparison of the energy needed 
to cool the respective suites. Mortenson assembled 
a team comprising J.F. Ahern Company to provide 
construction and operating costs for mechanical and 
fire protection systems and Staff Electric Company to 
provide costs for the electrical distribution system. All 
three firms are experienced data center contractors. 

In this study, two data centers of equivalent 
compute capacity were designed, one using air-
cooled equipment from a major manufacturer of 

air-cooled blade servers and the other using Liquid 
Blade™ servers from Hardcore Computer. Power 
consumption for both servers was measured by 
Hardcore Computer using standard equipment in a 
laboratory setting. Each data center was designed 
to house 6,397 servers that utilize the same 2-CPU-
per-server technology, including necessary support 
infrastructure. The cost studies were confined to the 
IT equipment in the data processing suite, ignoring 
the balance of auxiliary equipment. The required 
cooling, physical footprint, and maintenance 
demands were established using industry best 
practices by the Mortenson contractor team. A 
comparison of architectural requirements for the 
respective data processing suites to house the 
identical processing capacity is shown in Table 1 
and Figures 4 and 5.

Table 1 – Comparative Architecture

Air-Cooled Liquid Blade™
Number of Servers/Blades 6,397 6,397

Footprint Area 16,000 ft2 11,000 ft2
Required Ceiling Height 16 ft 12 ft

Raised Floor None None
Number of Racks 153 100

Central Plant Modifications None None
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Methodology

Table 2 – Auxiliary Equipment 

Equipment Air-Cooled Liquid Blade™
CRAC Units and Ductwork 30 2
CRAC Units—UPS Room Identical
Chilled Water Pumps 3 3
Oil Distribution Pumps N/A 3
Chilled Water to Oil Heat Exchangers N/A 2
Fire Protection System VESDA Dry Pack Wet Pipe
UPS—Data Loads (12) 750 kva Units (8) 1,000 kva Units
UPS—Cooling Loads None None

Each data processing suite also requires support 
equipment and infrastructure including cooling 

and power distribution equipment. The assumed 
equipment for each build-out can be seen in Table 2.

Figure 4 Air Cooled Suite Figure 5  Liquid BladeTM Suite
 
Figure 4. Air-cooled suite. Figure 5. Liquid Blade™ suite.
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Results

Table 3 – Liquid Blade™ Power Density

Electric Power Density Units Servers Disk Storage Tape Storage Networking Totals
IT load W/ft2 175 9 0 7 192
Cooling W/ft2 11 0 0 0 11
Auxiliaries W/ft2 61 3 0 2 67
Total Power Use W/ft2 247 13 0 10 270

Table 4 – Air-Cooled Power Density

Electric Power Density Units Servers Disk Storage Tape Storage Networking Totals
IT load W/ft2 179 8 0 6 193
Cooling W/ft2 56 0 0 0 56
Auxiliaries W/ft2 63 3 0 2 68
Total Power Use W/ft2 298 11 0 8 317

The prices for equipment and construction were 
sourced and compiled by Mortenson Construction, 
J.F. Ahern, and Staff Electric. Based on this data, 
the estimated construction and operating costs 
were calculated for purposes of comparing the two 
scenarios.

Results

Results for this study are broken into six areas: 
real estate, power density, cooling load, power 
consumption, construction cost, and total cost of 
ownership.

Real Estate. The physical space for each 
data processing suite, shown in Figures 4 and 5, 
represents the square feet of electrically active floor 
area required for IT system operation. While each 
data processing suite contains the same compute 
capacity (i.e., number and speed of CPUs), the 
required area differs significantly. The footprint for 

the air-cooled suite is 16,000 ft2 with 153 racks. The 
footprint for the Liquid Blade™ suite is 11,000 ft2 
with 100 racks. This significant difference in space 
requirements are a result of the Liquid Blade™ using 
significantly less power than  an air-cooled server; 
because there are no blade or rack fans, the power 
supply is smaller; and there is no space needed 
between blades for air circulation.

Power Density. From power consumption data 
derived from Hardcore Computer’s bench tests, 
Koomey’s model can be used to calculate the IT 
load, cooling load, and auxiliary load per square foot 
of electrically active area.5 The sum of the power 
used by the individual components yields the power 
density for each data processing suite. The total 
power used per square foot of electrically active 
floor area is 270 watts for the Liquid Blade™ suite 
as shown in Table 3, compared to 317 watts for the 
air-cooled servers as shown in Table 4.

5  Ibid.
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Results

Power Consumption. The power consumption 
figures for each data center can be seen in Table 
6. According to these results, the air-cooled suite 

requires more than five times the power required to 
cool the Liquid Blade™ suite.

Cooling Load. J.F. Ahern provided a detailed 
analysis to determine the full scope of the energy 
use in the data processing suites. Each source of 
heat generation was examined to determine the 
cooling load including exterior walls, roof, lighting, 
PDUs, total blade, and UPS system loads. The 

results, shown in Table 5, show that the Liquid 
Blade™ suite requires 35 tons less chiller capacity 
than does the air-cooled suite, primarily because the 
room is smaller and there is less electrical distribution 
equipment. 

