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TTardigrades, also known as water bears, are tiny 1.5 mm invertebrates that live in aquatic and 
semi-aquatic habitats which mostly feed by sucking the juices from moss, lichens and algae. 
They are perhaps the most durable of known organisms as they are able to survive extreme 
conditions. They can withstand temperature ranges from −458°F (−272°C) to 300°F (149°C), 
pressures about six times greater than those found in the deepest ocean trenches, ionizing 
radiation at doses hundreds of times higher than the lethal dose for a human, and the vacuum of 
outer space. They can go without food or water for more than 10 years, drying out to the point 
where there is less than 3% water in their bodwhere there is less than 3% water in their body. 

These tardigrades were attached to a satellite and blasted into space in 2007. Scientists found 
that many of the tardigrades had survived the harsh condition after the satellites returned to the 
earth. In fact, some of the females had even laid eggs in space, and the newly-hatched young 
were healthy. Over 900 different tardigrade species have been discovered and fossils of them are 

dated to the Cambrian period over 500 million years ago, when the first complex animals were evolving. Ever since they were 
discovered in 1773, it has been clear that they are special.

Image credits: Eye of Science / Science Source

Source: http://www.bbc.com/earth/story/20150313-the-toughest-animals-on-earth
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Frederic Tudor, dubbed the so-called “Ice King,” was the 
first to commercialize and pioneer the ice trade in the early 
1800s. Food storage and icehouses became much more 
prevalent as the United States began to expand and 
people moved farther away. Daily trips to the butcher or 
market were not as practical, and people needed ways of 
storing meat and perishables for several days before they 
would spoil.would spoil. Tudor thought that he could capitalize on this 
growing market, with dreams of shipping ice to the 
southern states and even the Caribbean. His first venture 
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produce ice for New Orleans during the Civil War as 
southern states could no longer get ice from the ice trade 
up North.

Carl von Linde, an engineer and professor at the Carl von Linde, an engineer and professor at the 
Technological University of Munich in Germany, primarily 
specialized in steam locomotives but took an interest in 
refrigeration in the 1860s. His goal was to provide 
year-round refrigeration for the production of lager, and by 
1876 he patented an improved method of liquefying gases 
such as ammonia, sulfur dioxide, and methyl chloride. 
These gases, otherwise known as refrigerants, would be These gases, otherwise known as refrigerants, would be 
widely used for the next several decades. In 1879, Linde 
founded Gesellschaft für Lindes Eismaschinen 
Aktiengesellschaft ("Linde's Ice Machine Company"), now 
Linde AG, in Wiesbaden, Germany, and by 1890 he had 
sold 747 refrigeration machines. His machines were found 
in breweries, slaughterhouses, and cold storage facilities 
throughout Europe. By 1892, Linde would receive an order throughout Europe. By 1892, Linde would receive an order 
from the Guinness brewery in Dublin for a carbon dioxide 
liquefaction plant, vaulting Linde into the field of 
low-temperature refrigeration. This would eventually lead to 
the development of a process for the liquefaction of air and 
fractional distillation to obtain pure oxygen and nitrogen. [7]

Because of the advances in mechanical refrigeration, 
breweries could continuously create large quantities of 
lager year round. One of the first breweries to use a 
mechanical refrigeration system was S. Liebmann's Sons 
Brewing Company in Brooklyn, New York in 1870. Over the 
next few decades almost every brewery would be using a 
mechanical refrigeration machine. Refrigeration was then 
adopted to service the meat packing industry by freezing adopted to service the meat packing industry by freezing 
meat supplies and providing cold storage locations. 

experimented by evaporating ether using bellows to 
quicken the process and successfully reduced the 
temperature of a mercury bulb down to 8°F when the 
outside air was 70°F. As the temperature dropped to 32°F, 
they noticed a thin film of ice forming around the outside of 
the mercury bulb, and when the experiment was finished 
they had achieved a layer of ice almost one quarter inch 
thick [4].thick [4].

