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Your reliable expert partner for everything
relating to air conditioning and cooling!

Your reliable expert partner
for everything relating to
air conditioning and cooling!
With MAHLE, you’re supported by a reliable part-

well as workshop equipment, diagnostics, and

ner that’s an expert in everything relating to air

other services. Since precise thermal manage-

conditioning and cooling and has the extensive

ment is a prerequisite for the reliable operation

know-how of an original equipment manufacturer.

not only of combustion engines but also of hybrid

You can obtain all BEHR thermal management

and electric drives as well as fuel cell technology,

spare parts under the MAHLE umbrella brand as

you are ideally equipped for the future.

We’ve prepared this brochure to give you concise answers to common
customer questions about air conditioning and cooling. With that in mind,
we recommend that you keep hold of this copy in your workshop.

03

Did you know? MAHLE is one of the world’s
leading original equipment manufacturers for
engine cooling and automotive air conditioning.
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Air conditioning and
engine cooling systems

A /C system
Function and design
Refrigerant circuit with expansion valve
3
2

1

4

5

1

Air conditioning condenser

High-pressure side, gas

2

Air conditioning compressor

High-pressure side, liquid

3

Expansion valve

Low-pressure side, gas

4

Evaporator and blower fan

Low-pressure side, liquid

5

Filter-drier
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Engine cooling system
Function and design
Coolant circuit
3
2

1

4

5

6

8

Heated coolant

7

Cooled coolant
1

Radiator

5

Heater valve (optional)

2

Thermostat

6

Coolant pump

3

Cabin heat exchanger

7

Radiator fan

4

Engine

8

Airflow
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Air conditioning systems

A /C systems
Why do A /C systems need maintenance?
n

Up to 10 percent of the refrigerant may be lost each year.

n

Otherwise, the oil supply to the air conditioning compressor can be put at risk.

n

Moisture in the system can lead to expensive repairs.

Every year, up to 10 percent of the refrigerant

Having the air conditioning system inspected

may be lost from the system through hoses and

annually can minimize this risk. In addition, refrig-

connecting elements. This can noticeably impair

erant absorbs moisture from the outside via the

cooling performance after just three years.

system’s hoses. The air conditioning system’s
filter-drier can retain some of this moisture. How-

In addition, the refrigerant circulating in the air

ever, it reaches saturation level after around two

conditioning system serves as a carrier for the

years of operation. Failure to replace the filter-

oil that’s also present there. The air conditioning

drier at regular intervals can lead to corrosion due

compressor needs this oil for lubrication. If there’s

to the high water content in the system.

too little refrigerant in the system, the compressor
may no longer be adequately lubricated. This can

Excessive wear and mechanical damage to sys-

lead to a total failure of the compressor. The nec-

tem components are inevitable. There’s also a

essary repairs may run to up to a thousand euros.

danger of the expansion valve icing up, which can
lead to significant operating problems and even
cause the air conditioning system to fail.

The risk of expensive repairs can be minimized
by regularly replacing the filter-drier.
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Why do A /C systems need regular disinfection?
n

Bacteria, fungi, and other micro-organisms that settle on the evaporator can cause
musty odors and allergic reactions.

The evaporator is located below the dashboard

cabin. Many people experience allergic reac-

and is integrated into the ventilation system. This

tions (sneezing, coughing, streaming eyes) as a

difficult-to-reach area with its dark, dank environ-

result. These micro-organisms can also cause an

ment is ideal for bacteria, fungi, and micro-organ-

unpleasant, musty odor.

isms. Dirt particles in the ambient air that collect
on the fins of the evaporator provide them with

Regular disinfection of the evaporator kills off any

somewhere to settle.

micro-organisms that may be present. If carried
out properly and professionally, disinfection is

These unwanted pathogens are carried by the
ventilation system into every corner of the vehicle

harmless to human health.
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Why does the cabin filter have to be replaced once a year or
every 15,000 km?
n

Because the flow of air through the cabin filter decreases over time, it needs
to be replaced regularly. This is also prescribed by vehicle manufacturers.

n

A clogged cabin filter can destroy the blower motor.

n

Fogged windows can often be attributed to a clogged filter.

n

Unpleasant odors can also originate in the cabin filter.

A cabin filter generally consists of a microfiber

on the interior blower and, in extreme cases, the

mat that filters dust, dirt, and pollen out of the air.

resulting overheating may even destroy it.

