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more and more complex, process-

ing and analyzing a growing number
of sensors and signals. The result of this
increased computing is often higher and
more concentrated electronic heat loads.
Because this excessive heat compromises
the reliability of a system, air cooling is
no longer adequate for some applications.
Many engineers are turning to liguid cool-
ing to remove the heat.

Ernhedded systems are becoming

exchanger and pipes or hoses,

Designing a Liquid
Cooling Loop for
High-Performance Systems

by Richard Goldman and Tracey Barber

The complexities of designing a lig-
uid cooling system can be intimidating
for those unfamiliar with this set of tech-
nologies, Although selecting the thermal
components for a liguid cooling loop is
relatively straightforward, there are other
considerations or nuances that can be
overlooked. These include materials com-
patibility, corrosion prevention, conden-
sation control, the position of the liquid
cooling loop, use of standard versus cus-

B A liguid cooling loop usually includes a cold plate, reservoir, pump, heat

A properly designed and integrated liquid cooling loop can provide highly
effective heat removal, with low risk, for high-performance systems.

tom parts, joints, fttings, connectors and
maintenance and service,

A liquid cooling loop typically con-
sists of a cold plate, pump, heat exchanger
and pipes or hoses (Figure 1). The board
generates waste heat, which is transferred
from the board o the thermally conduc-
tive plate, and then to the liguid coolant
that flows through the cold plate.

Typically, the fluid path matches the
hot spots on the board, The heated coaol-
ant is then pumped through the heat ex-
changer, where heat is moved from the
coolant to either the ambient air, or, in the
case of a liquid-to-liquid heat exchanger,
to another liquid coolant. The cooled
coolant then flows through the pipes or
hoses back to the cold plate, completing
the cooling loop. Under normal opera-
tion, the liquid coolant continuously Hows
through the liquid cooling loop to keep
the board cool.

Materials Compatibility
Since all of the materials and the
fluid in the liquid cooling loop must
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cations, since it has
excellent  thermal
conductivity  and
is compatible with
most  non-corrosive  fluids.  Aluminum
is compatible with fluids such as polval-
phaolefin {PAO), oil, ethylene glycol and
water solutions, as well as Fluorinert, an
electrically insulating, inert perfluorocar-
bon fluid used in many electronics cooling
applications. Stainless steel is compatible
with most fluids, including corrosive flu-
ids such as de-ionized water. Several dif-
ferent fluids are compatible with various
standard cold plate and heat exchanger
materials ( Figure 2).

Most liquid coolants also need a
small percent of additives to inhibit cor-
rosion and to lubricate the pump. How-
ever, it is important to note that corrosion
inhibitors can be rendered ineffective by
incompatible materials elsewhere in the
svstern. so this must be evaluated as well.
Biocides, algaecides and pH wvalue ad-
justments may also be helpful in main-
taining the system, depending on which
liquid coolant is selected.

Corrosion Prevention
Corrosion can cause problems in two
different ways, Not only can material
corrode away, which leads to leaks, but
the corroded material can be deposited
elsewhere in the system and block fluid
passages or [ilters. This can produce a
drop in pressure that, in turn, causes re-
duced coolant flow, In addition,
it the deposition occurs
on active heat transfer
surfaces, the extra
thermal resistance
caused by fouling
can make tempera-
tures rise,
Both galvanic
corrosion and ero-
sion corrosion
should  be
mized in the liguid

T various fluids are compatible with a number of standard cold plate and
heat exchanger materials.

cooling loop. Galvanic corrosion occurs
when dissimilar metals are in electrical
contact with each other in the presence
of an electrolyte, i.e., a conductive liguid.
Most water-based coolants are electro-
Iytic to some degree.

To prevent galvanic corrosion, either
the loop should be designed with similar
materials throughout the system, ideally
with just one metal, or a non-conductive
fluid should be used. The galvanic poten-
tials of all materials in the svstem should
be considered. This includes not only the
primary thermal components, but also
all of the connectors, fittings, valves and
junctions in the fluid path,

Erosion corrosion is the acceleration
in the rate of corrosion in metal due to
the relative motion of a fluid and a metal
surface, It is most often found in pipe
bends (elbows), tube constrictions and
other structures that alter flow direction
or velocity. Erosion corrosion is most
prevalent in soft alloys, such as copper
and aluminum.