In 1805, American inventor Oliver Evans designed the very 
first vapor-compression refrigeration machine. His design 
focused on first compressing a gas and cooling it through 
coils, and then expanding the gas to absorb heat from the 
surrounding environment. Research on refrigeration was 
also conducted by English scientist Michael Faraday in the 
1820s, as he was the first to liquefy ammonia using high 
pressures and low temperatures. His work would pressures and low temperatures. His work would 
eventually lead to the adoption of the gas absorption 
refrigeration system using gaseous ammonia dissolved in 
water [5].

In 1842, American physician John Gorrie built a similar 
working prototype of a vapor-compression refrigeration 
machine to cool down ill patients from tropical heat which 
he believed led to the spread of disease and malaria. 
Gorrie's machine was capable of cooling air and water to 
produce ice, but was a commercial failure. Ferdinand Carré 
of France expanded on Gorrie's work and would develop 
the first water-ammonia refrigeration machine in 1859,  the first water-ammonia refrigeration machine in 1859,  
patenting it in 1860 [6]. Carré's machine was used to 
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1) Ultra-pure distilled water (UP-H2O) with an electrical 
conductivity of 0.5 µS/cm, and

2) Premade mixture of 50:50 ethylene glycol and UP-H2O, 
and nonionic inhibitors ( EG-LC). 

The fluid and test sample were placed in a The fluid and test sample were placed in a 
polytetrafluoroethylene (PTFE) container which was 
cleaned with distilled water, alcohol and UP-H2O and dried 
in ambient atmosphere. PTFE containers were chosen 
over borosilicate glass because they contain strong, 
compact bonds which are excellent at maintaining their 
original crystallinity, therefore exhibiting less ion leaching 
into the base fluid.into the base fluid. The containers were charged with either 
UP-H2O or EG-LC. Metal and polymer coupons were 
rinsed with distilled water, alcohol and UP-H2O and 
polished to remove excess surface debris. The materials 
were placed in the containers and sealed with PTFE thread 
tape and PTFE lids. The samples were allowed to 
equilibrate at room temperature for two days before 
recording the initial electrical conductivitrecording the initial electrical conductivity.  In all tests, fluid 
electrical conductivity was measured to an accuracy of 
±1% using Oakton® CON 510/CON 6 Series meter which 
was calibrated prior to each measurement. A furnace was 
preheated to 80°C in ambient atmosphere and verified for 
heating uniformity to ±1°C at different locations, i.e. from 
the wall heating coils to the center of the furnace. The 
PTFE sample containers were placed in the furnace when PTFE sample containers were placed in the furnace when 
steady state temperature was reached. The test setup was 
removed from the furnace every 168 hours (seven days), 
cooled to room temperature, and the electrical conductivity 
of the fluid was measured. The time for the samples to 
cool, be measured, and placed back in the oven was 
generally less than four hours. The electrical conductivity of 
each fluid sample was monitored for a total of 5000 hours each fluid sample was monitored for a total of 5000 hours 
(~208 days).
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increase of approximately 1.77 µS/cm per day. This 
indicates that, during the course of the experiment, a 
constant ion leaching occured when the fluid was in contact 
with the components in the system. The electrical 
conductivity of the UP-H2O in the loop containing the ion 
exchange resin cartridge consistently remained below 0.5 
µS/cm, indicating that the ion exchange resin was able to 
remove the ions that leached into the fluid stream, remove the ions that leached into the fluid stream, 
maintaining the low electrical conductivity of the fluid for the 
duration of the experiment.

Figure 6 shows the change in the measured electrical 
conductivity of the fluid samples when stirred with the resin 
sample. The conductivity of the water sample from the 
closed loop experiment reduced by approximately 70%, 
from 11.77 µS/cm to 3.32 µS/cm in six hours. The electrical

Maintaining Low Electrical Conductivity of Liquid Coolants for Electronics Cooling
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conductivity of the NaCl solution reduced by approximately 
85%, from 11.82 µS/cm to 1.8 µS/cm in six hours.