Cabin filters containing activated carbon also trap
gaseous pollutants (hydrocarbon compounds,

Fogged windows can be a further consequence

ozone). When you consider that up to 300 cubic

of a clogged filter, because the air in the cabin

meters of outside air flow through the filter every

becomes too humid. The dirt particles captured

hour, you can imagine how the “saturation level”

by the filter react with the air humidity over time.

can be reached after a year or 15,000 km. The

Odors can also develop in the event of excessive

filter then has to be replaced. If it isn’t, the airflow

aging of the filter.

rate will be reduced. This places a greater load

Good to know! Compared with conventional
cabin filters, MAHLE’s CareMetix® cabin filters
ensure that no intense odors, mold, bacteria,
or allergens enter the vehicle interior.
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Why does the filter-drier have to be replaced?

n

The filter-drier removes moisture and dirt particles from the air conditioning system
to protect it against damage and optimize its cooling performance.

The air conditioning system’s filter-drier (also

Excessive wear and mechanical damage to sys-

called an accumulator, depending on the sys-

tem components are inevitable. There’s also a

tem) can retain some of this moisture. However,

danger of the expansion valve icing up, which can

it reaches saturation level after around two years

lead to significant operating problems and even

of operation. Failure to replace the filter-drier at

cause the air conditioning system to fail.

regular intervals can lead to corrosion due to the
high water content in the system.
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Are there exceptions to the two-year replacement interval for
filter-driers/accumulators?
n

Vehicle manufacturer doesn’t prescribe replacement, and the vehicle is still
under guarantee/warranty.

n

The filter-drier and condenser form a fixed unit.

n

It would take an excessive amount of time.

n

The air conditioning system is leaking.

In a limited number of specific cases, there are

This also applies to the few vehicle types for

exceptions that justify deviation from the two-

which replacing the accumulator/filter-drier would

year replacement interval for the filter-drier/

take an excessive amount of time. It’s worth con-

accumulator:

sidering and weighing up whether a replacement
interval of three or four years might be sufficient in

If the vehicle is still under the manufacturer’s guar-

these cases. If it turns out that the air condition-

antee/warranty, and the manufacturer doesn’t

ing system is leaking and there’s no refrigerant

prescribe replacement of the filter-drier/accumu-

left in the system, then the filter-drier/accumulator

lator at certain intervals, then there’s no need to

must always be replaced, even if it’s less than two

replace it during a normal air conditioning service.

years old. See also “Why does the filter-drier have
to be replaced?”

However, this decision should be made in consultation with the customer and/or vehicle manufacturer. In a small number of vehicles, the filter-drier

Tip: Replacement of a filter-drier/

and condenser form a fixed unit, which means

accumulator can be delayed by

the filter-drier can’t be taken out and replaced.

performing an annual, extended

Given the enormous amount of work and high

evacuation of the system in the

cost involved, it isn’t absolutely necessary to

“problem cases” outlined above.

replace the entire unit every two years.
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What role do A /C systems play in safety?

n

Heat is tiring.

n

Concentration levels fall.

n

Reaction times slow.

n

The risk of having an accident increases.

Scientific studies have shown that our ability to

Occupants feel comfortable. This means that the

concentrate reduces as temperatures rise, and

driver’s ability to react and concentrate is main-

we tire more quickly. At the same time, our reac-

tained over a longer period of time.

tion times slow. This significantly increases our
risk of having an accident. Vehicle air conditioning
systems cool the cabin to a pleasant temperature
while dehumidifying the air.
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How does moisture get into the A /C system?
n

Hoses are water vapor permeable.

n

Most of the oils that circulate through the air conditioning system with the refrigerant
are hygroscopic (i.e., they attract water).

Although air conditioning hoses are made up of

The oil that circulates with the refrigerant through

various layers, they aren’t 100 percent gastight.

the hoses is hygroscopic and attracts moisture.

Just as refrigerant leaks through the hoses to the
external air, water vapor (air humidity) penetrates
from the outside into the inside through the hose.
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A /C check/service/maintenance/test—what do all these terms mean?
n

In an A /C check or test, certain parameters are inspected without changing the refrigerant.

n

An A /C service, or A /C maintenance, involves a complete inspection and includes changing
the refrigerant and replacing various parts.

Customers often ask what the difference is

let temperature at the center nozzle. This gives a

between a check, a service, and so on. Although

rough indication of the health of the air condition-

there’s no standard market definition for these

ing system, and serious defects may be identified

terms, a check is effectively the same as a test,

immediately.

and a service is the same as maintenance. A
workshop specializing in servicing air conditioning

The cabin filter should always be checked and,

systems, should stick to the following approach:

if necessary, replaced as well. A check/test also
includes a visual inspection of all the air condi-

A check or test should be performed annually.

tioning system’s key and easily accessible com-

The focus here is on reviewing important param-

ponents.

eters, such as high and low pressure and the out-
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Why does the cost of an A /C service differ so much from workshop
to workshop?
n

Varying scope of work

n

Different definitions of what constitutes an air conditioning check, service, etc.

