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Air conditioning sys’regfﬁs have long ceased to be The design of the refrigerant ciraf% of an

regarded as luxury g%iuipmen’r air conditioner is identical in all ve%cles.

Air conditioners ho\ge become a factor in active Air conditioner refrigerant circuits o%ly vary in

safety, and today cgn almost be considered as respect of how they are adapted to rﬂeef

an integral part of{% vehicle's safety refrigeration requirements. g

specification. ‘ g
In this Self-Study Programme, you wiﬁfqmilicrise

fos
10 years ago, only about 10 percent of yourself with the basic purpose and demgn of an
all newly registeredy avehldes were fitted with an air conditioner.

air conditioning system. By 1996, air conditioners You will learn the functions of the cbmponen’r
were being installed o%s’rendqrd in more than parts in the refrigeration process,: l?he special
one in four newly regls’reged vehicles. characteristics of the refrngeran@ond why air

ﬁ’of conditioners require specncl service

Customer demand for air cd’ﬁidglonlng is rising specifications. &6
continually. Oy :@{}

ponent pg&ﬂ ‘shown in the following SSP
are commg@»z@xmost air conditioners.
ey

Please note that the figures specified

are given by way of example only.
Depending on refrigeration requirements, the
absolute values vary from vehicle to vehicle.

New W Important
Note
b
. _____________________________________________________________________________________________|] ]

The Self-Study Programme  Please always refer to the relevant Service Literature

is not a Workshop Manual!  for all inspection, adjustment and repair instructions.

Service literature.
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The in-car climate

Why air conditioning?

People feel comfortable at a certain ambient — In strong sunlight in particular, the heated
temperature and atmospheric humidity. cabin air can only be exchanged for air with
ambient temperature.
As a component part of active safety, the driver's — In addition, the air temperature usually rises
well-being is a key factor in driving ability. en route from the intake point to the air outlet.
— Opening a window or sliding roof or setting a
The “in-car climate” has a direct bearing on the higher fan speed for greater comfort will
driver, fatigue-free driving and driving safety. usually result in a draught and expose the
occupants to other nuisances such as noise,
A comfortable interior temperature is dependent exhaust gases and pollen.

upon the prevailing ambient temperature and
upon sufficient air flow:

Low ambient temperature, e.g. =20 °C MG Volkswagen
p 9 ¢ geng
. . . o onad® Gagg
=)  Higher interior temperature 28 °C \‘,N\i@’ Comfortcuryes
. . . JU s 53
High air flow rate: 8 kg per min. G e,
. & °c @Ow kg/min
%%?3& &
High ambient temperature, e.g. 40 ° ﬁé‘\“ o 28- '@3? | o
=)  Low interior temperature 23 °€ 3 / %@
& 5
High air flow rate: 10 kg perimin. 3 26- R %
o L0
$ : / E:
Moderate ambient temperatureje.g. 10 °C 5 241 L4 %
-) Low interior ’rempero’rurg?Q'l.S °C 2 / =
. = . = <z
Low air flow rate: 4 kg per min. 2 L2 %
]
Even modern heating and verﬁila’rion systems 20 l o fg
have difficulty maintaining a pleasant climate 20 0% 7 20 ;0 °C 208_043
inside a vehicle at high ombie%f temperatures. Ambient temperature g
Wiy? . A
© High levels of atmospheric humidity put the boﬁ;éy
%% under considerably greater physical strain. <
% s
2 &
9;9 F
&
//(;;; A
Temperatures in a mid-range pdrsj;s)e‘nger car o
where: driving time 1h ”)@'@;&f \g‘\{:?‘?\‘
ambient temperature 30°C %’9,@
sunlight penetration into car X}Gﬁﬁzﬁ,@;@é 0y
with without
Area air conditioning| air conditioning
Head I 23 °C 42 °C
Chest 24°C 40°C
Feet — 28 °C 35°C
208_001




Effects of an unfavourable vehicle interior
temperature on humans

Comfort range
Scientific studies conducted by the WHO (World A
Health Organization) have shown that one's
ability o concentrate and reactions are impaired

Transpiration

i

when under stress.
Heat puts a strain on the body.
The best temperature for the driver is between

20 and 22 °C.

This is equivalent to climatic load A, the "comfort

Strain
N
Ny

range " . —"1

Strong sunlight can increase the interior

temperature by more than 15 °C above the -

208 042

ambient temperature— particularly in the head
area.

This is where the effects of heat are most
dangerous. y
The air conditioner - a system which keeps the dis
temperature at a level comfortable to humans,

The body temperature rises and the heart rat
increases. as well as purifying and dehumidifying the air -—

Heavier perspiration will typically occur, t was created in order to reduce or eliminate

The brain is not receiving enough oxygen. completely such stress.

Also refer to "climatic load range B".
With the help of an air conditioner it is possible

strain to produce at the air outlets a temperature which
is much lower than high outside air

illnesses temperatures.

This is possible both when the vehicle is at a

standstill and when it is in operation.

Climatic loads in range C put an exces
on the body.

Physicians specialising in traffic-relate
refer to this condition as “climatic stres

Studies have shown that an increase in
A technical side-effect of air conditioning is that
the air is dehumidified and cleaned at the same
time. However, this is just as important as the
reduction in temperature.

The pollen filter and activated charcoal filter also

temperature from 25 to 35 °C reduces one 3
sensory perception and powers of reasoni
20%. It has been estimated that this figure is -
equivalent to a blood alcohol concentration of
0.5 millilitres alcohol level.

- a real safety element
In-vehicle air conditioning is
- a functional accessory not only for expensive tastes



Physics of the cooling system

Applied physics

Laws

Many substances are known to exist in three lce — solid
aggregate states.

Take water for example: solid — liquid — vapour. 208 039

The principle of cooling follows this law.

Even in ancient times there was a need for
cooling. One of the first methods used to cool

foodstuffs was to store them in an “icebox"”. Ice — becomes

a liquid when it absorbs

The ice (water in a solid aggregate state) heat

absorbs the heat of the foodstuffs, thereby
cooling them down.

208_040

The ice melts as a result, assuming another

aggregate state, namely that of a liquid (water).

If the water is heated further, it will boil and

evaporate.

The water is now in the gaseous state. a gas when'i

The gaseous substance can be converted back to
a liquid by cooling it and will become @

208 041

again if cooled further.
This principle is applicable to almost all

substances:

— A substance absorbs heat when it is conver-
ted from a liquid to a gas. ¢

Law

— A substance gives off heat when::i;t is conver-
ted from a gas to a liquid.

— Heat always flows from the warmer substance

to the colder substance. FreezingCgpint

eg. wa’ré‘f"*)ecomes ice
Boiling ¢
e.g. water-becomes steam

Air conditioners utilise the effects of heat

exchange, a process in which a substance
changes state at certain points.

absorbs heat



Pressure and boiling point

If the pressure is changed using a liquid, the
boiling point changes.
All liquids behave similarly.

100 °C
380 - 400 °C

Boiling point  HyO/water =

Machine oil

The lower the pressure, the lower the
temperature at which water boils (evaporates).

Vapour pressure curve

H,O

1,7 17

L5 / 15

1,3 13

1,1
Liquid /,
0,9
/
0,7 /

Pressure ——p \Pa

0,5
Gasedus
0,3 /
) /'
L
0,1

We can draw the following conclusions from the va
pressure curve for the two refrigerants R134a and R1

(R12 is no longer used) and water:

— At a constant pressure, the vapours become a liquid
through temperature reduction (in the air conditioner
circuit, this process takes place in the condenser =

liquefier),

The evaporation process is also used in vehicle

air conditioners.

A substance with a low boiling point is used for

this purpose.

This substance is known as a refrigerant.

Boiling point  Refrigerant R12 -29.8 °C
Refrigerant R134a —26.5°C

(The boiling points specified for liquids in the
table always refer to an atmospheric pressure of
0.1 MPa = 1bar.)

Vapour pressure curve

R134a s R12
4,0 /l 40
3,5 35

30

Pressure

40 20 O 20 40 B0
Temperature — °C

208 005




The refrigerant

The refrigerant with a low boiling point used
for vehicle air conditioners is a gas.

As a gas, it is invisible.
As a vapour and as a liquid, it is colourless like

water.

Refrigerants may not be combined with each
other. Only the refrigerant specified for the
system in question may be used.

With regard to vehicle air conditioners, the sale
and filling of refrigerant R12 were banned in
Germany with effect from 1995 and July 1998

respectively.

In current automotive air conditioners, only
refrigerant R134a is used.

— R134a - a fluorocarbon contains no chlorine
atoms - unlike refrigerant R12 - which cause
depletion of the ozone layer in the earth's
atmosphere when they split.

— The vapour pressure curves of R134a

are very similar. 3
R134a has the same refrigeration capacity as

R12.

It is possible to adapt air conditioners which
now may no longer be filleoE::Ni‘rh R12 to R134a
with a special conversion kit

(Retrofit method). 5

The systems converted in this way are no lon-

ger able to match their original refrigeration

capacity.

Depending on the pressure and temperature
conditions in the refrigerant circuit, th
refrigerant will either be a gas or a liqu

Refrigerant R12 - Dichlordifluormethane
chem. formula CCl,F,

a chlorinated hydrocarbon (CFC)
harmful to the environment!

Refrigerant R134a — Tetrafluorethane
chem. formula CHoF-CF3

a fluorocarbon (FC)
environmentally friendly!

Ordinance banning halogens

Gy,
@/@}f
R134a

%

jts

5
16 ’“fg‘
<3
5 14 T o]
= Liquid 5
" Expahsion 2
10 ]
[l

2

& g

S A Eva §“&

: 3020 410 0 10 20 30 40 50 .80 70
~ Temperature _‘o@oc
of
ve of R134a
208 050



State of refrigerant R134a The energy content is a key factor in the design
in the cycle in an air conditioner of an air conditioner.

It shows what energy is required (evaporator
In addition to the vapour pressure curve, the heat, condenser heat) to achieve the intended
cycle shows the change of state of the refrigerant refrigeration capacity.
under pressure and temperature in addition fo
the energy balance at which the refrigerant Physical data of R134a:
returns to its original state.
The diagram is an excerpt from the state Boiling point: -26.5 °C
diagram of refrigerant R134a for a vehicle air Freezing point: -101.6 °C
conditioner. Critical temperature: 100.6 °C
Different absolute values are possible in Critical pressure: 4.056 MPa
dependence upon the demand of a vehicle type (40.56 bar)

for refrigeration capacity.

Temperature curve Critical point Temperature curve

Saturated liquid (pressure/temperature) Saturated vapour

4,0

2,0

1,6

1,0 /_
0,8 |

06 20
/
10

0,4

Pressure ——m— MPa

Pressure ———pm= bar

/
0,3 “"; %
%
/ / %
0,2 - kN
200 240 R 280 320 360 400 440 fé
B &
IS Energy content [ kilkg | ——— I8
& 208 0.
g A
= 5
A B Compression in the compressor, pressure and temperature rise, F
gaseous, high pressure, high temperature 8
B C Condensation process in the condenser, high pressure, temperature reduction, i
B 3
the liquid feaves the condenser slightly cooled £
C D Expansion = sudden pressure relief, results in evaporation &
) 3
D A Evaporation process (heat absorption) in the evaporator. &
.o i s
Transition path from vapour state to gaseous state (low pressure) &
& 5
2 &
% 5
_— Temperature curve d’r@:&oin’r B 7
P s, For a glossgt;y*refer to page 72.
(J/?'G,Q . %\Q:\‘
o) . ,ﬂ%\ﬁi“
ﬂm@% 02 St 9

gy U



The refrigerant

Refrigerants and ozone layer

Ozone protects the earth's surface against

UV radiation by absorbing a large proportion of
these rays.

UV rays split ozone (O3) into an oxygen
molecule (O5) and in an oxygen atom (O).
Oxygen atoms and oxygen molecules from other
reactions combine again to form ozone.

This process takes place in the ozonosphere, a
part of the stratosphere at an altitude of between
20 and 50 km.

