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Abstract 
C2F5C(O)CF(CF3)2, a new Fluoroketone (FK) working 

fluid with an atmospheric boiling point of 49ºC and Global 
Warming Potential (GWP) ~1, is proposed as an alternative to 
Perfluorocarbons (PFCs) and hydrofluorocarbons (HFCs)  for 
passive and pumped 2-phase systems.  Its thermophysical 
properties are very similar to those of the PFC C6F14.  
C2F5C(O)CF(CF3)2 exhibits low acute toxicity and bears a 
recommended 8-hour exposure guideline of 150ppmv.  Pool 
boiling experiments conducted with a porous metallic boiling 
enhancement at Patm showed h>8W/cm2-K at >30W/cm2.  
Metal corrosion and elastomer compatibility testing show the 
material to be very inert.  120 hour thermal stability tests 
conducted with C2F5C(O)CF(CF3)2 at 230ºC in sealed glass 
ampules with copper and aluminum coupons showed purity 
changes ~0.02%.  It will hydrolyze in the presence of a 
separate water phase and the implications of this 
incompatibility for water-cooled systems require further 
investigation. 
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Nomenclature 
A Constant 
B Constant 
d Diameter [m] 
∆ Change 
f Friction factor 
g Acceleration of gravity = 9.81 [m/s2] 
h Latent heat of vaporization [J/kg] 
H Heat transfer coefficient [W/cm2-K] 
k Thermal conductivity [W/m-K] 
L Length [m] 
m&  Mass flow rate [kg/s] 
µ Dynamic viscosity [Pa-s] 
ν Kinematic viscosity [m2/s] 
P Pressure [Pa]  
Q Power or heat transfer rate [W] 
Q” Heat Flux [W/cm2] 
R Resistance [ºC/W] 
Re Reynolds number 

ρ Density [kg/m3] 
T Temperature [ºC] or [K] 
V Volumetric flow rate [m3/s] 
Z Liquid Head [cm] 

Subscripts: 
atm atmospheric 
f fluid or saturation 
j junction layer of die 
l liquid 
s sink or boiler 
sat saturation 
v vapor 

1. Introduction 
Ozone depleting substances like Chlorofluorocarbons 

(CFCs) and Hydrochlorofluorocarbons (HCFCs) were phased 
out in developed nations under the 1987 Montreal Protocol.  
The quest for alternative chemistries for refrigeration, 
aerosols and other applications was constrained by the 
inability to use bromine and chlorine and further limited by 
requirements relating to flammability, toxicity and 
performance.  HFCs like 23, 32, 134a, 245fa and blends 
thereof often represented a compromise between these 
properties. 

In the years since, the global environmental community 
has turned its attention, with increasing urgency, to the issue 
of Global Warming.  The 1997 Kyoto Protocol and the 2006 
European Union F-Gas regulation are the result of this 
growing concern.  Under the Protocol, various nations have 
pledged to reduce their emissions of greenhouse gases 
including PFCs and HFCs and companies within those 
nations are compelled to achieve reductions as well.   

Though the US did not ratify the Kyoto Protocol, many 
US companies have pledged similar emission reductions, 
notable are those in the Semiconductor Manufacturing 
Industry (1). Bills regulating greenhouse gas emissions, 
including HFCs have been proposed (2) and individual states 
are addressing the issue of global warming emissions with 
their own regulations.  The California Air Resources Board 
(3) (CARB), for example, has suggested emission standards 
for commercial refrigeration systems and a variety of other 
HFC applications.  Refrigeration and food industry consortia 
like the US EPA’s GreenChill partnership (4) are striving to 
reduce HCFC and HFC refrigerant emissions.  

As will be shown, there are a variety of existing and 
emerging electronics cooling applications that make use of 
PFC liquids and HFC refrigerants as heat transfer media.  