The cost of an air conditioning check or service

This means that some workshops leave out

may differ significantly from workshop to work-

entire process steps, for example, which results

shop due to the varying scope of the work per-

in a lower cost. The prices quoted can only be

formed. There’s no standard market definition of

compared if the points covered in the inspection,

what constitutes an air conditioning check, ser-

the work carried out, and any replaced parts are

vice, maintenance, or test.

identical.
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Why is A /C servicing being pushed so hard?
Isn’t this just a money-making ploy?
n

Not at all! Experience has shown that regular air conditioning system maintenance can prevent
damage—and with it, expensive repairs.

Even just a few years ago, it was thought that

become cost-effective for almost all workshops

air conditioning systems were closed systems

to offer air conditioning servicing and repairs.

that didn’t require any maintenance. However,
we now know that possible loss of refrigerant

Environmental considerations can’t be underesti-

reduces cooling performance—and risks com-

mated either. It’s now well known that the escape

pressor damage. It’s the same story with exces-

of refrigerant due to a defective (leaky) or poorly

sive moisture in the air conditioning system (see

maintained (excessive fuel consumption) air con-

also “Why do air conditioning systems need

ditioning system is harmful to the environment.

maintenance?”).
This has prompted the media as well as the
On top of that, the investment costs for air con-

industry and workshops to inform consumers

ditioning service units and tools have come down

about these issues extensively.

significantly over recent years. As a result, it’s
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Comprehensive A /C maintenance is recommended every two years.
What’s involved?
n

The refrigerant is drawn off.

n

The filter-drier is replaced (every two years).

n

Moisture is removed from the system using a vacuum pump.

n

All components are visually inspected, while the connecting and drive elements as well as the
cabling and control elements are also checked.

n

The air conditioning system is refilled with the vehicle manufacturer’s specified quantity of refrigerant.

n

The cabin filter is checked/replaced (once a year or every 15,000 km).

n

A performance and leakage test is carried out on the entire system.

n

The results of the individual test steps are documented.
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How long is an A /C service?

n

A normal air conditioning service generally
takes around an hour.

What does A /C maintenance cost?

n

The cost will depend on the country, region,
and local competition.

If the customer has raised no particular complaints

The workshop also needs to set a competitive

and the air conditioning system is free of defects,

price that takes account of its commercial con-

then a service should take around an hour.

siderations (hourly rate, etc.).
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Why is regular A /C maintenance even more important for
electric and hybrid vehicles?

In these types of vehicles, controlling the tem-

It’s essential that the batteries used are operated

perature of the battery, power electronics, and

within a defined temperature window. Service life

electric motor plays just as important a role as

decreases at operating temperatures of 40°C or

the heating and cooling of the cabin. Electric and

above, while efficiency drops and output is lower

hybrid drives also require air conditioning com-

at temperatures below 0°C. Furthermore, the

ponents—their importance even increases, since

temperature difference between the individual

the air conditioning system often has a direct or

cells must not exceed a particular value. Air con-

indirect influence on the cooling of the batteries

ditioning maintenance is therefore set to play an

and electronics.

even more significant role in the future.
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What’s causing that musty smell in my vehicle?
n

The cause might be an excessively aged cabin filter and/or a clogged evaporator.

The dirt particles captured by the cabin filter react

For further information, please see “Why do air

with the air humidity over time. Odors can also

conditioning systems need regular disinfec-

develop in the event of excessive aging of the

tion?” and “Why does the cabin filter have to be

filter. Bacteria, fungi, and other micro-organisms

replaced ...?”

that settle on the evaporator can cause musty
odors and allergic reactions.
Regular replacement of the cabin filter and regular disinfection of the evaporator can eliminate this
problem or even stop it happening in the first place.
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Why do my windows fog up? How can I prevent this?
n

Fog on windows is nothing more than moisture from the air that settles there.
This can be remedied through targeted use of the air conditioning system.

The air is generally moist at cold and wet times
of the year, and we’re always bringing moisture
into the vehicle cabin on our clothes, wet shoes,
and jackets. This problem is exacerbated by our
breathing. Don’t forget the floor mats! They can
become small “reservoirs” of water and contrib-

This can be done in just a few hand movements:
n

Switch on the air conditioning.

n

Direct the airflow toward the windshield only.

n

Press the air recirculation button (in some
vehicles, this isn’t possible in combination

ute to further fogging.
The air conditioning system dries the cabin air,
thereby defogging windows quickly as well.
Select air recirculation mode initially to speed up
the process even further.

with point 2—continue to point 4).
n

Put the blower and heater on their highest
settings.