TROPOSPHARE
Like R12, chlorine (Cl) is a constituent of a CFC

refrigerant .
If handled improperly, the R12 molecule will rise
up to the ozone layer— since it is lighter than air—.

FCKW
,f\l\\ «. . Global warming

AL

UV radiation liberates a chlorine atom in the
CFC, and this atom reacts with the ozone.

In the process, the ozone decomposes leaving an
oxygen molecule (O5) and chlorine monoxide
(CIO), which then reacts again with oxygen and
liberates chlorine (Cl). This cycle can repeat itself
as many as 100,000 times.

208 _051

Reaction between CFC and

ozone in the atmosphere
ﬁz\}\{} Volksw di}‘wzg,‘ic« (CFC = FCKW)

Ef}

However, free oxygen molecules (02) cann wnot” .
absorb UV radiation. Ac@‘:f‘ﬁ\i ‘o

Refrigerants and global waﬂ‘hmg
<:>

The sunlight impinging upon the earth's surface
is reflected in the form&jgf infrared radiation.
However, trace goses*— most importantly CO, —
reflect these waves m ' the troposphere.
This causes the eor’rl@'s atmosphere to heat up,—
phenomenon whlch is commonly referred to as
"global warming' €FCS are heavily responsible
for the increasing fgcce gas concentration.

1kg of R12 has f[’:ne same greenhouse effect
as 4000 tons of QOQ

0*53‘

i

R134a only makes a@mo” contribution

: 2, N
to global warming. s, & 208 052
lts ozone depletion potéen hol is nil. S

,a:f“

10 s,




Refrigerant oil

Compressor

A special oil — the refrigerant oil — free of
impurities such as sulphur, wax and moisture is
required to lubricate all the movable parts in the
air conditioner.

The refrigerant oil must be compatible with the
refrigerant itself, because some of the refrigerant
oil mixes with the refrigerant in the refrigerant
circuit. In addition, the refrigerant oil must not

attack the seals used in the system. Condenser Suction hose
No other oils may be used, as they lead to Fluid container Evaporator

copper plating, the build-up of carbon deposits
and the formation of residues which can cause
premature wear and irreparable damage to
movable parts.

Distribution of oil quantity in the refrigerant circuit
(roughly)
The filling quantity of refrigerant varies according to

the desi f th it di ticular + f
A special synthetic oil is used for the R134a © design ot ihe unifs used In @ particuiar ype

. L . ehicle.
refrigerant circuit. This oil may only be used for ven
this particular refrigerant, since it does not mix
with other refrigerants.
Also, the refrigerant oil can only be adapted to a
specific compressor type.
The refrigerant for R134a agen G- Volkswagen 4

{)\\‘33 Q@&‘
é‘\}*\g %‘i&z
. 2,
Designation: PAG = Polyqlkylerlg\cg“ﬁcol &*‘?ﬁr&
- & 659 Imporfqni notes:
roperties: S f'
P gx

Do not store in the open hlghly hygroscopic).

‘Z‘
- high solubility |n§omb|nc’r|on with Always keep oil tanks closed@ protect them

refrigerant § against the ingress of molsfure‘«Close opened
- good |UbrIC01‘§n properties drums immediately. g
- acid free (5 — Do not use old refrigerant. S
- highly hygrogcopic (water-attracting) - Dispose of as toxic waste. i}%
- cannot be mixed with other oils Refrigerant may not be disposed %f together
g} with engine oil or gear oll becaus@ of its che-
N.B.: %fé mical properties. {§§
EY =
- must not in b%used in older refrigeration g
systems % §
filled with refrlg%rom‘ R12, §\
since it is mcomp@hble with R12 &

%,
%
t;?*

1l
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The cooling system

The principle of the refrigerant circuit

The cooling process and the technical conditi-
ons

We know that:

Too cool down an object, heat must be given off.
A compression refrigeration system is used in
motor vehicles for this purpose. A refrigerant
circulates in the closed circuit, continually
alternating changing from a liquid to a gas and
vice versa. The refrigerant is:

— compressed in the gaseous state,

— condensed through heat dissipation

— and evaporated through pressure reduction
and heat absorption.

Cool air is not produced, heat is
extracted from the air flow in the vehicle.

o

Low-pressure side

ol

High-pressure side

How does ihis process WOI‘k ? :E
jagen A S a‘”f‘%{*?cz’o
Y S

e
S
q NS

¥ 208 071
The comﬁ?essor induces cold, gaseous
refrigerdnt at a low pressure.

The regigeran’r is compressed in the
compgessor, causing it to heat up.
The refrigerant is pumped into the circuit on
the high-pressure side.

o

In this phase, the refrigerant
is in a gaseous state,
. has a high pressure and
* a high temperature.

Cooling air




=

i

208 073

The compressed liquid refrigerant continues to

flow up to a narrowing. This narrowing can be in
the form of a restrictor or an expansion valve.
Once the refrigerant reaches the narrowing, it is
injected into the evaporator causing its pressure
to drop (low-pressure side).

Valve

Cooled fresh air

Inside the evaporator, the injected liquid
refrigerant expands and evaporates. The

‘ evaporation heat required for this purpose is
extracted from warm fresh air which cools down
when it passes through the evaporator fins.
The temperature inside the vehicle is reduced to
a pleasant level.

X In this phase, the refrigerant

is in a vapour state,
under low pressure and
208_004 at low temperature.

Evaporator

\ Warm fresh air

208 072 208_074

Now in the gaseous state again, the refrigerant
ser (liquefier). emerges from the evaporator.
now extracted from the compressed, hot i i -drawn in by the compressor
and passes through the cycle once again.
Thus, the circuit is close

In this phase, the refrigerant se, the refrigerant
is therefore is again
in a liquid state, >Us,

a high pressure low pressure

a medium temperature. nd a low temperature.

13



The cooling system

Refrigerant circuit with expansion valve

Working pressure HD = High-pressure
ND = Low pressure

L_ In technical documents such as Workshop

G
A ‘ A Manuals, the components are represented in a

diagrammatic form.

ND

j pu—p

HHI HD
- \Y | LTP

@ Yy L A

e
I:Z
UIU

N VN

N
)
!

B

The refrigerant circuit is activated
when the vehicle engine is
running. For this purpose, the
compressor has a magnetic

clutch.

1 MPa =10 bar
The absolute values are
always vehiclespecific.

Please observe the
Workshop Manual.

Pressu

Condensation

temperature in” Pressure approx. 1.4 MPa (14 bar)

the circuit

k TemperotUI:;c:pprox. 65 °C Temperature reduction: 10 °C
14 (example)



Legend The components:

- High pressure A Compressor with magnetic clutch
B Condenser
I:I Low pressure C Fluid container with drier

D High-pressure switch

E High-pressure service connection
F Expansion valve

G Evaporator

H Low-pressure service connection
| Damper (vehicle-specific)

The refrigerant circuit may not be
opened for safety reasons.

If it is necessary to open the
refrigerant circuit in order to
perform repair work on the
vehicle, the refrigerant must be
drawn off beforehand using a
suitable service station.

v/ &8 p Volkswagen AGy

O@S"”’C};

\@Q@@
U

@0,&

U

%

Thega'efrlgemhon capacity of a vehicle air The preésgres and temperatures in the circuit are
co‘iﬁdn‘loner is dependent upon the car-specific always dependent on momentary operating

c[ﬁs’rqllc’non conditions and the vehicle category state. The sﬁ‘%cified values are intended as a
rough guidel%e only. They are reached after

20 min. atan gpbienf temperature of 20 °C and
The components A to H exist in every circuit. at engine speeds of between 1500 and 2000
Additional connections can be provided for rpm. 3

<
service work, temperature sensors, pressure @
switches in the high- and low-pressure circuit and At 20 °C and when the engine is at a standstill, a

oil drain screws depending on the circuit design pressure of 0.47 MPa (4.7 bar) will build up
* and requirements. The layout of components inside the refr;,%eron’r circuit.
5

<a/vn‘h|n the circuit also differs from one vehicle Ft
%Vpe to another. The components of the refrigerant circuit with

Soagne systems have a damper before the expansior@alve will now be examined more
com‘@ressor in order to dampen refrigerant closely@r details of the refrigerant circuit with

resfr@%r refer to page 28).

Expansion Evaporation 208 033
from approx. 1.4 MPa (14 bar) to approx. 0.12 MPa  Pressure: approx. 0.12 MPa (1.2 bar)
(1.2 bar), Temperature: from approx. 55 °C to =7 °C  Temperature: approx. —7 °C 5

208 031

g(passenger cars, vans).

2% w;pgﬁie& e 0w,




The cooling system

e

R

Vf}(}!r&

A\ pUIPOSES, nparn oy, )

m@\; T a
o C»O{‘(‘h
S5
i

16

Q‘}

2 .
g The compression process
&3

The compressor

The compressors used in vehicle air conditioners
are oil-lubricated displacement compressors.
They operate only when the air conditioner is
switched on, and this is controlled by means of a

magnetic clutch.

The compressor increases the pressure of the
refrigerant. The temperature of the refrigerant
rises at the same time.

Were there to be no pressure increase, it would
not be possible for the refrigerant in the air

conditioner to expand and therefore cool down
subsequently. 208 028

A special refrigerant oil is used for lubricating
the compressor. About half of it remains in the
compressor while the other half is circulated with
the refrigerant. + Volkswage

A pressure %@W&gﬁé, whic ”ﬁﬁ%@:@l;lx@
aﬁach%d,a‘%f@ the compressor, protects the sysgf@]@z}.
aggﬂﬁ%’r excessively high pressures. G

The compressor draws in cold, gaseous
refrigerant through the evaporator under low

pressure .

It is "vital" for the compressor that the
refrigerant be in a gaseous state, because liquid
refrigerant cannot be compressed and would
destroy the compressor (in much the same way
as a water shock can damage an engine).

The compressor compresses the refrigerant and
forces it towards the condenser as a hot gas on
g
ﬁm%,high—pressure side of refrigerant circuit.

T

xo&ﬁ

208 045
Gps,, PTG
The compressor therefore representsithe
interface between the low-pressure and high-
pressure sides of the refrigerant circuit.



Mode of operation of compressor

Compressors for air conditioners operate
according to various principles:

Reciprocating compressors
Coiled tube compressors
Vane-cell compressors

- Wobbleplate compressors

Wobbleplate compressors will now be examined
in more detail.

The turning motion of the input shaft is converted
to an axial motion (= piston stroke) by means of
the wobbleplate.

Depending on compressor type, between 3 and

10 pistons can be cen’rred{ g(ggn@,ﬂgggj%%fghoff.

A suction/pressure valve is assigned to each 988 1oy

. SN
piston. I

These vqléy‘jé‘%; open/close automatically in rhythm
with ’rl:ge%/orking stroke.
An gf% conditioner is rated for the max. speed of
’rhgi?compressor.
@owever, the compressor output is dependent on
géngine rem.
< Compressor rpm differences of between O and
6000 rpm can occur.
This affects evaporator filling as well as
the cooling capacity of the air conditioner.
Controlled-output compressors with a variable
~ displacement were developed in order to adapt
~ compressor output to different engine speeds,
%;;;qmbienf temperatures or driver-selected interior

s, npart orjy,

;{QG?&C

ey

temperatures.
e

k@)
)
y{\(!}
%,

Com%@ggsor output is adapted by adjusting the

208 027

Suction/

Input shaft pressure
ﬁ‘@,«?/ Wobbleplate valve
R
K3 .
e, Piston

K
Wob%p|ofe compressor (non-self-regulating)
Angle ocffﬁy/\(obbleplqte constant

Displqcem%,gf constant
Z

z 208_046
angle of the wobbleplate. -
5.
5, %@;@;'
P 3
In cons’rcn’r—dlspfciée}(ggm compressor o™ Piston Wobbleplate

f

compressor output |s§§”&§‘ked o the demaifid for
refrigeration by switching the compressor on and
off periodically via the magnetic clutch.

Wobbleplate compressor (self-regulating)
Angle of wobbleplate variable
Displacement variable

17
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The cooling system

The self-regulating compressor
runs continously in air condition mode

Control range of compressor

=) All control positions between upper stop (100 %)

and the lower stop (approx. 5 %) are adapted to the required delivery rate
by altering the chamber pressure.