 

Tuma, Fluoroketone Heat Transfer Fluid for…  24th IEEE SEMI-THERM Symposium 
 

Widespread use of these materials in next generation 
electronic systems is not only inconsistent with a growing 
global trend to use technologies with the lowest possible 
environmental impact, it may prevent some companies or 
nations from meeting their greenhouse gas emission reduction 
goals.   

More than under the Montreal Protocol, the quest for 
alternatives under the Kyoto Protocol will require 
compromises between flammability, toxicity and 
performance.  Hydrocarbons are used for many refrigeration 
applications outside the US and less flammable 
Hydrofluoroolefins (5)(HFOs) are being developed for mobile 
air conditioning.  However, it is doubtful such flammable 
materials will be used for cooling energized electronics.  
Nonflammable segregated Hydrofluoroethers (6) (HFEs) have 
already been implemented as alternatives because they retain 
most of the characteristics of PFCs and HFCs while enabling 
a dramatic reduction in greenhouse gas emissions (Figure 1).  
Commercially available FKs like C2F5C(O)CF(CF3)2 have 
among the lowest global warming potentials of man-made 
compounds and may, therefore, provide another tool for 
reducing greenhouse gas emissions from these applications. 

 

 
Figure 1:  GWPs of new (●) and commercially significant (7) 
compounds.  Note use of logarithmic scale. 

1.1. Datacenters 
In December 2006, Congress passed Public Law 109-431 

requiring the US EPA to study and report on the energy 
efficiency of datacenters in the US.  The EPA report (8), 
released in August of 2007, estimated that power 
consumption attributable to data centers doubled between 
2000 and 2006 and is expected to double again reaching 3% 
of the Nation’s power consumption by 2011.  Mindful of the 
economic and environmental implications, the EPA 
encouraged public and private sector research into new 
technologies.  Even before the EPA report, the IT industry 
was proactively addressing the issue in conferences, trade 
organizations like the GreenGrid and Technical Committees 
(TC) like American Society Heating Refrigeration and Air 
Conditioning Engineers (ASHRAE) TC 9.9.  They concluded 
that legacy air cooling technology is a leading cause of 
inefficiency often consuming more than 50% of a data 

center’s electricity.  The Committee drafted standards to 
facilitate the propagation of more efficient liquid cooling 
technology. 

Water-cooled, forced air racks are being sold.  These are 
usually one of two types:  The first makes use of a water-
cooled heat exchanger in the rear of the rack that cools the 
collective airstreams of each chassis before they vent to the 
datacenter (9). The second uses facility water to cool a heat 
exchanger through which air is recirculated within the rack, 
usually with the help of substantial additional blowers.  The 
former reduces, and the latter eliminates, recirculation of 
warm exhaust air to the front of the rack thus increasing 
overall efficiency and the amount of equipment that can be 
placed in a given amount of floor space.  Hazards associated 
with water leakage are minimized by locating the water-
cooled heat exchanger away from live electronics, however, 
the efficiency gains are limited by the required fan power and 
the need for sub 20ºC chilled facility water. 

Cooling efficiency will increase dramatically if forced air 
is eliminated as a link between the outdoor air and the 
components on each chassis within a rack.  This will 
eliminate the need for chassis, rack and datacenter level fans 
and even with existing chipsets permit the facility coolant 
temperature to rise to 30-40C, possibly eliminating the need 
for refrigeration and even evaporative cooling towers (10, 
11). The efficiency gains achievable by raising junction 
temperature specifications to allow even higher facility 
coolant temperatures may well outweigh the decrease in 
efficiency of the components. 

Supplying electrically conductive facility water to 
components on a hot-swappable chassis, however, implies 
fluid couplings and some inherent risk.  An alternative is to 
pump the water through cold plates permanently mounted 
within the rack, adjacent to the chassis, and transfer heat to 
these cold plates using thermosyphons or heat pipes by 
conduction through a suitable, re-workable thermal interface 
(12, 13). Whether the risks are real or perceived a recent 
survey (14) shows that many are unwilling to tolerate water 
inside a datacenter let alone within a rack. 