(After a short time, switch off the air recirculation
mode and set the blower to the medium setting.)
Caution! In some models from various manufacturers, the climate control system automatically
switches off the air conditioning system when the
outside temperature falls below 4°C.
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Why should I use the A /C system all year round and not just in the summer?
n

To clear fogged windows faster

n

For a healthy cabin climate

n

To ensure the system still works come the spring

Fogged windows pose a safety hazard. When

The air conditioning system should be run for a

operating the heating with the air conditioning

few minutes every week even throughout the win-

system running, the air is not only heated but also

ter to ensure that the air conditioning compres-

dried at the same time (more on this under “Why

sor is always supplied with oil and to prevent the

do my windows fog up”?). This creates a healthier

seals throughout the system from drying out. This

cabin climate.

also helps to avoid nasty surprises when trying to
turn on the air conditioning system in the spring.
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How much extra fuel do A /C systems consume?
n

The additional consumption depends on many factors and can be as much as 10 percent.

The amount of extra fuel consumed varies

conditioning system throughout an entire journey

according to the type of air conditioning system,

consumes more fuel than necessary. Thanks to

the vehicle’s operating condition, the outside

the “postcooling effect,” the air conditioning sys-

temperature, and the driver’s habits. The level of

tem can actually be switched off when there a still

care and maintenance of the air conditioning sys-

a few kilometers left to travel (see also “What’s

tem is also a factor. Developments in automotive

the most effective way to use air conditioning?”).

manufacturing have made great advances here

Poorly serviced or unmaintained systems can also

too. For some air conditioning systems with con-

be a reason for customers stating that their fuel

trolled or self-regulating compressors, full power

consumption has increased. When there’s a lack

is not always required depending on the operat-

of refrigerant, the air conditioning system’s cool-

ing condition. Many A /C systems now feature

ing performance is maintained by the compressor

automatic temperature control or fully automated

running more often and for longer than normal.

control of the temperature and ventilation doors.

It goes without saying that this also increases fuel

These further developments play a significant

consumption. Operating an air conditioning sys-

role in keeping extra fuel use to a minimum. The

tem generally increases fuel consumption by 5 to

additional consumption is somewhat higher in

10 percent. However, this is relative, as we tend

urban traffic than on freeways or cross-country

to put the windows down and open the sun roof

routes. As the outside temperature increases,

when driving a vehicle without air conditioning in

greater cooling performance is required of the

warm weather, which results in almost the same

air conditioning system, which naturally leads to

additional consumption due to higher aerody-

greater fuel consumption as well. Running the air

namic resistance.
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How expensive is it to repair a broken A /C system?
n

Repair costs of a thousand euros are not unusual in the event of a total failure
of the air conditioning system.

Of course, the scale of the repair costs is very

entire unit has to be flushed. Otherwise, it can’t

much dependent on the nature of the defect, the

be guaranteed that there won’t be another failure

vehicle type, and the design of the air condition-

after the first repair.

ing system. For example, when replacing an air
conditioning compressor showing mechanical

Depending on the vehicle type, replacing an

damage, the filter-drier and expansion or throttle

evaporator may involve a considerable amount of

valve also need to be changed.

labor (dismantling the dashboard) and can also
quickly run to a bill of a thousand euros.

To remove all contamination following a mechanical defect in an air conditioning compressor, the
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How can I tell if there’s a problem with my A /C system?
n

Poor cooling performance

n

Increased fuel consumption

n

Noise development

n

Window fogging

n

Odor development

These issues may signal an improperly main-

Windows that are continuously fogging up are

tained or poorly functioning air conditioning sys-

often a sign of a clogged cabin filter (see also

tem. A lack of refrigerant can cause unsatisfac-

“Why do my windows fog up?”).

tory cooling performance (see also “Why do air
conditioning systems need maintenance?”).

Musty smells may originate from bacteria or fungi
that have settled on the evaporator. It’s even pos-

Increased fuel consumption may result from the

sible that an excessively aged cabin filter is the

air conditioning compressor being run too often

cause (see also “Why do air conditioning systems

and for excessively long periods (see also “How

need regular disinfection?” and “Why does the

much extra fuel do air conditioning systems con-

cabin filter have to be replaced ...?”). To avoid

sume?”). Noises that can only be heard when

consequential damage, the air conditioning sys-

the air conditioning system is running are usually

tem should be inspected immediately by a spe-

caused by the compressor or expansion valve.

cialized workshop.
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How does A /C (a closed system)
lose refrigerant?
n

Through hoses and connections for the system

Why can’t a leaky A /C system simply be refilled?
n

components.