Table 5 – Cooling Load 

Air-Cooled Liquid Blade™
Wall Load 12,902 BTU 8,064 BTU
Roof Load 16,000 BTU 11,000 BTU

Lighting Load 65,280 BTU 44,800 BTU
PDU Load 677,600 BTU 616,000 BTU

Blade Load 10,880,000 BTU 10,548,653 BTU
UPS Load Identical

Totals
11,651,782 BTU

(971 tons)

11,228,517 BTU

(936 tons)

Table 6 – Power Consumption 

Air-Cooled Liquid Blade™
Liebert Units

Fan Consumption 3,528,475 KWH 235,232 KWH
Reheat Consumption 2,349,038 KWH 156,942 KWH

Humidifier Consumption 851,782 KWH 56,510 KWH
Liebert Units—UPS Rooms Identical

Pumps
CHW Pump Consumption 709,102 KWH 147,383 KWH

Oil Pump Consumption N/A 635,597 KWH
35 Tons of Extra Chiller 63,000 KWH N/A

Totals 7,501,397 KWH 1,231,664 KWH
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Construction Costs. Construction costs, as 
sourced and compiled by Mortenson Construction, 
are shown in Table 7. Even though both suites 

have identical compute capacity, the capital cost to 
construct the air-cooled suite is 32% more than that 
of the Liquid Blade™ suite. 

Table 7 – Construction Cost 

Air-Cooled Liquid Blade™
Core and Shell General Construction $1,575,800 $1,203,800

Build-out General Construction $935,500 $706,400
HVAC Systems $1,297,900 $986,600

Fire Protection Systems $43,800 $28,500
Electrical—PDUs and Branch Feeders $2,041,310 $1,768,321

Electrical—Cooling Equipment $236,260 $34,870
Electrical—UPS System and Distribution $6,790,230 $5,057,509

Total $12,920,800 $9,786,400

TCO. All of this data feeds into the TCO algorithm, 
developed by Koomey, and summarized in Table 
8. The annualized TCO for the air-cooled data 

processing suite is 8.5% higher than for the Liquid 
Blade™ suite.

Table 8 – TCO

Air-Cooled Liquid Blade™
Capital Cost with 

15-Year Life
$17,500,000 $13,000,000

Capital Cost with 
3-Year Life

$46,200,000 $45,200,000

Annualized Capital Cost $19,520,000 $18,660,000
Total Power Cost at 6.8¢ per kWh $2,870,000 $2,060,000.00

Other Operating Expenses $120,000.00 $20,000.00
TCO $22,510,000 $20,740,000
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Discussion/Conclusion

Discussion

As shown in Table 1, the air-cooled data processing 
solution requires 45% more space than does the 
Liquid Blade™ solution, even though both house an 
identical number of CPUs. This real estate benefit 
can be attributed to having fewer racks, needing no 
room for air circulation, and requiring significantly 
fewer CRAC units to cool the suite. The ceiling height 
is also lower for the Liquid Blade™ suite because no 
overhead ductwork is required. 

Table 2 shows that there is a significant difference 
in auxiliary equipment between the air-cooled and 
Liquid Blade™ suites. As one would expect, the air-
cooled suite requires significantly more CRAC units 
and ductwork than does the Liquid Blade™ suite—30 
CRAC units for the air-cooled suite compared with 2 
for the Liquid Blade™. 

As shown in Tables 3 and 4, the power density 
requirement for an air-cooled blade is 17% higher 
than for a comparably equipped Liquid Blade™. 
Thus, it is possible to get the same IT workload 
done with 45% fewer racks than with air-cooling 
architecture. 

Tables 3 and 4 compare the amount of power 
required for cooling. The power density for cooling 
devices required in the air-cooled solution is 56 
watts per square foot compared with 11 for the Liquid 
Blade™. The fact that power density for cooling the 
air-cooled solution is six times that required for the 
Liquid Blade™ solution highlights a key difference 

between these two architectures. The air-cooled 
solution relies on an indirect heat exchange between 
server components and external heat sources in 
the suite, and the air surrounding them. The Liquid 
Blade™ solution, on the other hand, uses total 
liquid immersion technology and relies on a direct 
heat exchange between server components and the 
dielectric fluid inside each server, which is far more 
efficient. 

Table 8 summarizes these results. Using Koomey’s 
algorithm, the annualized TCO of an air-cooled suite 
is 8.5% higher even though the data processing 
suites contain identical compute capacity, resulting 
in an annual saving of $1,770,000. The financial toll 
associated with the air-cooled solution comes to 
$26,550,000 over the 15-year life of these two data 
processing solutions.

Conclusion

Liquid Blade™ technology provides a cost-
effective method to remove heat from a closed 
system. By adapting this cooling technology to the 
high-performance computing environment, the Liquid 
Blade™ revolutionizes the way modern servers and 
data centers can be designed and operated. Capital 
and operating cost benefits from utilizing Liquid 
Blade™ technology provide a permanent advantage 
in high-density blade computing applications. 
This revolutionary architecture should serve as 
the benchmark for future cooling efficiency, power 
density, and cost effectiveness.
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