Single and two-phase technologies based upon dielectric 
coolants are a safe and well proven technology for moving 
heat from components or racks to facility water or directly to 
the outdoor air.  Some two-phase technologies already in 
production make use of pumped high pressure HFC 
refrigerants like HFC-134a to transport heat from air within 
the rack or datacenter to facility water (15). Others would 
bring the HFC directly to the components on the board.  
Datacenter-wide adoption of such technologies makes a 
datacenter cooling system akin to a supermarket refrigeration 
system.  The latter are large distributed systems that are being 
scrutinized globally not only for the energy they consume but 
for their emissions of HCFC and HFC refrigerants and the 
resultant contribution to climate change (16). 

1.2. Immersion Cooling 
Single and two-phase immersion cooling with dielectric 

liquids has been a popular method of cooling high value 
electronics for more than 50 years.  Immersion cooling 
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provides an inert environment in which many and a variety of 
components can be very densely packed in an arbitrary form 
factor with very uniform temperatures. 

Transformers are often filled with liquids that provide 
dielectric protection but also help keep windings cool by 
single-phase natural convection.  Polychlorinated Biphenyls 
(PCBs) were popular single phase coolants until concerns 
over their toxicity forced the adoption of a variety of high 
flash point coolants like high molecular weight hydrocarbons, 
polyol esters and silicones (17, 18, 19).Chlorofluorocarbon 
(CFC) and Perfluorocarbon (PFC) (20, 21) liquids were often 
used in a passive two-phase mode particularly in densely 
populated areas where flammable or combustible coolants 
were not practical (22) PFCs were favored following the 
phaseout of CFCs and were often mixed with dielectric gases 
like SF6 to reduce cost.  PFC liquids have high global 
warming potentials and are facing increased scrutiny in all 
applications (23). 

Immersion cooling with PFC liquids has also been used 
for computing applications.  Notable are the Cray 
supercomputers, the most recent of which made use of direct 
spray impingement (24) with a PFC.  IBM researched the use 
of PFC immersion cooling (25) for mainframes, eventually 
opting for thermal conduction technology as an alternate 
method of accommodating very large numbers of devices.  
Immersion cooling was used for test in the production of 
multi chip modules.  PFC Liquids and HFC refrigerants are 
still used for semiconductor test in the direct and indirect 
modes though Hydrofluoroethers (HFEs) are now widely 
used due in part to the semiconductor manufacturing 
industry’s commitment to reduce greenhouse gas emissions 
associated with PFC loss (1) 

1.3. Power Electronics 
Immersion cooling with CFCs and later PFCs was a 

popular method of cooling Gate Turn-Off (GTO) thyristors 
for traction inverters in trains (26, 27) and heavy earth 
moving equipment (28). It has been employed more recently 
for cooling MOSFETs in the traction inverters of the 2004 
Sierra and Silverado Hybrids.  Some are studying the use of 
HFCs for immersion cooling of IGBTs in hybrid inverters 
(29) and hydrofluoroethers (HFEs) have also been suggested 
(30). The form factor of modern, off-the-shelf IGBT modules 
lends itself to indirect, pumped 2-phase technologies which 
show promise for transportation and energy applications. 

1.4. Military and Aerospace Electronics 
Some of the earliest immersion cooling applications were 

defense related test applications like thermal shock and gross 
leak (MIL-STD-883, 750, 202, etc.).  Silicate ester and PFC 
liquids (SAE-HMS-H-81829) were commonly pumped in the 
liquid phase in military power, guidance, radar and 
countermeasure systems.  Many of these systems are still in 
production or service.  Though polyalphaolefin (PAO) fluids 
have become preferred for many such airborne systems, the 
military’s edict to use Commercial Off-the-Shelf (COTS) 
components in defense systems has spurred the adoption of 
PFC-based immersion spray cooling technology for  some 
navigation, communication, computing and power electronics 

applications (31, 32) both on the ground and in the air.  The 
growing use of power electronics for fly-by-wire systems in 
commercial aircraft has increased interest in liquid cooling 
technologies. 