Leaked refrigerant is harmful to the
environment.

n

Leaks must be investigated by law.

n

Workshops can be held liable.

A small amount of refrigerant can escape due to

If a workshop suspects that the air conditioning

“natural evaporation” through the air conditioning

system is leaking refrigerant, it can’t simply be

system’s hoses and system components with

topped off. Any newly added refrigerant might

seals. Annually, this can be as much as 10 per-

escape again immediately.

cent of the total quantity.
To protect the environment, the workshop is
The system can’t be completely sealed due to the

required by law to carry out a leakage test first

demands of motor vehicle design (flexible lines,

and then eliminate any defects. The system may

choice of materials).

only be refilled following a successful inspection
and repair (where necessary). Failure to follow this
process is a punishable offence with potentially
serious consequences.
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Is a refrigerant leak inside the vehicle cabin a health hazard?
n

Harm to human health can be virtually ruled out.

Refrigerant escaping into the vehicle cabin is

It’s only in extremely rare situations, such as

highly unlikely to have an adverse effect on

when a vehicle’s air recirculation mode is used

health. If refrigerant gets into the cabin due to a

for a relatively long time and refrigerant escapes

leak (e.g., in the evaporator), this usually happens

all of a sudden, that health problems caused by

slowly. Given the constant exchange of fresh air,

oxygen deficiency can’t be completely ruled out.

the refrigerant concentration (% by volume) in the
vehicle cabin in the event of a leak is generally
classified as low.
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What’s the most effective way to use A /C in the summer?
n

Park in the shade.

n

Before a journey: leave the doors open for a short while.

n

When starting a journey: set the air conditioning system and ventilation to maximum.

n

Drive with the windows down and sun roof open for the first few minutes.

n

The cabin temperature should not fall below 22°C.

On sunny days, park the vehicle in the shade

Using air recirculation mode for a short period of

wherever possible. Otherwise, temperatures

time will accelerate the cooling process. Leaving

within the cabin can reach up to 60°C. To get rid

the windows and/or sun roof open for the first

of the heat that has built up in the vehicle, leave

few minutes of a journey will speed up the air

the doors open for a short while before getting in.

exchange process and therefore cool the cabin
faster. But the creation of disruptive air drafts

To cool the vehicle as quickly as possible, run the

should be avoided. For health reasons, the cabin

air conditioning system at full cooling capacity

temperature should not fall below 22°C.

and adjust the cabin fan to the highest setting.
The airflow doesn’t have to be aimed directly at
the occupants.
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What’s the most effective way to use A /C in the winter?
n

Switch on the air conditioning.

n

Direct the airflow toward the windshield only.

n

Select air recirculation mode (in some vehicles, this isn’t possible in combination with
point 2—continue to point 4).

n

Put the blower and heater on their highest settings.

For warm, dehumidified air and to clear foggy

In most cases, it’s enough to leave the interior

windows as quickly as possible, the air condition-

blower on the medium setting once the fogged

ing system should be turned on before starting

windows have cleared. The air conditioning sys-

a journey, and the airflow directed at the wind-

tem can then be switched off.

shield. Temporarily select air recirculation mode
to prevent additional humid air entering the

Caution! In some models from various manufac-

vehicle cabin. It’s a good idea to run the interior

turers, the climate control system automatically

blower and heating on the highest setting. The air

switches off the air conditioning system when

recirculation mode can be switched off again after

the outside temperature falls below 4°C. Not all

a short while.

vehicles allow air recirculation mode to be used
with the air conditioning system switched on and
the airflow directed toward the windshield.
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How do automotive A /C systems differ from fridges?
n

Mechanically driven compressor

n

Number of connecting elements

n

Flexible hose lines instead of rigid connections

n

Varying operating conditions

Automotive air conditioning systems, like domes-

The lines in a vehicle are much longer, and flexible

tic fridges, work on the principle of a heat pump.

hose lines are used for design reasons. There are

In both cases, a compressor pumps refrigerant

many more connecting elements. Very little refrig-

through a closed system. This extracts heat from

erant is lost from fridges because they remain

the cabin (or fridge) to be cooled and conducts it

in one place, the operating conditions (ambient

outwards. However, while a fridge has an elec-

temperature, air humidity, on and off phases)

trically driven compressor, an automotive air

rarely change, and metal piping is used.