The compressor is on continuous duty during the control cycle!

Calibrated

restrictor bore

Regulating valve Wobbleplate Slide rail

Input shaft

208_047

Piston Drive hub

The turning motion of the input shaft is Chumbqﬁ pressure —is dependent upon the

{;rransmiﬁed to the drive hub and converted to high and low pressures acting upon the

"é%(ial motion of the piston via the wobbleplate. regulgﬁhg valve and by the calibrated restrictor

Th%;gwobbleplo’re is located longitudinally in a bog\g?
F

slide rail. e
) &

Y, \@\f,%»‘“‘ High pressure, low pressure and chamber
The piston éfﬁ%@cnd the delivery rate are \\\Qgﬁ\@} pressure are equal when the air conditioner is
defined by the incﬁ%‘?ﬁﬁe@ of the wobblepla e off.

The springs before and after the wobbleplate set

Inclination — dependent on the chamber it to a delivery rate of about 40%.
pressure and hence the pressure conditions at The advantage of output control is
the base and top of the piston. that it eliminates compressor cut-in shock, which
The inclination is supported by springs located often manifests itself in a jolt while driving.

before and after the wobbleplate.



High delivery rate for high cooling capacity - low chamber pressure

Regulating valve Bellows 2  Bellows 1

Restrictor bore

208 048
Spring 1

High pressure

ing upon the upper sides of the
— Bellows 2 is compressed by the high pressuj iston the force of spring 1is greater than
i he combined force resulting from the cham-
— Bellows 1is also compres ber pressure acting upon the lower sides of
high low pressure. the piston and the force of spring 2.
— Regulating valve opens. Chamber pressure is =) Inclination of wobbleplate
reduced via the low-pressure side. increases

= large stroke with high delivery rate

19



The cooling system
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Low delivery rate and low cooling capacity - high chamber pressure

Regulating valve  Bellows 2 Bellows 1

=

Restrictor bore

e
‘%Mm

Spring 1 208 049

- High pressure

— The combined force resulting from the low
pressure acting upon the upper side of the
iston and the force of spring is greater than
the combined force resulting from the cham-
ber pressure acting upon the lower sides of

The high and

w pressures are relatively low.

— Bellows 1 also opens out as a

relatively low pressure. the piston plus the force of spring 2.
— Regulating valve closes. =) Inclination of wobbleplate
The low-pressure side is closed against the decreases
chamber pressure. = small stroke with low delivery rate.

— Chamber pressure rises via the calibrated
restrictor bore.



Magnetic clutch Schematic diagram of clutch switched off

A

The drivetrain is connected between the Belt pulley with bearing
compressor and vehicle engine while the engine

is running by means of the magnetic clutch.

Desi
estgn Compressor

Input shaft
The clutch comprises P

— Belt pulley with bearing
— Spring plate with hub

— Magnetic coil

The hub of the spring plate is permanently
mounted the compressor input shaft. The belt

Compressor
pulley is mounted in a P bearing on the - housing,
housing of the compressor at the shaft output. Magpnetic coil
The magnetic coil is permanently connected to 208_002

the compressor housing. There is an open space

“A‘ between the spring plate and the belt pulley.

Function Schematic diagram of clutch switched on

The vehicle engine drives the belt pulley (Arrow)
by means of the ribbed V-belt.

The belt pulley follows on freely when the
compressor is switched off.

When the compressor is connected, voltage is

present at the mcgne’ric‘c“‘k' . A magnetic force

field is created. This force freld draws the spring Force flow
plate towards the rotating belf
space “A" is bridged) and makes
connection between the belt pulley an

shaft of the compressor.

The compressor runs on.

The compressor runs on until the electrical circuit

to the magnetic coil is opened.
The spring plate is then retracted by the belt T
pulley by means of springs.

The belt pulley again runs without driving the
compressor shaft.

208_003

For compressor switch-on and switch-off
conditions— refer to Air conditioning

@ function control.
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The cooling system

The condenser

The condenser is the “cooler” of the air
conditioner.

Design of condenser

The condenser comprises a tube coil which is
securely aftached to fins creating a large cooling
surface which facilitates heat transfer.

The condenser cooled by the cooling fan after
the air conditioner is switched on in order to

ensure that the refrigerant is circulated. The .
AG. Volkswager, AGT 208_023
57

. . et
condenser is always installed upstream o\if()a@he'@} s

cooler. {%@&3\%
This increases the efficiency of jjgﬁ“%ondenser.
R

Heat is exchanged in fhevgﬁ%denser through air
cooling. The air is cooleg\%y the headwind and
by the cooling fan — q@%uxiliary fan may still be
in use depending on fype. The fan usually starts
up when the air conditioner is switched on. This is

o

not the case if pressure sender G65 is fitted; in %Ambient air,
& . , e
this case, fan switch-on will then be delayed until ‘heated
s L
a specific pressure'is reached. =
oy . 5 . )
Impurities in the condenser reduce air flow and & ‘
can also impair cor%%ienser capacity and engine #

cooling. 5
Hot,

©
f
< gaseous

ser
2

o
&
Hot, gaseous refrigerant coming from the
compressor at a fempera?@gg of approx. 50 -
4
70 °C is injected into the compressor.

Function of conden
refrigerant

[ e 5
The tubes and fins of the condenser absorb i ‘ : Liquid
heat. ot y a - N refrigerant
o BET
Cool ambient air is ducted over the conggﬁiﬁp;d gy et

absorbing heat in the process and thereby 208_024
cooling down the refrigerant.

When the refrigerant cools down, it condenses
at a specific temperature and pressure and
becomes a liquid. At the bottom of the

. The condenser is often referred to as
compressor, the refrigerant emerges from the

“liquefier” in regard to its working

condenser as a liquid.
i method.




The fluid container and drier

In the refrigerant circuit with expansion valve, the
fluid container serves as a refrigerant expansion
tank and reservoir.

Different amounts of refrigerant are pumped
through the circuit when operating conditions
such as the thermal load on the evaporator and
condenser and compressor rpm are variable.

The fluid container is integrated in the circuit in
order to compensate for these fluctuations.

The drier binds chemically moisture which has
entered the refrigerant circuit during ins’rollq’rior{]\;&@@w
The drier can absorb between 6 and 12 g qugﬂ“ﬁ‘@
water, depending on type. The amount ogﬁafer
that can be absorbed is ’rempero’rure-%éﬁenden’r.
The amount of water absorbed increﬁes as the
temperature drops. Abraded mo’reg%%l from the

compressor, dirt arising from installation work
&

()

and similar is also deposited.

Function

N part Oriny,

The liquid refrigerant coming fr@m the condenser
enters the container at the side. The refrigerant is
collected in the container, then i%}flows through
the drier and along the riser to f% expansion
valve in an uninterrupted flow cor‘%’;}gining no

bubbles. K

The fluid container is replaced every
time the refrigerant circuit is opened.
The fluid container must be kept closed
as long as possible prior to installation
in order to minimise absorption of
moisture from the ambient air in the
drier.

208 026

agen alVolkswagen &

joEe

23T

e
1085301081100 W OWTT

208_025

From

Filter

condenser strainer
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The cooling system

Expansion valve

The expansion valve is the point where the
refrigerant in the evaporator expands and cools
down. It forms the interface between the high-
pressure side and low-pressure side of the
refrigerant circuit.

The expansion valve is used to regulate the
refrigerant flow to the evaporator — in
dependence upon the temperature of the
refrigerant vapour at the evaporator outlet.—

No more refrigerant than is necessary to
maintain a steady “refrigerating climate” in the
evaporator is expanded in the evaporator.

The closed control loop

The refrigerant flow is controlled by 1h§z
expansion valve in dependence Up%ﬁ?":‘
temperature. :‘f’

&
o

— When the temperature of ’rh%’;‘refrigeron’r
leaving the evaporator rises?‘rhe refrigerant in
the thermostat expands. The flow rate of the
refrigerant to the evqporc’rér at the globe

b

valve increases. -
G
8
— When the temperature of ’r%e refrigerant
leaving the evaporator droé%, the refrigerant
volume in the thermostat decreases. The flow
rate to the evaporator at the &’Iﬁpbe valve is
reduced. N
’“&3&
%,
There are three forces at play in the thérmostatic
expansion valve: %953
s,
1. The pressure in the sensor line is dependent
on the temperature of the superheated
refrigerant. This pressures acts upon the
membrane as an opening force (Pgy).

2. The evaporator pressure (Pg,) acts upon
the membrane in the opposite direction.

3. The pressure exerted by the regulating
spring (Pge) acts in the same direction as the
evaporator pressure.

To compressor (low

pressure)

From condenser
(high pressure)

208 022

qagen G- Volkswagen 4y o

S
3;;0;
gy
iy
}y@
. . e
Thermostat with sensor line "3
g
. 5
and refrigerant O
%
>,
@

%

o
Fir,

%
A
%
Membranes P %

Sa %

[
From evaporator
(low pressure)

5
&
O3
b
‘E:;(
5
g
3
&

o
To evdaporator

N:.:,;»V
(|o%$ressure)

PFe

! 53,
%

&

Globe valve

@’?35??@,;

Reg ucro’ring springbg% 208_015

The expansion valves are set.

Their settings may not be altered.

Do not bend the sensor line, because it
is filled with a special gas.



Expansion valve — new generation

This expansion valve is also positioned between
the high-pressure side and low-pressure side of
the refrigerant circuit directly upstream of the
evaporator.

To compressor Evaporator outlet

(low pressure) (low pressure)

Membranes

Thermal head with
special gas filling

Pressure-equalising

hole To evaporator

(low pressure)

b

From condenser

(high pressure)

208 017

Regulating spring Globe valve

The expansion valve is always fitted with thermal

ey, S
&z 58
4 10 55911001100 0 onee®

The expansion valve is heat-controlled. It%qs a

control unit with a thermal head and a glo@g insulation. N

- N
valve. 2, &

. 5 &
The thermal head on one side of the membrane s
. ol . . W
has a special gas filling. The other side is 025:;;3, &
O

connected to the evaporator outlet (low pressure)
via pressure-equalising holes.

The globe valve is push rod actuated.

The pressure of the special gas, and therefore
also the amount of refrigerant injected, is
dependent upon the temperature on the low-
pressure side.

. o
Mg . e

Fitting the valve withoUt thermal
insulation will alter the set control
characteristic.

25
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The cooling system

208 018

1ses the
outlet
ing in

Q\Y\

208_019

208_020

The valve opening ratio is dependent upon the
temperature at the evaporator outlet (low
pressure).

Pressure equalisation is controlled.



The evaporator

The evaporator operates according to the same
principle as a heat exchanger.

It is an integral part of the air conditioner in the
heater box. When the air conditioner is switched
on, heat is extracted from the air which flows
through the fins of the cold evaporator. This air is
cooled, dried and cleaned in the process.

Refrigerant return

line (gaseous state)

Refrigerant supply
line (vapour state)

Tubular evaporator

Function

The refrigerant released by the expansion valve
expands in the evaporator, cooling the &
evaporator down considerably.

The refrigerant becomes a gas (boiling point).

When the refrigerant in the evaporato

temperatures are well below the freezing point
of water.

The refrigerant extracts the heat required fi
evaporation from its surroundings — which
air flowing through the evaporator in this cas

This air is channeled into the passenger cabin in
a “cooled" state.

208_029

208.030

Moisture in the cooled air collects at the
evaporator in the places where the air
temperature drops below the dewpoint
temperature, i.e. it condenses. Condensation
water is produced.

The air is ‘dried".

This improves the climate and air quality inside

the vehicle noticeably.
Deposits of matter suspended in the air build up
at the evaporator in addition to moisture.
The evaporator also "purifies" the air.