1.5. Thermosyphon 
The potential utility of thermosyphon technology for 

cooling high power microprocessors has long been 
recognized (13, 33). Thermosyphons have no moving parts 
and while subject to gravity, they are easily built to function 
in the two orientations common for workstation applications.   
A well-designed thermosyphon will often perform as well as a 
pumped water system of the same form factor and with less 
weight (34). 

Nonflammable dielectric working fluids are generally 
preferred for safety, resistance to freezing and compatibility 
with various and even dissimilar metals and alloys.  A few 
thermosyphon type CPU Coolers based on HFC-134a 
refrigerant have been sold into the retail aftermarket.  
However, their performance to date has been inferior to 
conventional heat pipe heat sinks of similar form factor and 
they’ve not graduated to the OEM market. 

2. Properties 
It is important to note that the properties of fluorinated 

ketones like C2F5C(O)CF(CF3)2, hereafter referred to as C6K,  
are markedly different than those of hydrocarbon ketones 
such as acetone.  C6K for example is not flammable; has low 
water solubility; and it is a very poor solvent.  

Molecular Formula C2F5C(O)CF(CF3)2 C6F14 C2F2H2

Fluid Type fluoroketone perfluorocarbon hydrofluorocarbon
Abbreviation C6K - HFC-134a
Normal Boiling Point [°C] 49 56 -26
Critical Temperature [°C] 169 178 101
Critical Pressure [MPa] 1.87 1.83 4.06
Freezing Point [°C] <-100 <-100 <-100
Closed Cup Flashpoint [°C] None None None
Open Cup Flashpoint [°C] None None None
Surface Tension [dynes/cm] 11.4 12.0 8.2
Thermal Conductivity [W/m-K] 0.059 0.057 0.081
Liquid Specific Heat [J/kg-K] 1103 1050 1424
Liquid Density [kg/m3] 1610 1680 1206
Kinematic Viscosity [cSt] 0.42 0.40 0.18
Latent Heat [kJ/kg] 88 88 178
Vapor Pressure at 25ºC [kPa] 40.4 30.9 665
Vapor Pressure at 100ºC [kPa] 441 350 3972
Resistivity [Gohm-cm] 10,000 1,000,000 NA
Dielectric Constant 1.84 1.76 NA
Dielectric Strength [kV@2.54mm] ~40 ~40 ~40
Solub. H2O in Fluid [ppmw] 21 10 1100
Atmospheric Lifetime [year] 0.014 3200 14
Global Warming Potential1 1 9300 1430
Ozone Depletion Potential 0 0 0
1 Based upon a 100 year Integration Time Horizon (ITH), 2007 IPCC Report  
Table 1:  Thermophysical Properties of Working Fluids (at 
25ºC except where noted) 

2.1. Thermophysical Properties 
As shown in Table 1, the thermodynamic, transport and 

electrical properties of C6K are strikingly similar to those of 
C6F14, a PFC fluid that has been used in direct and indirect 
contact cooling of electronics for more than 50 years.   

2.2. Thermophysical Properties 
As shown in Table 1, the thermodynamic, transport and 

electrical properties of C6K are strikingly similar to those of 
C6F14, a PFC fluid that has been used in direct and indirect 
contact cooling of electronics for more than 50 years.   
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2.3. Safety 
C6K has undergone extensive toxicity testing as required 