conditioning system is driven mechanically via a
V-belt or ribbed belt (except in electric and hybrid

Owing to the pipe material and the few connect-

vehicles, which also have an electrically driven

ing elements, very little moisture penetrates into

compressor).

the system. This makes it maintenance-free,
although a fridge often contains a drier element

The individual components in a fridge’s cooling
system are close together and usually linked by
means of copper pipes with only a few connecting elements with the potential to become loose.

as well.
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Tip:

The filter-drier/accumulator should be replaced
every two years as well (see also “Why does the

Be on the alert for odors developing in the cabin.

filter-drier have to be replaced?” and “Are there

This can be prevented by regularly disinfecting

exceptions to the two-year replacement interval?”).

the evaporator and ventilation ducts.
Maintenance work or a service should be carried out every two years to thoroughly inspect the
entire air conditioning system. This check covers high- and low-pressure levels, the dash vent
temperature, and the cabin filter, plus any nec-

Tip: Disinfection of the evaporator

essary replacements. Furthermore, all relevant

and ventilation ducts should be

components are inspected. The air conditioning

recommended to the customer

system is refilled with the manufacturer’s speci-

every two years. The longer the

fied quantity of refrigerant, and a contrast agent

disinfection interval, the more

may be added to the system. A leakage test is

difficult it can be to get rid of an

then performed on all components and connect-

established offensive odor later.

ing elements.
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Recommendation
OzonePRO is the professional sanitizing system designed for easy use in
your workshop. Supporting the health of your employees and customers.
n

Simple to use, safe, and 100 percent environmentally friendly

n

Fully automatic

n

For passenger car and truck cabins as well as bus interiors

n

For sanitized workplaces
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Engine cooling

Engine cooling
Why do cooling systems still need antifreeze and additives in the summer?
n

Antifreeze protects against overheating as well as frost.

n

Additives protect against limescale deposits and corrosion.

Coolant is the generic term for the fluid in the

This contributes to a significant boost in the

cooling system. It’s a mixture of water, antifreeze

coolant’s effectiveness, as the average coolant

(glycol), and additives. Apart from protecting the

temperature for modern engines is around 95°C,

engine and cooling system components against

which is just below the boiling point of pure

frost, the coolant’s task is to absorb engine heat

water (100°C).

and release it back into the ambient air via the
radiator.

Additives in the coolant form a protective coating on the metal surfaces of the cooling system

As glycol has a much higher boiling point than

components and prevent limescale deposits

water, using the correct coolant mixing propor-

and corrosion. That’s why the cooling system

tion (see “What’s the right ratio ...?”) at a system

needs plenty of antifreeze and additives, even

pressure of 1 to 2 bar can raise the boiling point

in summer.

to 135°C.
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Why does coolant need to be changed at certain intervals?
n

Additives are subject to a certain degree of wear.

The additives in coolant are subject to a certain

facturers don’t provide any information on the

degree of wear. They are eventually exhausted

replacement interval, while others prescribe a

to the point that they no longer perform as they

change after a certain number of years (3 to 5)

should. If, for example, the corrosion protec-

or kilometers (100,000 to 250,000).

tion additives are used up, the coolant may turn
brown.

In general, the coolant should be changed where
there is contamination (oil, corrosion) and in

The coolant replacement interval is dependent

vehicles not filled with long-life coolants. Under

on a number of factors, including the quality

normal operating conditions, an interval of three

of the coolant, and is usually specified by the

years is advisable.

vehicle manufacturer. However, some manu-
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Engine cooling

What’s the right ratio of water to antifreeze?
n

The optimum mixing proportion of water to antifreeze is 60:40 to 50:50.

The vehicle manufacturer’s guidelines with regard

Increasing the antifreeze proportion even more

to the mixing proportion and coolant specifica-

(e.g., 70%) does not lower the freezing point

tion should always be followed. A typical mixing

any further. On the contrary, undiluted antifreeze

proportion of water to antifreeze would be 60:40

freezes at just –13°C and does not dissipate suf-

to 50:50.

ficient engine heat, so there’s a risk of the engine
overheating.

This usually corresponds to antifreeze protection
from –25°C to –40°C. The minimum mixing proportion should be 70:30 and the maximum 40:60.
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Can tap water be used to top off the coolant?
n

Yes, as long as the hardness level is below 3.9 mmol/L (22°dH).