Pools of water bels
vehicle (conde not

ication of

27



The cooling system

Refrigerant circuit with restrictor

| H G F Working pressure HD = high pressure
ND = low pressure

Schematic diagram of a refrigerant circuit with
restrictor

208_034

1 MPa =10 bar

Pressures and
temperatures

in the circuit Ty
@"’“féy

Compression ratio G%%@mw
Max. pressure 2 MPa (20 bar) Slouy
28 Max. temperature 70 °C

I\ﬁé‘i‘if(gi}%\;'e’ssure 2 MPa (20 bar)

Temperature reduction: approx. 10 °C



Legend The component parts:

- High pressure A Compressor with magnetic clutch
B Low-pressure switch
I:I Low pressure C Condenser
D High pressure service connection
E Restrictor
F Evaporator
G Low-pressure switch
H Low-pressure service connection
| Collecting tank
F
208 007
3\%»&2&?‘“% G kgwagf“}m{\m o
. ,@6\3\% f“@{“&fﬂ
In contrast to the circuit with expansion vqlve@gﬂ’gfg All other components are iden’ricg{i%@)’rhose used
liquid refrigerant is injected into the evop@‘?a’ror in the circuit with expansion valve. &Cﬁ%
through a restrictor. Ng‘ﬁ 233&/
f Additional connections for service work or %}
In restrictor-regulated air condlflorké?s a sensors for monitoring functions can be %3»
collecting tank is fitted at the low- gressure side in integrated in the circuit, depending on circuit %
place of the fluid container on ’rhéé high-pressure design and necessity. ]
side. fg %
g The pressures and temperatures are dependent ?E
This collecting tank serves as a reservoir and upon the momentary operating state of the e
protects the compressor (fluid sﬁock) Also refer refrigerant circuit. The specified values are %i
to page 31. 2; achieved after a specific period depending on &
% the ambient temperature (refer to Workshop f‘
E Manual). g
O *"o%y @ oF
Expansion 1%4% Evaporation %%\’0{3 208 033
from 2 MPa (20 bar) to > 0.15 MPa (1.5 bar) ‘f“’f?éyg&f Max. pressure > C MPa (1.5 E)qﬁ)f'\“
Temperature: from 60 °C to > -4 °C {}%a@gﬁ%qture: >-4 S et pe®!
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The cooling system

The restrictor

The restrictor is a narrowing in the refrigerant
circuit located directly upstream of the
evaporator. This narrowing “restricts” the flow of
the refrigerant.

The refrigerant is warm under high pressure
upstream of the restrictor.

The pressure of the refrigerant drops rapidily
when it passes the restrictor.

The refrigerant is cold at low pressure.

The restrictor is therefore the “interface” between
the high-pressure and low-pressure sides of the
refrigerant circuit. A seal ensures that the
refrigerant only passes the restrictor at the

narrowing.

Tasks

— To determine the flow rate of the refrigerant
by means of a calibrated bore. The amount of
refrigerant which can flow through this bore is
limited by the pressure in the refrigerant

e

e Qﬁ\’i\\i
&
)

— To maintain the pressure orlég'gfh‘g high-pressure
side of the refrigerant cir;gﬁ?’r and keep the
refrigerant in a liquid gif%’re when the
compressor is runnirlcg‘{::

E\:‘C}

— The pressure in 1h§res’rricfor drops. The

refrigerant cools down before it enters the

evaporator ’rhro@gh partial evaporation.
'~

circuit.

— Atomisation of ’rif{e refrigerant.
@
&

&
The restrictor has a‘aiplir'r strainer upstream of the

(8

narrowing. =

A strainer for atomising the refrigerant before it
< .

reaches the evaporater is located downstream

[

the narrowing. %

o

30 05,
{;‘{}G

3{%@“;\@&{{3 SR

208_035

Strainer for atomising the

refrigerant

Calibrated bore

To evaporator

Dirt strainer

O-ring; s%qu the high-pressure
side off frorﬁ%@

e low-pressure
. )w
side “y

< 208 016

s

. -
Please note the installation‘position!
The arrow on the restrictor é@in’rs to the
&

evaporator. o
<

o
Q

&

ke

s:;

5

F

&
i
g
3
S
&
8
o
&
3
()
§&7
S
SN
. ™
R ae BN




The collecting tank

There is a collecting tank in the low-pressure part
of air conditioners with restrictor. This tank is
installed in a warm location in the engine
compartment (post-evaporation).

It serves as an equalising vessel and reservoir for
the refrigerant and refrigerant oil and also

protects the compressor.

The gaseous refrigerant coming from the

evaporator enters the tank. If there are traces of 208 036
moisture in the refrigerant, they are bound in the -

integrated drier.

The refrigerant collects in the upper part of the
plastic cap and is certain to be in a gaseous state

when it is drawn in by the compressor through
the U-tube. Intake point for gaseous refrigerant

. Plastic cap
As a result, the compressor draws in gaseous

refrigerant only, and no liquid droplets.
Protection of the compressor against damage is
thereby ensured.

The refrigerant collects at the base of the
,;\E\;g{jﬁ(\ﬁ\{%»\f{‘}ik ke

collecting tank. qokS

@\B\E
o
The refrigerant drawn in by ’rhegbg%&mpressor

absorbs refrigerant ’rhrough{}@%ole in the U-tube.
t’*:} compressor

@
A filter strainer prevenfgﬁ'le ingress of impure T

refrigerant through 'rhig{hole.

3 7

iy, Ol

o
The colle§;ing tank must be kept closed
as long as possible prior to installation
(leave ’rhé?ésealing plugs on the
connec’rio%) in order to minimise Filter strainer
moisture absorption from the ambient " 208_037
air in the d%gr.
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System control

K

The air conditioner does not necessarily
have to have all the components shown
in the diagram. Neither do these

208_054

An air conditioner will only function if all system
components are working properly. Failure of one

of these components could cause the workin

K fx(:‘\k}iksvg e .
pressures to change. In fhls\écﬁqg.we;@ﬁgi{s”nsf possﬁa eﬁ’%ﬁcz’o@% components have to be connected in

to rule out consequen,’(\jﬁg:i»\ﬁamage to the system
and the engine. To@ﬁ\(}oid this, there are

5%,% this way.

The diog?%m shows the system control of a

monitoring dev{f@’gs in the refrigerant circuit. simple mqn%‘qjlboir conditioner.
& o

&
A control %@f processes the signals from the
moni’rorirﬁ devices and controls the periodic
switch-off and switch-on of the compressor and
the speed of the fan. This ensures that the
pressure level in the refrigerant circuit always
odopmt% itself to the normal values.

In systems equipped with an open-loop
compﬁgessor, the signals from the monitoring
device are also used for adaptation to demand
for co%ﬁng.
(switch=on and switch-off the air conditioner in

@,
. L .
Air condlhd@gr switch
. e
Pressure relief valve at compressor
Radiator fan =,
Air conditioner pressure switch

Y

2y

Coolant ’remper&:gure sender

Radiator fan thermo switch

Evaporator tempém’rure sender
. o

Fresh air blower

Engine control unit

. &
Magnetic clutch

NV oONNONUTL DS WN o

s}

3
occordé%g{}ce with demand for refrigeration. ® Air conditioner control unit
Icing of the evaporator is avoided at the same (and/or radigﬁor fan
time.) %}%éj control uniggg

2 . . o
The diagram ‘shows the basic layout of the air depending on system type)
conditioner. o%f &
% O
:i\
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. Air conditioner magnetic clutch

==)1-9

-t

®J 257 ®J 257
e

m _{
w
-
o o

]

L
I

3L 208 055

Simple functional example showing how the
ompressor (via magnetic clutch N25) and radiator

Battery

Air conditioner switch
Radiator fan :
ty=95°C

fan‘dre switched on and off.

0.2 MPa (2 bar)/3.2 MPa (32 bar)
= 1.6 MPa (16 bar)
“oolant temperature sender
vaporator temperature sender Output signal
ir conditioner relay Bidirectional signal
adiator fan 2nd speed relay
Mono-Motronic control unit
ir conditioner control unit

adiator fan
use

In the new-generation air conditioners,
gh pressure sender in place
ressure switch for air conditioner

there is
of the
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System control

Components of the safety systems Switch for switching on the air conditioner — the
magnetic clutch makes the connection to the

Air conditioner switch E35 compressor.
In automatically controlled systems, the radiator
fan and the fresh air blower start simultaneously.
In manual air conditioners, the fresh air blower
must be switched to the 1st speed.
A signal indicating that the air conditioner has
been switched on is transmitted to the engine
control unit, and engine idling speed is increased
(to compensate for load resulting from
compressor work).

208_068 The switch may be located downstream of an

ambient temperature switch.
This ensures that the air conditioner cannot start
when the temperature is below 5 °C.

The valve (previously: bursting seal) is attached
Pressure relief valve directly to the compressor or fluid container. The
valve opens at a pressure of approx. 3.8 MPa

(38 bar) and closes when the pressure drops
(approx. 3.0 - 3.5 MPa/30 - 35 bar).

Depending on type, a plastic disc which ruptures
as soon as the valve lifts can be attached.

In this case, the cause of the excess pressure in
the system must be determined.

The bursting seal should only be replaced when
the“system is empty.

208_056

The evd orator temperature sender measures
Evaporator temperature sender G153 the temperature between the cooling fins of the
he sender signal is transmitted to

the air conditioner control unit. When the
evaporator temperature drops too low, the
compressor is switched off.

The compressor is switched off at approx. —1°C
to 0 °C and switched on at approx. +3 °C

Icing of the evaporator by freezing condensation

water is prevented.

In some systems, evaporator temperature switch
d in place of this sender. The power
ly to the magnetic clutch is opened directly
208061 eans of this switch.

Other systems control this function by means of
an ambient temperature switch.
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Pressure switch F129 To monitor and/or limit the pressure conditions in
the closed refrigerant circuit, high-pressure and

low-pressure switches are installed on the high

pressure side.

If unacceptable pressures build up inside the
system, the compressor will be switched off via

the magnetic clutch.

The pressure switch can be directly integrated in
the line or attached to the fluid container.

Pressure switch F129 is a 3-way combination

switch for:

Q — safeguarding the cooling air flow (fan circuit)
208 _057 — safeguarding the pressure conditions.

The pressure switch operates in the following

conditions:

— it switches off the magnetic clutch via the air
e, conditioner control unit at an excess pressure
5’%@ of approx. 2.4 to 3.2 MPa (24 to 32 bar). This
O’“e:)(gcess pressure can be caused by a dirty

6
coﬁg@enser, for example.

e
%
féf,
KA
%,
=
w
o
S @
e
@
23

— it switches o%‘ the magnetic clutch via the air
conditioner control unit when the pressure
drops belowfg?o minimum value (0.2 MPa/
2bar) . This §;dn be caused by loss of
refrigerant, for example.

>

ATOOSES, N Dar Drin Whe,

&
e
&

5
o

N

e

&
(\i:}

Lo

8

- i’[ﬁitches the fan one speed higher at 1.6

-“MPa (16 bar) excess pressure. As a result,
g\&“}@\} condenser performance is optimised.

M?\

({\@\; (‘;22% i
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o
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o
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System control

High pressure sender G65 — A new generation of senders for monitoring
the refrigerant circuit.

— Air conditioner pressure switch F129 has been
replaced by an electronic pressure sensor.
The evaluation electronics in the air conditio-
ner and engine control units have been adap-

ted accordingly.
— Like pressure switch F129, the high pressure
sender is integrated in the high pressure line.

It registers the refrigerant pressure and converts
the physical quantity of pressure to an electrical
signal.
Unlike the air conditioner pressure switch, the
sender registers not only the defined pressure
208 062 thresholds, it also monitors the refrigerant
- pressure throughout the working cycle.

Signal utilisation These signals indicate the load being exerted on
in the engine control unit the engine by the air conditioner and the
in ’rhe r@ﬁ;@ﬁ%? fén s ?8%6[7({;@(33 pressure conditions in the refrigerant circuit. The
o ) next higher stage of the cooling fan and the
R magnetic clutch of the compressor are activated

%, and deactivated via the radiator fan control unit.
.
%,/
%,
If the radiator fan control unit fails to detect any
S|gncﬁ§§, then the compressor will be switched off

for safety reasons.
@

&
&
£

— The i%ling speed of the engine can be
adapted exactly to the power consumption of
a speﬂ%ific compressor.