Some methods for minimizing ero-
sion corrosion include allowing bends
have larger angles, changing pipe diame-
ters gradually rather than abruptly and im-
proving the flow lines within the pipe by
deburring, ie.. smoothing out irregulari-
ties. Other methods include reducing the
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mini-  EEECEEES An aluminum cold plate with gold chemical conversion coating and custom  test
surface machining, designed to cool a circuit board.
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In addition to
minimizing corrosion, it is important to
minimize or prevent condensation. One of
the risks of using coolants below ambient
lemperatures is that condensation may form
on the cool surfaces. This condensation
could drip onte electronics, or collect in the
bottom of the system and cause corrosion.
To avoid condensation, the surface temper-
ature can be maintained above the ambient
dewpoint by either insulating these surfaces
or using higher fluid temperatures,

In a properly designed and maintained
liquid cooling loop, leaks are very unlikely.
However, to minimize the effect of any poten-
tial leaks. the reservoir and liquid loop can be
located below electronics that would short out
if coolant or condensate dripped or sprayed
on them. Other options include installing a
liquid shield or barrier over the high-voltage
portions of the electrical system,

When designing the liguid cooling
loop, there is also the option of using stan-
dard or custom parts. There are advan-
tages and disadvantages to each. Standards
are readily available if replacements are
needed. Custom parts, on the other hand,
are optimized for the application’s size,
performance and device requirements,
However, they will have longer lead times
and may have a higher cost,

Joints, Fittings and Connectors
The number of joints in
the cold plate or heat
exchanger 15 impor-
tant. When there are
more joints that must
be brazed. there is a
higher risk of leaks. 1t
15 important to ensure
that the manufacturer
is highly skilled at
brazing, has proper
procedures  in
place and eliminates
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any unnecessary braze points within a
custom component.,

To prevent leaks, the right fittings
must be selected and properly used (Fig-
ure 3). For a leak-free joint, a beaded tube
fitting mates with a hose that is secured
with a clamp. Hard plumbing is gener-
ally preferable to hoses, but hoses may be
used in environments where systems are
exposed to shock or vibration. A unit with
a straight tube fitting can be welded into
the system or used with a self-locking,
torque-free fitting, With a quick-discon-
nect coupler that is not drip-free, an oc-
casional drop of fluid must be expected
when connecting or disconnecting the
fittings. Another option is to use O-rings
that are manufactured 1o Society of Auto-
maotive Engineers (SAE) material specifi-
cations or those manufactured to military
specifications. These fittings are available
in various materials and sizes and provide
a reliable leak-free seal.

Maintenance I Service

Although maintenance and service
may be the last thing engineers consider

when designing a liquid cooling loop, in-
cluding this consideration in the design
process will help to reduce problems over
the long term.

Several different types of questions
must be answered. For example, will the
pump need lubrication over its life or is
the coolant going to perform that function?
Will the fluid reservoir need topping oft?
Which components are field-replaceable?
What is the maintenance schedule? What
is the required pump life? If pump replace-
ment is needed, how does one charge the
system and start the system up?

Other questions concern what the
user must do to get the system work-
ing again. Does this require removing
the electronics and cold plate, or just
the electronics, and can both be easily
removed and replaced merely by snap-
ping in a new one? If the cold plate is
replaced. will it be shipped with cooling
fluid? Does the OEM ship the system or
tield-replaceable unit filled with fAluid? If
so, freezing of the fluid may be a con-
cern, such as in airplane cargo holds
that get very cold,

These questions must be considered
by members of both the design team and
the operations and maintenance team, In-
volving all of the affected individuals in
these decisions will help to ensure smooth
operations in the future.

Materials compatibility, corrosion
prevention, condensation control, the
position of the liquid cooling loop, stan-
dard versus custom parts, joints, fittings,
connectors, hoses and maintenance and
service requirements all must be consid-
ercd when designing either a modified
standard or custom liguid cooling loop.
When properly integrated into a system,
liquid cooling can provide highly effec-
tive heat removal with low risk. Today,
tens of thousands of cold plates and heat
exchangers are liquid cooling electronics
in some of the most demanding and high-
performance applications,
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See Our Design Expertise For Yourself.

At Elme Bustranic, the quality of our design is reflectad in every custom backplane we preducs.
As switched seriol inferconnects place performance demands on backplanes, you need o design
team thot's up to the challenge. We hove extensive experience in high-spesd diffarentiol pair
roufing with speeds from 3.125 1o 6.250 Ghps, and beyond. Cur signol integrity analysis and
simulalion leals ensure the we supply you with an efficient, costeffective design solution e
werks superbly the first fima, every time. And we continue 1o expend our technical resources with
new high-speed maosurement technolagy, interconnect model axiraction, and soffwara fo support

measuremant-driven design.
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