for its use in fire extinguishing applications in spaces 
occupied by human beings.  Results are shown in Table 2.  
Acute toxicity is low.  Industrial hygiene testing indicates that 
the 150ppmv 8-hour/day exposure guideline is not easily 
reached in well ventilated areas under typical charging and 
failure scenarios (35). 
Acute Inhalation NOEL=10% v/v
Cardiac Sensitization Not a Sensitizer (NOEL=100,000 ppm)
Acute Oral Toxicity Low Toxicity (LD50>2,000 mg/kg)
Acute Dermal Toxicity Low Toxicity (LD50>2,000 mg/kg)
Primary Eye Irritation Minimally Irritating
Primary Skin Irritation Non-Irritating
Skin Sensitization Not a Skin Sensitizer
Ames Negative
Chromosomal Aberration Negative
28-Day Inhalation Study NOAEL=4,000 ppm
8-Hour Exposure Guideline 150ppmv, 3M Medical Department
NOEL = concentration (v/v) in air at which no observable effects were noted
LD50 = mass to body mass ratio at which lethality is observed in 50% of test animals
NOAEL = concentration (v/v) in air at which no observable adverse effects were noted  
Table 2: Toxicological Data for C6K 

2.4. Environmental 
C6K is non-ozone depleting.  The atmospheric chemistry 

as it relates to global warming and ultimate environmental 
fate has been well documented (36, 37). The atmospheric 
lifetime with respect to photolysis is about 1 week and results 
in the formation of trifluoroacetic acid, CO2 and HF.  The first 
of these is present in the oceans of the world at concentrations 
well beyond what can be attributed to man made sources(38). 
HF reacts to form naturally occurring metal fluorides.  The 
resultant Global Warming Potential (GWP) for C6K is ~1 
compared to 1,430 for HFC-134a and 9,300 for C6F14. 

Change % Change % Change
oC Weeks Shore A2 Weight  Volume
25 1 -1.8 -0.6 -1.2

100 1 -2.2 +2.3 +0.8
25 12 -7.1 +0.8 -0.1
25 1 -2.7 +0.2 +0.1

100 1 -4.0 +4.3 +4.2
25 12 -4.2 +1.0 +1.1
25 1 -6.2 +0.7 +0.6

100 1 -12.6 +9.5 +10.6
25 12 -8.9 +2.2 +2.4
25 1 -4.7 +0.6 +0.3

100 1 -5.7 +3.3 +2.4
25 12 -6.8 +3.0 +2.6
25 1 - +3.1 +2.8

100 1 -5.4 +6.0 +5.1
25 12 -7.1 +4.0 +3.8
25 1 -0.7 -0.3 -0.5

100 1 +2.5 +4.6 +0.7
25 12 -7.1 -0.2 -1.3

1 ASTM D 471 2 ASTM D 2240

Property

Neoprene

Nitrile

Exposure1
Elastomer

Butyl

Fluoro

EPDM

Silicone

 
Table 3:  Elastomer Compatibility for C6K 

2.5. Material Compatibility 
Corrosion testing performed with C6K at 48ºC for 10 days 

with O2 present showed no significant corrosion with various 
aluminum, copper, brass, stainless and carbon steel alloys.  
Additional testing over 9 weeks at 100ºC with O2 present 
included measurement of corrosion rate and surface analysis 
by Scanning Electron Microscope (SEM) and Energy 
Dispersive Spectroscopy (EDS).  Deposits were observed on 
the non-stainless steel alloys and these were high in fluorine, 

however these were easily removed for mass balances, 
corroborating SEM analysis that revealed no significant 
pitting or corrosion. 

Elastomer compatibility testing shown in Table 3 reveals 
good compatibility.  EPDM has been preferred in fire 
extinguishing applications in light of 6 month testing at 75 ºC 
(Table 4) which included tensile strength and elongation.   