These results indicate that the capacity of the resin These results indicate that the capacity of the resin 
depends on the test fluid used for the experiment. 
Therefore, calculating the ion exchange resin capacity with 
a fluid sample from the actual cooling loop is important. In 
order to accurately calculate the longevity of the resin 
cartridge used in the cooling loop experiment, the resin 
capacity with the water sample from the closed loop 
experiment was taken into consideration.experiment was taken into consideration. An ion exchange 
resin cartridge containing 20 g of Dowex mixed bed resin 
may take on the order of 938 days to saturate. In other 
words, to maintain a low electrical conductivity, a resin 
cartridge with the same dimension and weight specification 
as that of the resin cartridge used in the experiment, needs 
to be changed every 30 months for the cooling system that 
was used in the experiment. was used in the experiment. 

Maintaining Low Electrical Conductivity of Liquid Coolants for Electronics Cooling
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A quick and accurate way to measure the glycol concentration in a HVAC or mechanical system is through a hand-held 
refractometer. Here are a few do's and don’ts for the proper use of this instrument.

 Be sure the instrument is clean and dry before use

 Use enough fluid to cover the entire measuring prism

 Point the instrument at a light source when taking the 
reading

 Read from the appropriate side of the scale (ethylene 
or propylene glycol)

  Clean the instrument after each use

 Do not touch the measurement prism or bottom of the 
sample cover

 Do not get fluid on the eyepiece of the instrument

 Do not open the sample cover when taking a reading

 Do not test a sample that is too hot or too cold 
(between 70°F and 85°F is best)

 Do not drop the instrument or subject it to hard knocks

FLUID FOCUS
Heat transfer fluids such 
as glycols, brines, 
thermal oils and 
silicones are important 
components of many heating 
and cooling processes. Maintaining the 
health of these fluids is very important for increasing the 
service life of the system. Particulates in the fluid can service life of the system. Particulates in the fluid can 
cause severe system problems as discussed below. 
Filters are recommended to be used in heat transfer 
fluid loops to mitigate these issues.

 Clogging of the heat exchangers

 Erosion of the piping and other components

 Seizing of pumps

 Increase of viscosity, therefore requiring higher 
pumping power

 Localized corrosion due to debris deposit

 Foaming
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Future Fluids - Nano-fluids

to have a higher thermal conductivity than the base fluid. 
While many studies showed that there is a significant 
improvement in effective thermal conductivity, some works 
indicated that there is no significant enhancement. These 
discrepancies in the experimental results were also 
observed when similar types of nano-fluids were tested by 
two different research groups. This could be because 
efeffective thermal conductivity of a nano-fluid is dependent 
on many factors, including preparation method, additives, 
distribution pattern of particles, particle size, and particle 
shapes. 

Many theories have surfaced to explain the anomalous 
increase in the effective thermal conductivity of nano-fluids. 
Brownian motion of particles, formation of highly 
conductive layers at the particle and liquid interface, and 
nano-convection due to the motion of particles are some of 
the possible reasons for enhanced thermal conductivity of 
nano-fluids [6]. Numerous theoretical models were 
formulated which incorporated the above mechanisms to formulated which incorporated the above mechanisms to 
predict the thermal conductivity of nano-fluids. These 
models are broadly divided into static and dynamic models 
[7]. While static models are very basic models where 
Brownian motion of particles is ignored, dynamic models 
include motion of particles in the base fluid. Most of these 
models could not accurately predict the thermal 
conductivity values obtained from experimental work [7]. conductivity values obtained from experimental work [7]. 
Forced convection property which is primarily based on the 
heat transfer coefficient of the fluid was also expected to 
increase in these nano-fluids. Researchers also suggest 
that the disturbances caused in boundary layers by particle 
motion could be the factor contributing to the enhancement 
of the heat transfer coefficient of nano-fluids. In addition to 
the issues related to settling of the nano particles, an the issues related to settling of the nano particles, an 
increase in viscosity of the fluids with the addition of nano 
particles poses a different kind of challenge. Higher 
viscosity results in increased pumping power, and in many 
cases a marginal increase in heat transfer coefficient will 
not be sufficient to justify the use of nano-fluids.  