Tap water can be used to top off and replen-

Demineralized (distilled) water is only necessary

ish the cooling system up to a hardness level of

if the water is very hard or the hardness level is

3.9 mmol/L—which corresponds to a German

above the threshold value.

degree of hardness of 21 (hard water).
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Engine cooling

Can different types of antifreeze be mixed?
n

Never mix different types of antifreeze.

Each antifreeze formulation and its additives are

should never be mixed together due to their

adapted to the materials of the particular engine

incompatibility. Otherwise, serious engine dam-

and cooling system. For example, cast-iron

age could be caused.

engines need different additives than aluminum
engines, while heat exchangers made of nonfer-

However, the new G12+ antifreeze can be used

rous metal require different additives than their

together with G11 or G12, without any concerns.

aluminum counterparts.

Therefore, it’s important to note the vehicle manufacturer’s guidelines with regard to specifica-

In extreme cases, mixing different kinds of anti-

tions and mixing proportions before topping off

freeze can result in considerable damage. G11

and replenishing a cooling system.

and G12 antifreeze from Audi/VW, for instance,
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Do cooling systems require maintenance?
n

Cooling system components and coolant should be checked regularly.

Just like air conditioning systems, cooling sys-

After checking the coolant level, antifreeze con-

tems should be checked regularly. The visible

tent, and degree of purity, it’s also important to

cooling system components (radiator, hoses,

run a performance test on the thermostat, radia-

expansion tank, coolant pump belt) should be

tor fan, and any electric valves.

visually inspected as follows:
Because the coolant additives get used up (see
n

Are the connections tight?

also “Why does coolant need to be changed ...?”),

n

Is the belt sufficiently tensioned?

the coolant should be changed at certain inter-

Or is it damaged?

vals. Given that the cooling and air conditioning

Are the radiator fins clogged

systems influence each other, and their compo-

(with insects or the like)?

nents are often close together, it’s worth checking

Is coolant escaping?

and servicing both systems at the same time.

n

n
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Engine cooling

When might it be necessary to flush the cooling system, and what should
be used for this?
n

In the event of coolant contamination (oil, corrosion), or if scale (lime) and sludge have formed.

n

If the customer complains about excessive engine temperatures or poor heating performance.

If the cooling system is contaminated, the coolant

Depending on the contamination level, the cool-

must be drained and the cooling system flushed.

ing system must be cleaned with warm water or

Contamination may include:

a special flushing solution. Vehicle manufacturers specify what can be used and how flushing
should be performed in individual scenarios.

n

Oil (defective cylinder head gasket)

n

Rust (internal engine corrosion)

n

Aluminum (internal radiator corrosion)

However, the way modern cooling systems are

n

Foreign matter (additives/sealant)

designed (flat tube) means it’s no longer possible

n

Foreign particles (defective coolant pump)

to flush all components sufficiently. Some have to

n

Limescale deposits and sludge

be replaced. This applies to the radiator and heat
exchanger in particular.
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Why shouldn’t sealant be used in cooling systems?

n

Sealant can cause blockages and poor cooling performance in modern cooling systems.

The cross sections of the coolant channels in

always have a cause (defective sealant, corroded

modern cooling systems (flat tube technology)

radiator).

are so small that internal blockages can form
if sealant is used. Parts of the radiator or heat

As in the case of air conditioning systems, sealant

exchanger, for example, can become clogged up.

can only provide a temporary remedy and isn’t a

They’re then no longer able to work as required.

permanent method of repair. There’s still a risk of
the components clogging and causing the entire

This can lead to engine overheating or reduced
heating performance. Leaks in cooling systems

system to fail.
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Timing belts and coolant pumps

Timing belts and coolant pumps
Why isn’t it enough to replace only the timing belt?

n

To avoid engine damage and expensive follow-up repairs

The timing belt transfers the rotation of the crank-

The service life of these components is matched

shaft to the camshaft. The camshaft controls the

to the belt’s service life. The failure of any one of

valves. If the belt breaks or jumps, the pistons can

these components will result in additional damage.

destroy the valves—and with them the engine.
There’s also the risk of a chain reaction, which can
Timing belts are subject to a certain degree of

lead to serious engine damage. All of the compo-

wear and have to be changed at the intervals

nents that need to be replaced are included in

specified by the vehicle manufacturer.

timing belt kits.

Tension, guide, and deflection rollers are used to
keep the timing belt sufficiently tensioned at all
times and under all operating conditions.
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When changing a timing belt, the coolant pump has to be replaced too—
and vice versa. Why is that?
n

To avoid follow-up costs from having to disassemble the belt drive again

n

To prevent vehicle failure

The timing belt not only serves to connect the

The resulting repair work is then very frustrating,

crankshaft and camshaft, but it also drives auxil-

time-consuming, and costly. Often, timing belt

iary components, such as the coolant pump.

components that have already been previously
replaced have to be changed again.