— The r&dlo’ror fan speed activation and
deoéilvohon cycles are staggered with a short

Advantages

Wposes, Npan o W

D

%
© ’rlme;deloy
% Asﬁ"g result, changes in the speed of the
%E; c@follng fan are barely perceptible at idling
% Q%peed. This enhances comfort especially in
% <" vehicles with engines with low power outputs.
e )
L
‘ ‘;\}@Q{:} The fault in the high pressure sender is stored to
g\@?}\?\ the fault memory of the engine electronics .

\a\

«“

Sef?&dnggnosns ‘fault message

ey,
Yo

& Sy,
]

e.g.: 00819 high pressure sender G65
“Signal too low*
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Function of high pressure sender

Y0

2VIDiv 5ms/D

208_109

At low pressure

»;.z\}\@ Yol ‘<‘“&"’d“{3i3;‘%c~«g

bn

Pulse-width
modulated
signal

Microprocessor

Voltage

5“3 Test voltage
&

£ .
£ Silicon crystal
%% ’ (resistance)
jo N

g 208 063

&

- Pulse width signal
%
o)

“*v”«; Period duration 20 ms

;(;?Q{‘
\.,(’

The refrigerant pressure is applied to a silicon
crystal. Depending on the pressure level, the
crystal will be more or less “deformed”.

The silicon crystal, together with a
microprocessor, is integrated in the sensor and
supplied with voltage.

One of the properties of the silicon crystal is that
its electrical resistance changes when it is
deformed. Depending on the pressure
characteristic, a test voltage picked off at the
silicon crystal also changes as a result.

The test voltage is conducted to the
microprocessor and converted to a pulse-width
modulated signal (A = pulse width, B = signal
distance).

 Ata low pressure, the crystal undergoes minimal
égformcmon
The Vzal’rqge applied is therefore only opposed to
a low éigc’rrlccl resistance.

%,

The vol’rage’;chonge is small.

éﬁ,i& 3 oW

<y

Hiossouneco eul 04

The microproé}éssor of the high pressure sender
outputs a sn@all pulse width at low pressures.

§
Pulse wicﬁ’h signals are generated at a frequency

of 50 Igiz per second.
Thl,sj»s equivalent to a period duration

&‘“20 ms = 100%.

&i\(‘}?}
0
o¥ a,ze@‘a‘“m At a low pressure of 0.14 MPa (1.4 bar), the pulse
width is 2.6 ms.
This is equivalent to 13% of the period duration.
208_064
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System control

At high (increasing) pressure, the crystal is
‘deformed” more, so the change of resistance is
larger. The test voltage decreases
proportionately.

At high (increasing) pressure

Pulse-width
modulated
signal

Microprocessor
Voltage
Test voltage

Silicon crystal

(resistor)

aG. Volkswagen
g@gﬁw‘ AGaog

The pulse width increases in proportion to the
<3

increasing pressure.
=

&
At a high pr%ssure of 3.7 MPa (37 bar), the pulse
width is 18 ms. This is equivalent to 90% of the
period dumﬁon.

Pulse width 18 ms

8

«“:*}:
&
3
£
R
B
&
e
B

208 066
Using the digital memory oscilloscope

of the new vehicle diagnosis system
VAS 5051, it is possible to visualise the

ol o
& pulse width signal.

5\3@\‘,\\{3 R
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Disconnected safety switch in the In the refrigerant circuit with restrictor, the low
refrigerant circuit with restrictor pressure and the high pressure are often
monitored by two separate safety switches.

Low pressure
Air conditioner low-pressure switch F73 switches

off the compressor when the pressure drops
below approx. 0.17 MPa (1.7 bar) in the
refrigerant circuit, for example.

(This pressure drop can occur if the refrigerant
level in the circuit is too low.

The compressor is protected.)

High pressure
Magnetic clutch high-pressure switch F118

F118

208 067

Coolant temperature switch with pilot lamp The compressor constitutes an additional load
for the engine.

208 069

(The primary monitoring device is the coolant
temperature sender with indicator lamp in the
dash panel i

In vehicles with extended electronic Various switches with pilot lamp are used

sensor evaluation via the depending on vehicle type, e.g.
control unit combination of the vehicle,

this additional check is no longer FI8 - Radiator fan thermo switch
necessary. The signal generated by the F163 - Air conditioner

primary monitoring device is utilized. cut-off thermo switch.
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Cooling fan circuit

Circuit connecting fan to engine/

condenser cooling system
shown using the VW Golf/Audi A3 as an

example

Fan operation is a basic condition for proper
functioning of an air conditioner (refrigerant circuit)
and the engine (coolant circuit). Condenser
performance will be impaired if there is no cooling.
Proper functioning of the air conditioner is no
longer assured. In air conditioning, a second or
third fan is often also used.

Cooling fan

Thermo swiich F18

Example: Check functions

nt temperature
The signal generator is radiator

radiator.

Speed 1 92 ..97 °C
84 91 C
Speed 2 =105 °C

OFF .98 °C

Pressure in refrigerant circuit

The signal generator is

air conditioner pressure switch F129 or the high
pressure sender G65.

F129 switches the fan(s) to speed 2at a pressure
of approx. 1.6 MPa (16 bar) (also refer to

page 35).

Radiator fan control unit J293

These fans provide the necessary fresh air flow
through the radiator and condenser.

The fan control regulates radiator fan control unit
J293

depending on the temperature of the coolant and
the pressure in the refrigerant circuit.

The absolute values are always vehicle-specific!

2nd auxiliary fan

)

Air conditioner pressure
switch F129

Example: 2:fan combination

s switched on, therefore
the compressor is switched on and the

— The air conditionet

pressure in the refrigerant circuit is greater
than 0.2 MP bar).
= both fans run at speed 1

High pressure in the refrigerant circuit is
reater than 1.6 MPa (16 bar) and/or coolant

" temperature is above 99 °C

= both fans run at speed 2

— If the pressure in the refrigerant circuit drops
below 1.6 MPa (16 bar) and the coolant
temperature is below 99 °C
= both fans will again run at speed 1

— When the engine is being operated without
the air conditioner, only the cooling fan will be
running. The fan will be running at speed 1 or
2 depending on coolant temperature.



Radiator fan control unit J293

New generation

There are also circuit variantsiw
functions of the control units are
assumed by an air conditioner control
unit.

Integration in their control system is
always vehicle-specific.

For details, please refer to the current
flow diagram.

208 070

The radiator fan control unit is integrated in the
vehicle control system.

Incoming signals in the basic version:

— from thermo switch F18

— from pressure switch F129

— from operating and display unit E87 (with
auvtomatic air conditioner)

ks

To convert the

ming signals
— To switch the cooli

— To switch the compressor magnetic clutch on

and off.

Expanded functions of a new generation:

Radiator fan control unit J293 hosigeen
developed technically and adapted functionally
to the new high pressure sender G6

It is fitted together with the high pressure sender
and, as a distinguishing feature, has modified
plug connections.

ch the radiator fan speeds and the

magnetic clutch of the air conditioner com-
pressor on and off

— Bidirectional signal interchange with the
engine and gearbox control unit

— Monitoring the coolant temperature

— with timer module for activating coolant run-

on pump V51 (e.g. 1.8-lir. 5 V engine 165 kW)
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Temperature control

Manual control

Fresh-air flow

Fresh air blower

Refrigerant circuit

Condenser

(blower capacity is designed for maximum
cooling, however the prevailing ambient
temperatures are usually moderate).

To attain a pleasant inferior temperature, a
portion of the cold fresh air flow is therefore
ducted over the heat exchanger the heating
system and heated up.
Temperature fluctuations can also be édusec;]

3
o

by different ambient temperatures, road
speeds, coolant temperatures, fresh air
supplies etc.

In the case of simple manual air conditioners,
the driver has to regulate the temperature.

Evaporator
Temperature-
a adjusted
o . interior air

Heat exchanger

What is regulated?

— Registration of actual values, i.e.
sensing.

— Setpoint/actual value compariso
driver performs an individual evaluation. The

driver defines the comfort temperature, i.e.

whether too warm or too cold

whether
 the temperature ne

The driver is, in the figurative sense, both the
controller and the actuator.
The driver adjusts the temperature flap.



Avutomatic control

Sunlight penetration
sender

Fresh air intake duct Dash panel temperature

temperature sensor sensor

0.0 @Plewagen AG

Control unit

Ambient temperature

&
r‘“}“‘v:f:’:¥
sensor e Footwell vent
o)
& temperature sender £
@ @
I %
o fer]
Automatic air conditioners relieve the driver of The diagram shows the positions of the sensors. =
= G
this task. S =
o &
£ The digital control unit is the master station. Q
They have the advantage that ﬂijey can include It processes all input signals from the sensors &
@€ o
many more parameters in the cantrol system and (infformation sender), interference-suppresses
j

calculate the thermal result of y@r adjustment in

them and feeds them to the microcomputer in thex

advance. B control unit. 5“4
B 3
L&

air conditioner controls: %& in accordance with the pre-programmed §~‘

— Digital temperature control 7%/,; setpoints. @QQ

— Climatronic {'5’02,/ {39?‘&

— Air conditioner with automatic control /f%& The output sign are fed to the og\tﬁ&’rors via
Q@c@ output stages. Q\x&\\

What they all have in common is: 4

?@b@ actuators are the g@s«ﬁi‘bnlng motors on the
hea’re?‘f/olr condlhoﬁger

Suitable positioning motors are assigned to the
flaps.

— a control unit

— ambient temperature sensor (one or two)

— interior temperature sensor

— additional senders (not in every system), e.g.
sunlight penetration sender

— Positioning motors on the heater/air conditio-
ner

Air conditioners of the current generation are
linked to other vehicle control units either directly
or via the CAN-BUS. Information on road speed,
on engine speed and on ‘time parked” are also
included in the evaluation of the air conditioner
control unit in this way.
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Temperature control

System overview of an electronically controlled air conditioner

(the temperature is regulated evenly at the left- and right-hand sides of the passenger cabin as shown
An identical system is used in the Audi A3)

using the Golf as an example.

Sensors
(for system control and temperature

control)
Sunlight penetration
photo sensor G107

Temperature sensor

Dash panel
Temperature sensor G56

Blower V42

Ambient temperature
sensor G17

Temperature sensor &
,\v&‘y
Fresh air intake duct temperature @i*
sensor G89 &
&
-
&
L
s

Footwell vent
temperature sender

G192

LU poSEs, Npar or, W

Air conditioner
pressure switch F129

Auxiliary signals:

- road speed signal

- engine speed signal
'time parked' signal

Coolant temperature warning switch

(overheating) F14

Radiator fan
thermo switch F18
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Actuators
(for system control and
temperature control)

Footwell/defroster flap
positioning motor V85

with potentiometer G114

Climatronic control unit J255

and Air conditioner/Climatronic
H d disol it E87 Central flap
operaling and dispidy oni positioning motor V70

with potentiometer G112

Temperature flap
positioning motor V68
with potentiometer G92

Seh VG;KSWS@@Q%GC%
S

. el
Air flow fquﬁ’é@ -
positioning mof&%@] and air
recirculation flap @ﬁ“’g&
with potentiometer G'I'Iéb’%;}

Z,

%,

2

Z

%,

Fresh air blower
Control unit J126
and fresh air blower V2

Auxiliary signals:

engine control unit

[eXeXeXoXoXoXeoXo]
l'

(eXoXoNoXoXoXoXo),

Diagnosis plug connection
Té6

Radiator fan control unit
J293

208 077 Radiator fan, right V7 and
auxiliary fan V35 45
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Temperature control

Control unit with operating and
display unit

208_102

Dash panel temperature
sensor G56

Climatronic control unit with

operating and display unit
Design

The control unit is combined with th
and display unit which is adapted

integrated in the control unit.
Function

The control unit receives information
electrical and electronic components (s

These signals are processed by the controlyni

accordance with the setpoints. The output si
of the control unit then control the electrical
actuators.

Control unit

Operating and

display 87

208_078

208_101

anel temperature

sensor G56.

