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Coolant Candidate Selection
This document uses automotive battery
packs as an example to explore the
impact of coolant choice.
Most production automotive xEV battery packs
today are cooled by the same water-glycol solution
that has been used to cool combustion engines for
the last 100 years.
While a water-based coolant is very effective at
removing heat from the battery pack, it has a
number of potential issues which mean that it is not
ideal for use in high-voltage batteries:
•

•

•

•

It is conductive. This means that leaks inside
the battery might cause loss of insulation,
which may lead to a safety hazard (i.e.
potential for an electric shock).
When an electric current from the high voltage
battery flows through leaked water electrolysis
will occur, creating a potentially explosive
mixture of hydrogen and oxygen.
The electric current in the presence of moisture
can create conductive dendrites, which can
provide an ignition source for the hydrogen.
It can react violently with silver (e.g. used
as an anti-corrosion plating and in lead-free
solder) and some other metals and catch
fire in the presence of electricity (see related
resources for more details).

These failure modes can take a long time appear
– potentially several weeks. The most famous
incident of this type is the NHTSA testing of the
Chevrolet Volt which was crash tested on May 12th
and caught fire over the weekend of 4/5th June,
three weeks later (see related resources for
more details).
Because of these potential issues, there is a lot
of interest at present in using dielectric fluids for
cooling battery packs. These can sometimes be
used as a direct replacement for the water-glycol
coolant but, as their heat removal properties
tend to be worse than conventional water-glycol
coolants, changes to the battery pack design are
normally required.

Figure 1: Diagrammatic view of a liquid
cooling system
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Potential Alternative Coolants
Potential alternative coolants include:
•
•
•

•
•

•
•

Ethylene Glycol (EG/water) - the standard for
automotive applications
Aromatics - synthetic hydrocarbons of aromatic
chemistry, e.g. diethyl benzene (DEB)
Aliphatics - aliphatic hydrocarbons of paraffinic
and iso-paraffinic type, including mineral oils
(petroleum based), e.g. polyalphaolefins (PAO)
Silicones - “silicone oil” e.g. Syltherm XLT
Fluorocarbons - fluorinated compounds
such as perfluorocarbons e.g. FC-770,
hydrofluoroethers (HFE) and perfluorocarbon
ethers (PFE)
Liquid metals of Ga-In-Sn chemistry
Nanofluid - suspension of nanoparticles in
liquid (e.g. CuO nanoparticles in EG/water)

Relative Heat Electrically Cost
Transfer Rate conductive (£/litre)
Coolant
Water
1.00
Yes
0.001
EG/water 50:50 v/v
0.62
Yes
1.5
Aromatics (DEB)
0.23
No
45
Aliphatics (PAO)
0.23
No
2.74
Silicones (Syltherm XLT)
0.18
No
15.29
Fluorocarbons (FC-770)
0.11
No
366
Liquid metals (Ga-In-Sn)
65.17
Yes
5732
Nanofluid - EG/Water+5%CuO
0.75
Yes
unknown

Figure 2: Table showing alternative
coolant performance

Immersion Cooling
If the coolant is an insulator and does not
chemically react with any of the materials
on the outside of the cells then it is
possible to use immersion cooling.
With immersion cooling, the coolant is in direct
contact with the cells. This gives a heat transfer
rate similar to that obtained with water/glycol in a
conventional pack, and more even temperatures
across the cells' whole surface.

Figure 3: Diagrammatic view of an
immersion cooling system
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Coolant-Related Battery Testing
Which tests should be used, and why?
There are three groups of battery tests that are
significantly influenced by the coolant/cooling
system.
1. Performance tests i.e. can the battery function
as required in the vehicle over the expected
range of ambient and use conditions?
2. Life tests i.e. does the battery meet its
warranty targets, and customers’ expectations
for life?
3. Safety tests i.e. is the battery safe enough in
normal use and in other likely situations, such
as a crash?

The minimum set of tests for 3. are defined by the
hazardous goods transport regulations (section
38.3 for lithium-ion chemistries) and vehicle type
approval (UN ECE Regulation 100 for Europe)
- see related resources. As might be expected,
Millbrook does offer UN 38.3 and UN ECE
Regulation 100 testing of battery packs. These
standard tests cover low pressure (high altitude),
temperature cycling, vibration, shock, short
circuit, over-charge, crush, over-discharge, overtemperature and fire resistance.
The new Chinese GB38031-2020 standard
(mandatory from January 2021) adds thermal
humidity cycling (which may cause condensation
inside a pack), water immersion (in salt water). It
also adds protection against thermal propagation
(which requires that the vehicle occupants
receive a warning 5 minutes prior to the presence
of a hazardous situation inside the passenger
compartment caused by thermal propagation,
which is triggered by a single cell
thermal runaway).