Nano-fluids can be used in a variety of fields, including 
aerospace, automobile, electronics, nuclear applications, 
biotechnology, defense, tribology, etc. In areas such as 
nuclear power generation, nano-fluids could play a vital 
role for pressurized water reactors (PWR) where critical 
heat flux (CHF) limits the amount of steam that can be 
generated. Some studies have concluded that the use of 
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Dynalene Inc. is pleased to announce the opening of its 
3rd manufacturing and distribution facility in Salt Lake 
City, Utah. This new location will be equipped with 
multiple large scale blending tanks as well as more than 
40,000 gallons of bulk fluid storage for propylene glycol, 
ethylene glycol and Dynalene HC.

The plant will produce and ship the entire line of The plant will produce and ship the entire line of 
Dynalene heat transfer fluids. The Salt Lake City facility 
was added to service our customers in the western states 
including Utah, Wyoming, Colorado, California, Nevada, 
New Mexico, Oregon, Washington, Idaho, and Montana. 
This new location will result in reduced shipping costs by 
as much as 60% and cut transit times in half for 
customers in these states. By adding this facility customers in these states. By adding this facility 
Dynalene is in a position to deliver products to our 
customers throughout the United States in a short period 
of time while maintaining high quality standards (ISO 
9001), excellent customer service and flexibility. 

Dynalene HC 
chemistry, one of the 
leading products in 
the Dynalene fluid 
lineup, is now 
available in a “food 
safe’ formula. We are 
proud to present proud to present 
Dynalene HC-FG. 
This formulation has an NSF HT-1 rating for incidental 
food contact and maintains the identical heat transfer 
efficiency as the original formula. With two formulations of 
Dynalene HC (the original and the FG) to choose from, 
process engineers and designers of HTF systems around 
the world now have a “go to” fluid for  food and non-food the world now have a “go to” fluid for  food and non-food 
plant applications. Visit Dynalene’s website to know more 
about the Dynalene HC-FG product  or contact us today at 
1.877.244.5525.

   

Dynalene has been nominated for 
the Governor’s Impact Award in 
the category of Export Impact 
Category for the year 2015.

The GovernoThe Governor’s ImPAct Awards 
are designed to celebrate the 
companies and individuals who 
are investing in Pennsylvania and 
creating jobs.

In the recent past, Dynalene was nominated in the In the recent past, Dynalene was nominated in the 
category of Entrepreneur Impact for the years 2013 and 
2014.

Dynalene now offers a 
comprehensive filtration 
solution that is compatible with 
most heat transfer fluids. Our 
product line includes standard 
and custom design equipment 
that can be tailored to your 
needs.needs. The filtration product 
line consists of filter vessels 
and bag filters that are 
compatible with our fluid 
chemistries. They are available 
in different materials of 
construction, fluid handling 
capacity and flow rate.capacity and flow rate. The 

bag filters are compatible for use with standard filter 
housing. 

Additionally, Dynalene also offers basic testing devices 
that can be used for fluid property measurements to help 
monitor the health of your fluids.

Dynalene’s new ion exchange resin 
product line includes resin cartridges 
that can help maintain low 
conductivity in the coolant loop. 
These IC Series ion exchange resin 
cartridges are designed and tested 
extensively for greater ion removal and can be installed in 
a system operating at 200°F (93°C).a system operating at 200°F (93°C). These cartridges are 
currently used in low conductivity cooling applications 
such as fuel cell and battery cooling and  can be custom 
designed for any cooling system.
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Email: info@dynalene.com
Phone: 610.262.9686 / 1.877.244.5525
Fax: 610-262-7437
Web: www.dynalene.com

Headquarters:
5250 W. Coplay Road, Whitehall, PA 18052.

Midwest location:
648 Bennett Road, Elk Grove Village, IL 60007.

West location:
1701 S 5350 W, Salt Lake City, UT 84104. 

Dynalene is an ISO-9001 certified leading manufacturer and supplier of heat 
transfer fluids. For the past 20 years, Dynalene quality products have been 
used in a variety of applications by thousands of customers worldwide.

Temperature range reference chart for Dynalene heat transfer fluids 