If the coolant pump fails after the timing belt is
changed (leak or bearing damage), the belt drive

That’s why the coolant pump should always be

generally has to be dismantled again, resulting in

replaced when a timing belt is changed. This is

unnecessary costs for the customer.

also what many vehicle manufacturers advise.

Coolant pumps don’t have an unlimited service

The same applies when replacing the coolant

life. If they fail while a vehicle is being operated,

pump. In that case, the timing belt and belt drive

this inevitably leads to the engine overheating and

components should be changed as well.

vehicle failure.
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Timing belts and coolant pumps

What do the components of a V-ribbed belt drive do?

n

Drive the engine’s auxiliary components

The V-ribbed belt (flat belt) is driven by the crank-

When the flat belt and the timing belt are both

shaft pulley. While the engine is running, the belt

changed, all of the flat belt drive components

drives the auxiliary components, such as the

should be checked and replaced if necessary.

steering pump, alternator, and air conditioning

This prevents other components being affected

compressor.

by vibrations, for example, and avoids premature
failure of the components associated with the

It’s guided over rollers so that it operates smoothly
and quietly. A tensioning element in the flat belt
drive ensures the belt tension is maintained under
all operating conditions.

timing belt and V-ribbed belt drive.

45

When changing the timing belt, why does the alternator freewheel clutch
need checking and, if necessary, replacing too?
n

Avoidance of damage to the units and components integrated into the belt drive

n

Reducing vibrations means a quieter engine

In contrast to electric motors, combustion engines

The freewheel clutch is mounted directly on the

don’t have an even rotational motion. The crank-

alternator drive shaft and transmits the power

shaft is constantly accelerated and decelerated

in one direction of rotation only. In this way, it

due to the four-stroke principle.

decouples the alternator from the crankshaft
vibrations. This allows the belt drive to run more

These vibrations are also transmitted to the

smoothly and quietly and extends the service life

accessory drive, which can have a negative effect

of the drive belt.

on the noise behavior and service life of the timing
belt and flat belt. Lots of vehicles these days have
an alternator with an overrunning alternator pulley
(alternator freewheel clutch).
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Charge air coolers

Charge air coolers
What does the charge air cooler do?

n

Cools the hot air compressed by the turbocharger

The charge air cooler cools the hot air com-

At the same time, there is less thermal load on the

pressed by the turbocharger before it enters

engine and emissions are reduced.

the combustion chamber. This brings about an
increase in performance and improves engine
efficiency.
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If the turbocharger suffers a mechanical defect, why must the charge air
cooler always be replaced as well?
n

To avoid consequential issues, including engine damage

In the event of mechanical damage to the tur-

Both can lead to engine damage. To avoid con-

bocharger, metal swarf or oil can accumulate in

sequential damage, the charge air cooler should

the charge air cooler. If only the turbocharger is

always be replaced in such instances as well.

replaced, there’s a risk of swarf or oil getting into
the combustion chamber.
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Charge air coolers

What else is there to bear in mind when replacing the charge air cooler
and turbocharger?
n

Establish why the damage has occurred.

Investigating the cause of any damage is essen-

air intake line, air filter, control and switching

tial when replacing a turbocharger and charge air

valves, vacuum lines, turbocharger oil line inlets

cooler. Otherwise, there’s a risk of another fail-

and outlets. An oil change is also strongly recom-

ure occurring soon. Vehicle manufacturers and

mended.

components manufacturers require the following
additional components to be checked/replaced:
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Further information and troubleshooting tips are available here:

TechTool
n

Combined expertise and photo-realistic
representation

n

Technical brochures on air conditioning
and cooling
n

Over 75 pages each of comprehensive air

Explanation of how air conditioning and

conditioning and cooling know-how for

cooling circuits work, including all relevant

education, training, and workshop support

components
n

Active support during troubleshooting

n

Repairs supported by technical background
knowledge

n

Optimized for all devices
Vehicle cooling

Automotive air conditioning

A compact guide
for the workshop

A compact guide for the workshop

Online filling quantities tool
n

Filling quantities information for refrigerants
and air conditioning compressor oils provides
invaluable technical support in your everyday

MAHLE Insider
n

Monthly newsletter

n

Spotlight on new products (CIS), Technical
Messenger, product highlights

n

Available in the following
languages: DE, EN, ES,
FR, PL, RU, TR

work.
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Notes

Notes
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