Control unit with operating and
display unit of Audi TT Coupé

The control unit is equipped with a fault memory.
Failure of a component or an open circuit can be
detected quickly via the self-diagnosis.

No matter what fault occurs, the control unit will
remain in operation and maintain the
temperature settings in emergency mode.



Actuators/sensors on a heater/
air conditioner

Fresh air intake duct

temperature sensor

Footwell/defroster flap
positioning motor - =~ Air flow flap positioning

@ motor and air recirculation
] A flap
X 7
0,
P
- /E ~_V ]
= Fresh air blower
O
0
\ 0
Fresh air blower
' 1 control unit
e

208_079

Footwell vent Temperature flap

temperature sender positioning motor

(concealed)

positioning motor

A positioning motor is assigned to each fla In this case, the fresh air blower and fresh air

air ducting in the heater/air conditioner. blower control unit are separate components.
The air flow flap and air recirculation flap are However, they can also be combined to a unit.
driven by a positioning motor. These flaps are
adjusted separately by a driving pulle

guide rails.

In other systems, the air recirculation flap can
also be adjusted by means of vacuum and
solenoid valves.
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Temperature control

The main temperature sensors

Ambient temperature sensor G17

The temperature sensor is positioned in the
vehicle front section.
It registers the actual ambient temperature.

Signal utilisation

The control unit controls the temperature flap
and the fresh air blower in dependence upon the
temperature.

Effects of signal failure
If the signal fails, the measured value of the

second temperature sensor (femperature sensor
in fresh air intake duct) is utilised.

If this signal also fails, the system continues to
operate by assuming a substitute value of

+10 °C. Air recirculation is not possible.

208_081

The temperature sensor has self-diagnostic
capability.

Fresh air intake duct
temperature sensor G89

o BGVOIRSWagen 4
. e ad G {?O@
AN
o

o
The temperature sensor is located directly i@ﬁ%e

the fresh air intake duct. &
o

%gbtu re

i i &

measuring point. &

£
<
Ly

It is the second actual ambient temp

Signal utilisation &

e
B

The control unit controls the temperature flap
and the fresh air blower in dep§ndence upon the
temperature. =

grparn

Effects of signal failure g

£

i

If the signal fails, the measured value of the first
temperature sensor (ambient t%ﬂperqture
sensor) located in the vehicle front section is
utilised. The temperature sensor%éas self-

diagnostic capability. <,
%
£

o
Both temperature sensors alway.

s
%
process the lowest value. Ty,

%
@"’“féy%
A

gﬁ@mé}i Dy



Dash panel temperature sensor G56 with
temperature sensor blower V42

The temperature sensor is usually integrated
directly in the control unit and transfers the
actual interior temperature to the control unit.

It is located in the air stream of a fresh air blower
which is used to draw off interior air.

The fresh air blower is activated by the operating
and display unit.

It draws off the interior air in order to avoid
measurement errors at the temperature sensor.

Signal utilisation

The measured value is used for comparison with
the setpoint.

The temperature flap and the fresh air blower
are controlled accordingly.

Effects of signal failure

In the event of signal failure, a substitute value of
+24 °C is assumed. The system remains in
operation.

The temperature sensor has self-diagnostic
capability.

Footwell vent

temperature sender G192 ‘,06\3'

The temperature of the air flowing out of{:ﬁe
heater/air conditioner (and into the vel§rcle
interior) is measured. The temperqtu;zé is
registered with a temperature- dep@']den’r
resistance. “:’

The electrical resistance |ncreose§’ as the
temperature drops.

Anpset Oriny

Signal utilisation
The signal is evaluated by the é@an’rrol unit. The
signal is used to control the defi?os’r/foofwell air
distribution and the volumetric @pocﬁy of the
fresh air blower.

"\%’
e

Effects of signal failure 5;3
In the event of signal failure, the conffepl unit
calculates a substitute value of +80 °(ff’”
The system remains in operation.

The sender has self-diagnostic copoblll’ry

Temperature

sensor

G Volkswagen AGy,
fog,

£
oo

208 083
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Temperature control

Sunlight penetration photo sensor G107

Air conditioner temperature is controlled by
means of photo sensors.

They register the direct sunlight exposure of the
vehicle occupants.

Depending on air conditioner type, they can
measure sunlight penetration via one or two

sensors and separately for the left- and right- 192_093
hand sides of the vehicle.
Function
The sunlight passes through a filter and an
impinges upon an optical element on the photo
diode. The filter functions in much the same way Housing
as sunglasses and protects the optical element cover
against UV radiation.
Filter
Photo diodes are light-sensitive semiconductor
elements. When there is no incident light, only a
small current can flow through the diode. This Optical
current increases when the photo diode is element
exposed to sunlight. The stronger the incident
sunlight, the higher the current. Photo diode
When the current increases, the air condl’rkgm@ﬁmg‘@ e d%imaﬁoﬁ«
control unit recognises that the sunh&hﬂs Housing,
stronger and regulates the |n’rer|@? ’rempero’rure
accordingly. The Temperaturegffap and fresh air
blower are controlled occg?dmgly
Q{S‘b 192_034
In the version with fwo§%nsors the side of the
vehicle exposed to stronger sunlight is cooled %&
more (refer to pqge$8) E%}}
A B

Effects of signal fa;lure 3
The control unit uhﬁ%es an assumed fixed value @ @ g
for sunlight pene’rréﬁhon. ;?

%f T d T U ,C: T
Electrical circuit ;;; =

(3 It W
@ Air condl’rlorigr control unit | 2|
G107  Photo sensor .
A 1 sensor ‘”«;,/
B 2 sensors *«%{@ 208 088

%
%,
a;%@ﬁ




Combination processor in

dash panel insert

Auxiliary signals for temperature con-

trol

/

(N | R

Radiator

Air conditioner
control unit [

To temperature

flap /

Heater/air

— ®
©)

conditioner

With regard to temperature control, additional
information enhances comfort and is utilised for
system control.

These auxiliary signals are supplied by other
vehicle control units and are processed by the air
conditioner control unit.

Important signals are:

— 'Time parked 1},
— Road speed v
— Engine speed n

'Time parked' signal th

Time parked=the time between switching off the
ignition and restarting the engine

This signal is utilised for adjusting the
temperature flap. When the engine is restarted,
the control unit processes the ambient
temperature values'stored before turning off the
engine.

/ control unit

A
'\To air flow flap

Compressor

208 087

Changes in measured data (e.g. due to radiant
heat) are disregarded for control purposes.

The comfort temperature is set quickly and
exposure to subnormal temperatures is avoided.

Road speéa 'é’igngl v

Is required to control the: ir flow flap.
The signal generated by the’speedometer sender

higher road speeds, the cross-se
air inlet is reduced in order to keep the air flow

conditioner control unit on actual engine
operation. It is required for system cbnfrol (to

switch off the magnetic clutch), e.
engine speed signal, the compres

Engine control unit
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Temperature control

Positioning motor

In a manual air conditioner, air-ducting flaps
such as

— the temperature flap
— the central flap
— the footwell/defrost flap

are adjusted individually by the driver by means
of Bowden cables.

In the automatically controlled air conditioner,
the flaps are operated by electrically activated
positioning motors. The air recirculation flap is
also positioning motor operated.

The positioning motors are always positioned
level with the flap axis on the heater/air
conditioner .

All motors receive the corresponding control
signals from the air conditioner control unit.

Each positioning motor has a potentiometer. The
potentiometer signals the position of the flap to

the control unit in the form of a fe@gg!g@‘q]@;gglggm
oY
Thus, the electrical output signals are converted
. e e
to mechanical qugﬁﬁlhes by means of positioning
<
motors (actuators).

The flaps have different adjustment
mechanisms.
The arrangement of the cranks and

angle of rotation are always referred to
© a particular flap.

@
3
[
o}

e
%
°
&
2
%,
[

Q\Vﬁl\g @ AG Q’O@‘?

208_091

208_115

1 positioning motor
each for

- temperature flap
- central flap

- footwell/defrost 208_116

Positioning motor for fresh air

S gy recirculation flap and air flow flap
Q&Qf&?@
(o
©
[
ic

s
s
Electrical circuit
£

%, /Air conditioner
@‘ control unit
%

b
o)
o

Sender
information
Positioning

motor with

potentiometer

208_092



Fresh air
Air ducting Dash panel

Air flow flap
outlet

The heater/air conditioner

Fresh air/air
recirculation
Defrost flap

Fresh air blower
Footwell

outlet

208_093

Heat exchanger Air flow flap

Fresh air/
air recirculation
Defrost

flap

Fresh air blower
Footwell o Volkswagen ag
outlet © Sy Evaporator
g&%}f 208 _112
Dash |
C: tpane 4 N Air ducting in the heater/air conditioner
outle

& [ ] \
I i1 1111

Undivided air ducting — diagram -

for muximf;ﬁ;} refrigeration output
=

ke
=

Very warm fresh air is ducted to the air outlet
o
via the evaporator. The chéij;gnel to the heat

exchanger is closed.

A\

Air conditioning mode

o0 e OV

A basic distinction is mc{ﬁe between
— undivided air inflow/into the passenger cabin
— divided air inflow f%% the left- and right-hand

sides of the passenger cabin.
The latter version, o

“ourse, requires more
sensors, actuators and air flaps.
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Temperature control

Heat exchanger

il T [

Air ducting in the heater/air conditioner
Undivided ai

for maxim

cting — diagram-

heat output

Air conditioner OFF,
heating ON

All heaters/air conditioners are basically
designed as shown in the diagram:

Fresh air

11

Temperature flap

Evaporator

208_110

is not working.
Fresh air is passed over the heat exchanger and

heated.

— Air inlet for ambient air

— Air inlet for air recirculation mode (if provi-
ded)

— Fresh air:blower

— Evaporator (for cooling the air down)
- Heat ¢
Regulating flaps and ducts for selective air

ing (footwell, defrost, dash panel outlet).

changer (for heating the air up)



Fresh air
| | |
T

/

|
|

208_111

nnl o %Tgrf‘cl” “”*%“fﬁcrm

Air ducting kq;,ﬂﬁe hecier/alr conditioner
Undnvndgd ir ducting — diagram—
for mlgcéd operation

C?f}{,.@
&

/f

o
&
ol ;
&
& %
] Warm fresh all’?ﬂows through the evaporator in order to
I
5 Air conditioner ON, cool down. The g?esh air is too cool, therefore a partial
heating ON air flow is duc’fed%ver the heat exchanger in order to

attain the mdlwdugﬂy selected vent temperature.
Lol

D ssome e

Air cg?hdmomng mode can be selected
eve@;n‘ the fresh air is cool and moist.
The fresh air passing over the
%!?bpora'ror is dehumidified and the
<windows are demisted.

e PUPOSES, IIPAM o Whe,

= individual
adjustment range
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Temperature control

Different ambient temperatures Automatic flap control and

through

Constant interior temperature switching the air conditioner on and off

]
IHI 1l \m
208_094 208_095

A}
1 ® [ HH

208_097

SSUIDBLI

(>,

(ogs 3

L

€
l_lwlwlwﬁg- e T

208_098 208_099
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Air distribution -
split into two separate air flows in the

automatic system

(example: Audi A6)

h (8773

Evaporator

};‘;{QQE;‘@& ot Orin W

Passenger ccbln ’E@‘j{ qusenger cabin, right
3'3&}404, o 3\:; et

208_100

gen Mw*\\

In this case, air distribution inside the vehicle is
regulated by air-side flaps in the air conditioner
(in the Audi A8, air distribution is regulated on

the water side).

Depending on flap control, the air flow is ducted
to the individual air outlets.

All flaps are actuated electrically by the

positioning motors.

The flaps are adjusted either automatically
according to program flow, or manually at the

operating and display unit.

The fempe?nfure flaps

/«\
«ﬁ

In this ver5|on;~>’rhe temperature for the left- and
right-hand S|c|es of the passenger cabin can be
adjusted mdepgndenﬂy.