One way to meet the last requirement (“5 minute
warning”) is to show that thermal propagation
does not lead to a hazardous situation for the
vehicle occupants. This may be easier to achieve if
immersion cooling is used.
For coolant testing in particular, Millbrook would
also recommend specific tests related to coolant
leakage. These can include coolant-flooding tests
(where a coolant leak inside the battery pack is
simulated) and pack rollover tests combined with a
simulated or real coolant leak.
It is perhaps less obvious how the coolant
impacts life. This is due to the fact that lithium-ion
battery cells are very sensitive to temperature –
typically, their life halves for every 10°C increase
in temperature above ~30°C. However, it is not
just the average cell temperature that affects
life, the distribution of temperature both within
individual cells and over the whole pack can have
a significant influence on life.
Unfortunately, it is not possible to accurately
predict pack life from a given cell/module/pack
temperature profile so the only solution is testing.
The temperature sensitivity of lithium-ion battery
cells is also apparent in the cells performance,
in this case higher temperatures result in better
performance. It is possible to get a reasonable
estimate of a packs performance by extrapolating
test data from cells, but as these tests are
relatively quick to perform and they provide a
robust check that the module/pack has been
correctly manufactured, it is recommended that
these are conducted before life testing. ISO 124054:2018 provides pack level tests for performance
and life, while IEC 62660 provides cell level tests.
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Test Process
This section shows an example test plan
for a battery coolant.
Once a candidate coolant has been selected and
its physical, chemical (including compatibility with
other materials likely to be encountered in use,
thermal decomposition products, flammability, etc.),
thermal and electrical properties are understood
then, normally, testing would start by investigating
its impact on the battery at the cell level.
If these tests yield good results, then a number of
cells would be interconnected to form a module
which would then be tested. After that a number of
modules would be assembled into a battery pack
and tested as a pack, and, finally, the pack
would be assembled into a vehicle for wholevehicle testing.

Testing this way minimises the cost of the whole
process. Cell-level testing is comparatively cheap
and can more easily be carried out over a wide
range of conditions, enabling the manufacturer
to explore a number of design options early-on.
The cell-level test results also allow the tests for
modules and packs to be refined, so test results for
a limited range of conditions can be extrapolated
(using the cell-level results) to cover all
operating conditions.
Note that for all tests, while the cell level tests
give an indication of what may happen in modules
and packs, the only way to actually find out what
happens is to test the larger subsystems. This
is because there are production variabilities in
cells, each cell in a module/pack will see different
conditions (e.g. cells near the edge may see a
different temperature and pressure than a cell in
the middle and the currents may not distribute
evenly through parallel cells) and a single failure
may propagate to adjacent cells to cause a more
significant event.

Figure 4: Test Process

www.millbrook.co.uk/ev-battery-testing

|

5

With all of these considerations taken into
account, the test plan would be as follows:
Cell-level

Pack-level

•

•

•

•

Performance tests to ensure the required
cooling (and potentially heating)
is achieved.
Life tests at a wide range of temperatures:
- Operating at a range of different
power levels and profiles
(“cycle life”)
- Not operating (“calendar life”)
A range of battery safety tests to
investigate a single cell and its
local cooling:
- These would include tests for
failures in the cooling system,
e.g. leaks and, especially for
dielectric fluids / immersion cooling,
the impact of contaminates like
conductive particles and moisture.

Module-level
•

•

•

Performance tests to ensure the required
cooling (and potentially heating)
is achieved.
Life tests at a subset of temperatures and
conditions (based on cell test results):
- Operating at a range of different
power levels and profiles
(“cycle life”)
- Not operating (“calendar life”)
A range of battery safety tests to
investigate the module and its cooling:
- These would include tests for
failures in the cooling system, e.g.
leaks and, especially for dielectric
fluids/ immersion cooling, the impact
of contaminates like conductive
particles and moisture.
- Thermal propagation tests (e.g.
based on GB 38031-2020)
- The UN 38.3 module tests

•

•

Performance tests to ensure the required
cooling (and potentially heating)
is achieved.
Life tests at a subset of temperatures/
conditions (based on cell and module
test results):
- Operating at a range of different
power levels and profiles
(“cycle life”)
- Not operating (“calendar life”)
A range of battery safety tests to
investigate the pack and its cooling:
- Tests to UN ECE Regulation 100
- Tests for failures in the cooling
system, e.g. leaks and, especially
for dielectric fluids/immersion
cooling, the impact of contaminates
like conductive particles
and moisture.
- Thermal propagation tests (e.g.
based on GB 38031-2020)
- Immersion, coolant flooding and
rollover tests.

www.millbrook.co.uk/ev-battery-testing

|

6

How Can Millbrook Help?
Millbrook’s main role as a test and
validation service provider is safely and
accurately to conduct the required tests.
It offers the largest independent battery testing
capability in the UK and regularly conducts testing
on different battery chemistries and coolant types,
from development samples to production.
Millbrook can also manufacture customised test
rigs for specialised tests and offers advice on
suitable battery hardware and tests.
This means that Millbrook is ideally placed to do all
your cell, module and pack testing including all the
testing required for coolant selection.

While this document has focused on automotive
battery packs, the same principles apply to packs
uses for other applications. What will change is the
standards used, e.g. ISO 18243 would be used for
mopeds and motorcycles, IEC 62619 & 62620 for
industrial applications.

Related resources
EV battery testing at Millbrook
Battery testing animation (YouTube)
Analysis of Ethylene Glycol-based Engine
Coolant as a Vehicle Fire Fuel
NHTSA testing of the Chevrolet Volt
UN 38.3
UN ECE regulation 100
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