Property Butyl Nitrile Fluoro 
Elastomer EPDM Silicone Neoprene

Change in Shore A 
Hardness2 +6.0 +9.0 -6.0 +1.0 +6.0 +9.0

% Change in Tensile 
Strength3 -10.2 +18.9 -26.4 -3.5 -23.7 -13.6

% Change in 
Elongation3 -35 -38.1 -19.9 -13.8 -57.4 -28.2

% Change in 
Volume 6.6 +9.0 +9.2 +2.3 +2.1 +1.7

1 ASTM D 471 2 ASTM D 2240 3 ASTM D 412

Elastomer Type

 
Table 4: Elastomer Compatibility1 for C6K after 6 months at 

75ºC 

2.6. Chemical/Thermal Stability 
120 hour thermal stability tests conducted with C6K at 

230ºC in degassed glass ampules with copper and aluminum 
coupons showed fluid purity changes ~0.02% and only slight 
discoloration of the copper.  These results are similar to those 
of C6F14. 

Though it is very thermally stable, C6K will hydrolyze in 
the presence of liquid water (i.e. a separate water phase).  The 
dominant decomposition products are CF3CFHCF3 or HFC-
227ea and perfluoropropionic acid.  The latter is a strong 
organic acid.  Though self-limiting, the hydrolysis leaves a 
corrosive aqueous phase that will act on metals.  Molecular 
sieves and silica gel appear useful for removing water from 
C6K thus permitting its use in air-cooled systems but 
additional experiments must be conducted to assess the 
implications for water-cooled systems that may take on large 
amounts of water under failure scenarios.   

C6K will also react with nucleophiles like alcohols that 
are not anticipated in heat transfer systems.  Initial 
experiments show that it may react with activated alumina 
which is commonly used in PFC immersion systems as a 
precautionary measure to remove decomposition products that 
may form during the energetic failure of a component.  
Additional work is needed to assess the reactivity of C6K 
with materials common in the construction of electronics as 
might be required for direct contact applications. 

3. Performance 
Atmospheric pressure pool boiling experiments, 

conducted as described in previous work (39), show the 
performance of C6K with a new metallic boiling enhancement 
coating (Figure 2).  Data for C3F7OCH3, a segregated 
hydrofluoroether with an atmospheric boiling point of 34ºC 
and latent heat of ~140kJ/kg, are shown for comparison.  The 
data indicate that performance degradation can be expected 
compared to higher latent heat fluids like HFCs.  It should be 
noted, however, that heat transfer coefficients near 8W/cm2-K 
permit sink-to-fluid thermal resistances, Rsf, near 0.04ºC/W 
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for a 3cm2 heat source at 175W.  As shown in Table 5, this 
would allow a system with such a bare die processor to 
operate with C6K at atmospheric pressure while maintaining 
the average CPU junction temperature near 65ºC.  No data is 
yet available for forced two phase evaporators like those 
being proposed by other researchers (40). 
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Figure 2: Uniform heat flux, pool boiling data with porous 
metallic boiling enhancement at Patm 

 
Power [W] 175
Die Area [cm2] 3

[°C-mm2/W] 5.6
[°C/W] 0.0187

[°C-mm^2/W] 5.9
[°C/W] 0.0197

Evaporator [°C/W] 0.04
Total Rjf [°C/W] 0.0783
∆Tjf [°C] 13.7
Tsat [°C] 49
Tj [°C] 62.7

Silicon

Thermal Interface

 
Table 5: Estimated performance of C6K passively cooling a 
3cm2 bare die at Patm 

 
The condensation heat transfer coefficient is proportional 

to the fluid’s thermophysical properties as 
 

25.0

l

3
lvll hk)(

H ⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

µ

ρ−ρρ
∝  .    [1] 

 
Calculations indicate that condensation heat transfer 

coefficients for saturated C6K vapor at 50ºC will be about 
45% lower than for higher latent heat fluids like HFC-134a.  
Assuming air side heat transfer coefficients are similar for 
both fluids, an air-cooled condenser for C6K may be 26% 
larger than one designed for HFC-134a. 