<

In the air dis’rrilg‘vfor housing, the air flow is
divided into cold/warm and passenger cabin

left/right. ;

04

l,}

Depending c“h temperature requirements, the
proporhongof warm and cold air for the
possengeé? cabin can be adjusted with the

tempeﬁu’rure flaps.

iﬂﬁe temperature flaps are actuated by
— a positioning motor for the left-hand side of

the passenger cabin
— a positioning motor for the right-hand side of

the passenger cabin.
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Temperature control

System overview a electronic regulated air conditioner
(with separate air-side temperature control for the left- and right-hand sides of
the passenger cabin, as shown using the Audi A6 as an example)

Sensors

Sunlight penetration
photo sensors G107

Dash panel
temperature sensor G56
with temperature sensor

blower V42

\&&%\f\l@%@“ AG.Volkswagen 4 o

d

) be@é\?\i Q@;‘«
Ambient temperature ’
sensoggﬁ\}w N I
N %
5 9
&
&
&

&
& Temperature sensor
&

Fresh air intake duct G89 I

l

e,
nff{émgercture sender
g

g}@g‘i}@ iy

Footwell ve
G192

Air conditioner pressure switch F129

Auxiliary signals
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The temperature can be set differetly for the left- The temperature flaps for left/right temperature
and right-hand sides to between 18 °C and distribution are located in the air distributor
29 °C. housing

Actuators

Air flow flap positioning motor
Control unit J255 or

air conditioner operating and
display unit E87

and fresh air/air recirculation flap
V71
with potentiometer G113

Defrost flap positioning motor
V107
with potentiometer G135

Left temperature flap
positioning motor V158
with potentiometer G220

Right temperature flap positioning
motor V159
with potentiometer G221

Central flap and footwell flap
positioning motor V70
with potentiometer G112

Fresh air blower V2 and
fresh air blower control unit J126

Magnetic clutch N25

Diagnostic connection . .
Auxiliary signals

194072 59
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Temperature control

Air recirculation mode
What do we mean by air recirculation mode?

The air conditioner processes two types of air,

namely ambient air and cabin air (air I ?%?\9\\\ 1 |
recirculation). 2 ‘
. . . . . A irculati d

In air recirculation mode, the air used for cooling T 2 FrecerePh M 6/2
the passenger compartment is not extracted from o /./‘x ¥
the outer atmosphere, rather from the vehicle S 7
interior. = v Fresh air mode
Therefore, the system only recirculates and o -
controls the temperature of the air which is
available inside the vehicle. 0 | , . .

0 2 4 6 8 10 12 14 16

t [mn] —»
Why air recirculation mode
208 089

Air recirculation mo s the quickesf way to cool Avera ‘glues for vehicle temperature reduction/

increase in t

ors, i.e. the air is heated more rapidly.

An advaﬁig’rage of air recirculation is that the .
: . Fresh air flap
evaporator output or compressor drive output

Does air recirculation mode have any draw-

In air recirculation mode, there'is no air
exchange. The air will be “used up“.

Therefore, air recirculation mode should not

used any longer than ismecessary, and for n

more than 15 minutes.

In air recirculation mode, the a’rmosbheric
humidity in the passenger cabin rises due to - »
moisture released with the air respired by the

occupants. When the dew point of the interior air

exceeds the temperature of the windows, the

windows will inevitably mist up.

In the Defrost setting, therefore, air Vehicle air conditioning

recirculation mode is automatically

disabled.

ir recirculation and fresh air modes

Vacuum box

Air recirculation flap

208_117

in air recirculation mode — pneumatically operated



Manual air recirculation mode

With the manual air conditioner, the driver is
responsible for controlling and operating air
recirculation mode.

The driver decides on when and for how long.

After pressing the air recirculation button, the 208_118

flaps are adjusted pneumatically with vacuum. Air recirculation button — manual air
conditioner

With automatic air conditioners, too, air

recirculation mode is mainly selected manually

by the driver. I —_— 57~ % 3§

In this case, the fresh air/air recirculation flap'is

W0 |~y
4 @

adjusted electrically by means of a p
motor. ;

Alir recirculation button —

conditioner
= qir recirculatio

— Fresh air flap op

= air recirculatiot
Positioning motor
The air recirculation flap positioning motor is
also used to qdiusf he air flow flap.

Air flow flap

Fresh air
recirculation flap

Several versions of automadtic air conditioners
already control air recirculati

automatically.

mode

As soon as pollutants enter the ambi ir, the Cabin air

fresh air supply is blocked.

These systems have additional system

components. &

208_090

Vehicle air conditioning
in air recirculation mode — electrically operated
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Temperature control

Avutomatically controlled air recircula-

tion mode Air quality

Combination filter sensor G238 Signal to

Fresh air operating and

intake 7 7 display unit E87

NO,

TTTTT
H,S

cs, "2 ‘HH

L

CeH1a

CeHe

Airborne pollutants 208_105

In systems with a manually operated ai nual function switch on/off

recirculation mode, the changeover'is logically
not performed by the driver until an odour
nuisance occurs, by which time the air inside the
vehicle will have already.been fouled.
In systems with an automatic air recirculation
mode, the vehicle ventilation system will be
closed as soon as pollutants in the air have been
detected (by a sensor), i.e. before an odour :
nuisance occurs. Thé automatic air recirculation 208_108
function can be switched on and off manually. Operating and display unit with automatically
controlled air recirculation mode

the area of the fresh air intake upstream of
the combination filter:. .
— Combination filter What pollutants are detected?
The combination filter rep L
pollen filter. It comprises a particle filter con- rimary pollutants contained in the exhaust
taining activated charcoal.

The operating principle CeHia

CgHg - Benzene
A gas sensor detects pollutants in the ambient CsHy4 - n-heptane
air. When a high pollutant concentration occurs,

the air conditioner control unit implements the In exhaust gases of diesel engines:
signal which the gas sensor generates by NOy - Nitrogen oxides

changing over from fresh air mode to SO - Sulphur dioxide
recirculation mode. H5S - Hydrogen sulphide

If the pollutant concentration drops below a CS, - Carbon bisulphide

given threshold, then fresh air is again supplied
to the vehicle interior.



Air quality sensor G238

The sensor operates, in principle, in much the
same way as a lambda probe.

The metering element is a mixed oxide sensor
which uses semiconductor technology (stannic
oxide - SnO»).

The sensitivity of the air quality sensor is
increased by catalytic additives of platinum and
palladium.

The operating temperature of the sensor is
approx. 350 °C. lts power consumption of

0.5 watts is very low.

The evaluation electronics in the sensor

The evaluation electronics integrated in ’rhe;o
ultrasonic sensor module react to chan%é% in
sensor conductivity.

High sensitivities are achieved.

The system is self-learning.
The electronics determine the qvérqge pollutant
concentration in the ambient oiégond sends
information on the type and quf’én’ri’ry of the
materials by means of a dlgl’ralgsqucre wave
signal to the air conditioner coﬁ}rol unit.

purps

o

The control unit now closes the dir recirculation

flap at peak pollution levels depéinding on the

ambient temperature and air polltffjon level.
V%,,

This ensures that the ventilation sysfen{’«does not

remain stuck in air recirculation mode m"l:gecwly

polluted areas.

Regardless of the electronic evaluation, severol
systems switch to air recirculation mode when the
wash/wipe system is operated.

Service
The air quality sensor is wear-free.

The combination filter must be replaced after
service intervals.

208 106
+ -
_agen A Volkswagen 4 fon
g)\\c‘»? g o
I Q&:ﬁ?ﬁ& Air quality
e g},&esensor
C
@ Dlggal
G"?s / squc{csg wave
%
I_n_,-u-L signal &
%@5
Air condlfgfoner
E87
® / control unﬂ%
I
Positioning motor for
I I I I I air recnrculcglon
] Il |
mode ¢
=
208_10%.
o
Ambient Air pollution Air rearculgg?s
temperature level tion {33
>+2°C Low y@
rise mnw@S sec.
>+2°C Low q\;\@ﬁ no
e +2°C..-5°C Highﬂe\’{\gi\%@\ yes
q)ff}@g()f{:f V}‘i}j Qgghse
<-5°C Higher max.
rise 15 sec.
ECON mode max.
compressor off 15 sec.
Defrost mode no
Warm-up phase of sensor no
approx. 30 sec.
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Safety precautions for working on
air-conditioned vehicles and hand-
ling refrigerant R134a

Set codes of conduct and safety precautions
must be observed when working on air-
conditioned vehicles and handling refrigerants in
order to ensure that no-one is endangered by
leaking refrigerant.

Work performed incorrectly can also damage
the air conditioner itself and should therefore be
avoided at all costs in the interests of proper
customer care.

Imporfunf'
General servicing work on thé}vehicle should
be prepared
and performed in such a wu¥ fhat the vehicle

iy,

refrigerant circuit is not opened (e.g. radiator/
engine removal). %3

Direct contact with refrlgeralﬂ should be avo-
ided at all costs in order to avgld skin damage
(frostbite). %
Escaping refrigerant has a te % rature of —
26 °C. %

If it is necessary to open the refntj&rant circuit
in order to perform repair work on fﬁe vehlcle,
bring the vehicle to a service station fo(f@lr
conditioners. At the service station, the refh;;,
gerant circuit will be emptied by expert per-
sonnel.

These are the only workshops which have the
equipment required to draw off refrigerant
properly. The refrigerant will also be processed
in an environmentally friendly manner and can
be reused.

Wear protective

/f%%

Wear protective gloves

€3 4

Naked f%m@s exposure to direct

goggles sunlight and snf@émng are prohibited.
%,
%, 208 085
@,
%,
@
%5
%,
£
What is the correct code of conduct 2

when refrigerant discharged accidentally from
the refrigerant circuit comes into contact with-
the skin?

FIGO

@
o
o
o
o

If liquid refrigerant comes into contact with the g

eyes, rinse eyes thoroughly with water for 5

15 minutes. g

Then apply eye drops and contact a doctor §'é

if no eye irritation has occurred. Qf”

Inform the doctor that refrigerant was th A"é‘"‘duse.
é:’x

In the event of skin contact, remove ot clothing

inse the oreo%b‘fskln affected

&

immediately a

with copious a
mé@i@éd



Neither welding or brazing or soldering work

may be performed on parts of the filled air
conditioner.

This also applies to welding and brazing/
soldering work on the vehicle if there is a danger
of parts of the air conditioner heating up.
During spot painting work, the object
temperatures in the drying oven or preheating
zone may not exceed 80 °C.

Why not?

Heating produces a higher excess pressure in the
system which can cause the pressure relief valve
to open. During electrical welding work, invisible
ultraviolet rays can penetrate the refrigerant
hoses and degrade the refrigerant.

What is the correct code of conduct?

Y

Damaged or leaky parts of the air conditioner Q@ﬂz’f‘?

208 119

Volkswage
agen AG. A dog
Q\‘d%\l\

S0y

Aldsﬁough refrigerant is not highly ﬂamﬁ’m;;le it is
not permitted to smoke or performe weldm@opr
soldering or brazing work in a room filled wn‘hf‘/{:>

e

may not be repaired by welding or brazing/ & refrigerant. %«3&/‘

soldering them. Such parts must always be ,@5{? ’%ﬂj_

renewed. Draw refrigerant out of the refrlg\éram‘ Why? 5”5;%

circuit with the service station beforehcnqlf %
g The high temperature of an open flame or a hot “{%}

Work may only be performed on the = object will cause chemical fission of the B

refrigerant circuit in well-ventilated ra%ms refrigerant gas. Inhalation of the resulting toxic ;ﬁ;

Refrigerant may not be stored in shaf%s or at fission products will lead to dry coughing and %

basement windows. 4 nausea. &

Why not? % What is the proper code of conduct? 57
% §

Refrigerant is a colourless and odourless %{) If a person breathes in refrigerant vapours in a &

substance. It is also heavier than air, and ﬁ%‘s high concentration, bring the victim out into the §

therefore displaces oxygen and can flow dov\“fi}w open air immediately. QQ@

into lower regions. If refrigerant escapes even %% Contact a doctor. ®§p

though all the applicable safety precautions %f% If the victim is having difficulty breathing, Q*\?

have been observed, there is an unforeseeable ":}f%rov|de the victim with oxygen. %\\@Q

risk of suffocation in badly ventilated rooms or If ﬂ%wg}cnm has impaired eqthm &3\@‘5 no

assembly pits.

longer bréé’ﬂfvmg, bend ’rhewli@ﬁ)m s head back
and administer artificial respiration.