3.1. Vapor Transport 
An important consideration for pumped 2-phase systems 

in which the evaporator and condenser are separated is the 
pressure drop associated with pumping vapor between them.  
For the simplified scenario shown in Figure 3, we can define 
the vapor mass and volumetric flow rates as 

 
Figure 3: Schematic of simple pumped 2-phase system 

 

h
Qm v =&          [2] 

 

2v
d
4mV

πρ
=
&

   .      [3] 

 
The Reynolds number, friction factor and pressure gradient 
can then be calculated 
 

v

v

v

vv dVdV
Re

ν
=

µ
ρ

=         [4] 

 
f = 64/Re,     Re<2,300   [5] 

 
f = 0.316Re-0.25,   2,300<Re<20,000  [6] 

 
f = 0.184Re-0.20,    Re>20,000  [7] 

 

d2
V

f
dx
dP 2

vvρ=  .      [8] 

 
For the pressure range of interest, the vapor pressure of a fluid 
can be expressed as  

( ) B
T
APln
sat

sat +=       [9] 

 

sat

2
sat

sat

sat
AP
T

dP
dT

−=        [10] 

 
where A<0 and B are correlation constants determined from 
known vapor pressure data and Psat and Tsat are expressed on 
an absolute scale.  Simple substitution then yields the 
saturation temperature gradient resulting from pressure drop 
as vapor is pumped through a conduit of a given diameter: 
 

sat

2
sat

2
vvsat

dAP2
TVf

dx
dT ρ

−≈ .     [11] 

 
More important than the pressure drop, the resultant 

saturation temperature drop, ∆Tsat, through a vapor conduit of 
length L has a direct impact on the performance of a system.  
It is manifest as an additional thermal resistance, R, between 
evaporator and condenser and it must be minimized:   
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dx
dT

Q
L

Q
T

R satsat =
∆

= .    [12] 

 
Calculations (Figure 4) show that the vapor conduit 

diameter required to ensure a saturation temperature drop less 
than 1ºC per meter of length of conduit for C6K is about 3.0 
times that for HFC-134a at a saturation temperature of 30ºC.  
By 50ºC and 100 ºC, the ratio has dropped to about 2.7 and 
1.6, respectively. 
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Figure 4: Conduit diameter required to keep saturation 
temperature drop less than 1ºC per meter length at 30ºC. 

 

 
Figure 5: Schematic of simple passive 2-phase system 
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Figure 6: Pressure gradient, expressed as liquid head for 
conduits carrying C6K vapor at 50ºC 

 
In passive 2-phase systems (Figure 5), the pressure drop is 

calculated similarly except that this pressure drop must be 

provided, not by a pump, but by the liquid head in the 
condenser if the system is to operate properly.  For such 
systems, it is best to express the pressure drop in liquid head, 
Z.  Using Equation 6, then 

dg2
V

f
dx
dP

g
LZ

l

2
vv

l ρ
ρ

=
ρ

= .     [13] 

 
Results for such calculations are shown in Figure 6. 

4. Conclusions 
With a GWP~1, C2F5C(O)CF(CF3)2 or C6K appears to be 

a potential sustainable alternative to high GWP materials like 
HFCs and PFCs for passive and pumped 2-phase cooling 
systems.  Its thermophysical, thermal stability and material 
compatibility properties are similar to those of the PFC C6F14.  
C6K’s lower vapor pressure when compared to high pressure 
HFCs is likely to reduce leakage rates but requires larger 
vapor conduits and couplings to maintain acceptable 
saturation pressure/temperature drops.  The lower latent heat 
of vaporization of C6K will increase the size of air cooled 
condensers ~25% relative to higher latent heat fluids like 
HFCs and the more sustainable segregated HFEs. 

More work is needed to assess the implications of 
hydrolysis of C6K for water cooled systems; to determine the 
performance capabilities of the fluid in pumped 2-phase 
evaporators; and to study the long term effect of the fluid on 
electronics for immersion cooling applications.  
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