=

&.t
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Why service station for air
conditioners
and
special equipment?

What equipment does the service station
for air conditioners have for carrying out

work expertly and in an enviro

friendly manner?

vehicle -

A possible cause of insufficient coolin
loss of coolant due to leaky lines.
Minor leaks (external damage) can only
verified by means of suitable leak detecting
equipment, due to the minute quantity of

refrigerant which is discharged. Leaks with less

than 5 grammes of refrigerant loss per annum
can be detected using this equipment.

The refrigerant circuit is in a closed system.
To ensure that the system functions properly:

— the refrigerant must be clean

— the refrigerant may not contain any moisture

— the piping must be evacuated and dry before
being filled

— only refrigerant resistant original spare parts
may be used.

To avoid damaging the environment and
physical injury,

— the refrigerant circuit may not be filled in the
open air

— the refrigerant must be disposed of in an
environmentally friendly manner.

The equipment developed specially for air
conditioners conforms to these requirements.
i xpensive, however, and is

ore not available nat de rather only at
service station for air conditioners:

Working on the refrigerant circuit calls for

- a special knowledge of proper
repairs

— a knowledge of the safety regulations and the
Pressure Vessel Code

— verification of appropriate qualifications

(country-specific).

This specialist personnel at the service station for

air conditioners meet the above requirements.

=

208 014



An all-in-one system for checking, drawing
off, evacuating and filling
— the Service Recycling Station

This station meets all the requirements relating to
the maintenance, testing and commissioning of
vehicle air conditioners in refrigeration terms.

Various makes of station are available.

A station comprises various individual units:
Filling cylinder, pressure gauges, vacuum pump,
shut-off valve, filling hoses.

Quick-connect adapters for the service
connections in the high- and low-pressure areas
of the refrigerant circuit.

The stations can be used to empty, evacuate and
fill the vehicle air conditioner.

The extracted refrigerant is recycled (dried and
cleaned by removing suspended matter) in the
station and refilled after being repaired.

.y Under the government ordinance
prohibiting the use of CFCs and halog
) it is not permitted to perform work on:

conditioners without the recycling
Recycling stations may only be o
expert personnel.

For refrigerant disposal
— the recycleable bottle

Refrigerant which contains excessive a
impurities, e.g. due to internal mechani
damage to the compressor, should not be
cleaned. This refrigerant is drawn off in a
separate extractor station with a recycleable
bottle, which is evacuated on delivery and thi
disposed of.

Recycleable bottles may only be filled up to 75 %
of the specified filling weight (expansion of the
refrigerant upon exposure to heat must be
possible). Therefore, they must be weighed using
a calibrated weigher while being filled (observe
the Pressure Vessel Code).

208_113

208_086
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General information on function
influencing factors

Mechanical faults (e.g. damage to the
compressor) can reduce the cooling capacity of
the air conditioner, as can chemical or physical
influences.

The refrigerant in particular can have an effect
on the functioning of the air conditioner by virtue
of its properties. Therefore, a knowledge of
general relationships is also important to
everyday servicing, and not only for the
specialists working at the service station for air
conditioners.

Refrigerant and moisture
Only small amounts of water can be dissolved in

the liquid refrigerant. However, refrigerant
vapour and water vapour will mix in any

proportion.
If the drier in the fluid tank or collecting tank has
already absorbed 6 - 12 grammes of water,— i.e.
a relatively small quantity, — it may not function
properly depending on type. Any existing water \%Q\:@w%@
is entrained into the refrigerant circuit. This wcfeg{x\“
reaches the nozzle of the expansion valve q?:?ﬂ\')e
restrictor and freezes. &
This will reduce the cooling output of%;!ghe air
conditioner. §
Water will damage the air condl’r@%er
irreparably because it comblnesf@vl’rh other
impurities to form acids at hlghg,?%ressures and
high temperatures. §

L&)

g

Refrigerant + refrigerant

ke

St

Refrigerants may not be mixe@wﬁh one another
(their chemical and physical p%per’ries are

different and they contain different oils).
Only the refrigerant specified fo%q particular air
conditioner may be used. YQ
Air conditioners which can no |ongeﬁ<>Joe supplied
with R12 according to the ordinance ﬁﬁghlbmng
the use of halogens must be converted i Iﬁ‘/,f

compliance with special guidelines. %,

%
@"’“&y%
,ff“

@m*}i Dy



Refrigerants and plastics

Refrigerant can dissolve certain plastics. These
dissolved plastics can be deposited in the
expansion valve or at the restrictor after they
cool down.

The valve will become obstructed.

Therefore, always use original spare parts at
seals.

o
Refrigerants and metals @

Refrigerant R134a is chemically stable in its pure
state. It does not attack iron and aluminium.
Contamination of the refrigerant, e.g. with
compounds of chlorine, however, can lead to
certain metals and plastics being attacked. This
can result in obstruction, leaks or deposits at the

208_120

compressor piston. Therefore, always use R134a
compatible original spare parts. Always use original spare parts.

For this reason, air conditioners can only be
converted from refrigerant R12 to R134q,
including refrigerant oil, according to special

guidelines of the manufacturer (retrofit-process). Conversion from

refrigerant R12 to R134a
en Al Volkswagen 4 Yope

Refrigerant circuit and impurities Joretes
« 06\3

A refrigerant circuit filled with refrigerant R]S@c

can be cleaned: \z‘”

in order to remove impurities, mmsfure@r old
refrigerant, the refrigerant circuit is g,liéoned with
dried compressed air and then dere%ls’rurlsed
with nitrogen.

e
&g,

Orin iy,

This is necessary when

— the refrigerant circuit was opﬁned during its
normal lifetime (e.g. after G@GCC|den’r),

— there is doubt regarding ’rhe‘q‘”fdmoun’r of refri-
gerant oil contained in the c’éf:cm’r

— the compressor has to be repiuced due to
internal damage.

\'i\vf\%”“"

The gas mixture emerging from corfqgonen’r parts
of the refrigerant circuit must be drqw&n off using
workshop suction apparatus.
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Fault diagnosis through pressure
testing

For service work, there are terminals for the
Service Recycling Station in the low-pressure and
high-pressure ranges

for filling

for emptying

for evacuating and

for pressure testing.

To perform a pressure test, the pressure gauges
of the station are connected. The pressure test is
performed with the air conditioner switched on.
\l
M./ A pressure test involves intervening in
the refrigerant circuit via the service
o connections.
The hoses of the pressure gauges will
always contain residual refrigerant.
Therefore, pressure tests may only be
performed at air conditioner service
points by specialist personnel.

e Nage

qovsH?
The ambient temperature when the ggx\g‘ﬁne is not
running always affects the pressg?% in the
refrigerant circuit. &

>

&
Using the test data for ’rhfe hlgh pressure side
and the low-pressure s&ge the system can
identify whether an cm‘ conditioner is operating
properly when the englne is running.

I‘i;}

The measured values must be compared with
the test data of thé“ vehicle-specific refrigerant
circuit according fé the Workshop Manual, as
they vary greatly ﬁ:om one vehicle type to

another.

(gjz'a‘x‘i* o

The pressure dlogroms show the tolerance
ranges for systems erhiqn expansion valve and
systems with a restrictor.

o

o AG. Volkswa
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2,2

2,1

— bar
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i
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16
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High-pressure service connection
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Fault diagnosis through self-diagnosis

Not all air conditioners have self-diagnostic
capability.

Self-diagnosis is used very little in the case of
manual air conditioners (they have either no or
very few sensors/actuators/control units).

In some manual air conditioners, however, the
circuit for the compressor and the sensors of the
safety cut-out are registered by the self-
diagnosis.

Automatic air conditioners with control units
usually have self-diagnostic capability.

The address word for the self-diagnosis:

202 002

08 - Air conditioner/heating electronics

Self-diagnosis can be performed with

Vehicle Diagnostic, Testing and Information
System VAS 50517,

with Vehicle Systems Tester V.A.G 1552 or with
Fault Reader V.A.G 1551.

wagen AG. Volkswagen %Gﬁ‘?\
S8g

Faults which impair the operation of an

RN

automatic .,@@

air conditioner are stored in ’rh%\:&ulf memory of
the air conditioner control u@?

In some systems, e.g. CLII\@ATRONIC faults of
this type are indicated %?\ ) the display unit when
the ignition is swnched%on (all the symbols flash
for several seconds).

208 122

Orip Wf?(:;

The self- iﬂgnosis functions and the
self- dlogr‘FoSIS procedure are explained
in detail @ the Workshop Manual

for the heghng and air conditioning

system of fﬁe vehicle type.
Self- dlqgno’@s can be performed by any
workshop, b%ause the refrigerant
circuit is not of@ec’red by this procedure
(i.e. it is not opeiigd

J
Y,
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Information

Key cooling system terminology

The cooling system air-conditions the vehicle The principles of cooling engineering are
interior using the laws of physics. A chemical easier to understand with a knowledge of the key
medium, the refrigerant, is used for heat terms:

exchange.

Heat O  anenergy form — measurable by the temperature in degrees

— by the quantity of energy in Joules (calories)
can be stored or
states can change = slight temperature rise (heat absorption)

or = slight temperature decrease (heat dissipation)
= always propagates towards
lower temperatures.
Cold O isinfact only a low degree of heat.

Temperatures below the freezing point of water
are generally referred to as cold.

Critical point O  above this point, there is no interface between liquid and vapour. A
substance is always in a vapour state above the critical point. If a gas is
heated above the critical point, liquefaction will no longer be possible.

Boiling point O  The temperature at which a substance changes from a liquid to a gas. The
bm!&n&ypﬂm‘ﬁé&?ﬂw@% giepenclenf the boiling point increases as pressure
@\O@fﬁc?eoses Of%
.\:;:,@ ,"&;‘?
s S
Dew point ,,Q@Q*Q 0 the temperature at which the sa’rurdhoﬁyﬂpomf is reached as the result of
@
Q:;S* cooling of a gas with a specific water vqp@ur content. When the gas cools
§ down further, some of its vapour content pre‘zlpl'ra’res on the cooling surface
§ in the form of a "condensate”. %
Conden§%hon [0 this time the change of state is from a gas to a liquid.
@ ®
£ 5
E S,
Refrigerant O  the chemical medium used for the heat exchange process.
] . 3
§ Depending on the pressure and temperature 3
s conditions, the refrigerant exists in a gaseous or liquid state in the air
2 conditioner. The refrigerant cools down when it exp;%nds.
jo
Cooli 8
through O if pressurised gas can suddenly expand via a valve,
T . . . g .
expunﬁ%n — it will cool down in the process, e.g. when defé;&hng the tyres.
2, The pressurised air flowing out of the valve is cool.
4@‘%@ 5‘55:? |
%, &@Q
n,-{?( o
4, Ny
", o
G(:};; i@'}a
6
A
(Q’Q:}




Water vapour content of the air

Saturation quantity of water vapour in air at
100% relative humidity and normal air pressure

Temperature Quantity 30
°C (g/ m°)
-5 3.25 ;f
0 4.85 L2 f
5 6.80 5 ;#
10 9.41 T 20
15 12.84 f
18 15.39 2 ;#
19 16.32 g1 /
20 17.32 S /
21 18.35 % 10 .
22 19.44 2 /
w

23 2061
5 /
24 2181 : /

25 23.07
26 24.41
27 25
28 ‘

10 15 20 25 30

Temperature ~——°C

208 103
(g/m3) is the water content in 1 m3 of air.

Relatﬁle given in %, the ratio of water vapour quantity in the air to max. possible

atmospheric 00  water vapour quantity in air.

U The table shows how many g of water per m? the air can hold at various

temperatures. 100% saturation is shown. The higher the temperature, the

larger the quantity of water in the air.
The rule of thumb is: at a temperature of 10 t
air in g/m? is roughly the same as the tem

°C, the water content in the
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Thermosphere

60-1-

Stratosphere




