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(5'/) Abstract

In a vehicle air conditioning system an air heating device
(11) is positioned upstream of an air cooling unit (13). Upstream
heating is used to load the air temperature before the air reaches
the air cooling unit (13) so as to consequently increase the heat flux
across the air cooling unit (13). The external operational temperature
window for the air conditioning cycle is consequently widened
because the system is able to tolerate a lower ambient external air
temperature range.
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Vehicle A' Condationan

The present rnvention relates to vehicle air conditioning.

10

15

Vehicle air conditioning systems are known which comprise

evaporators positioned to cool airflow upstream of heater
units, which heater units are operable to add heat to the

air downstream of the evaporator when required. The

evaporator also acts as a de-humidifier for the air. Air

is drawn in from the exterior of the vehicle, or re-
circulated from the vehicle cabin and directed through one

or both of the evaporator and heater dependent upon the

ambient conditions (such as the humidity or temperature
of the air passing through the system) and the system

requirements set by the passenger.

20

25

30

The temperature difference between the refrigerant fluid
in the evaporator and the air passing through the

evaporator provides the driving mechanism which causes

heat transfer to occur. The greater the ambient

temperature, the greater is the heat flux between the

ambient air and the evaporating medium; consequently the

easier it is for the refrigerant to achieve the required
enthalpy rise in the evaporator to effect full evaporation

of the refrigerant. Nhen ambient temperatures are low

(such as in cold climates) achieving an enthalpy change

sufficient for adequate evaporation of the refrigerant in
the evaporator becomes a problem. A level is reached at
which ambient air temperature is so low that complete

evaporation is not possible. When this occurs, the system
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becomes increasingly inoperable because, amongst other
things, incompressible (un-evaporated) refrigerant. can
enter the compressor driving the system.

Attempts have been made to alleviate the above mentioned
problems by directing heat from other sources to heat the
refrigerant downstream of the evaporator.

An improved arrangement has now been devised.
10

According to the present invention, there is provided a

vehicle air conditioning system comprising:

i) an air cooling unit; and,
15

ii) air heating means positioned upstream of the air
cooling unit.

20

25

The invention operates by utilising the upstream heating
means to load the air temperature before the air reaches
the air cooling unit so as to consequently increase the
heat flux across the air cooling unit. The external
operational temperature window for the air conditioning
cycle is consequently widened because the system is able
to tolerate a lower ambient external air temperature
range. Furthermore the humidity control of the
conditioned air may be improved.

30

It is preferred that the air cooling unit comprises part
of a refrigerant fluid circuit, the air cooling unit
preferably comprising an evaporator.
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Desirably the system further comprises second air heating
means arranged downstream of the air cooling unit, the
second air heating means oreferably comprising a

condenser. The condenser comprising the second air heating
means beneficially comprises part of a refrigerant fluid
circuit.

A refrigerant fluid circuit comprising the air
conditioning system desirably includes:

10

i) an evaporator comprising the air cooling unit;

ii) a condenser arranged downstream of the air
cooling unit;

15

ii) a condenser remote from the flow of conditioned
air; and,

20

iii) switching means for switching the flow of
refrigerant to pass through the evaporator and

preferentially one or other of the condensers

25

The refrigerant fluid circuit preferably comprises sub
circuits each having a common portion passing through the
evaporator and discrete portions each having a respective
condenser.

30

Heater bypass means is beneficially provided enabling at
least some of the air flow to bypass the heating means.

The bypass means is preferably adjustable permitting
varying proportions of air to pass through and bypass the
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heating means according to system requirements.
Alternatively, or additionally, the output of the heater
means may be manipulated to vary or prevent the heating
effect on the airflow. This potentially eliminates the
requirement for heater bypass means, for example where

spatial limitations dictate.

10

Where second air heating means is provided downstream of
the air cooling unit, it is preferred that bypass means is
provided enabling at least some of the air flow to bypass
the second heating means.

15

The air heating means upstream of the air cooling unit may

comprise a heater supplied with heat from the engine
cooling circuit of the vehicle, or, alternatively, an

electrical heating device. Other heating arrangements are
also envisaged making use of other heat sources of the
vehicle, for example fuel burners or waste heat from other
sources.

20

According to a second aspect, the invention provides
method of controlling a vehicle air conditioning system
comprising:

25 i) an air cooling unit; and,

30

ii) air heating means positioned upstream of the air
cooling unit;
the method comprising:

a) monitoring system demand and/or ambient
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conditions interior and/or exterior of the
vehicle; and,

b) modifying the passage of air in response to
the monitoring of step a) to change the
proportion of air by passing the heater to
vary between 0-100 percent; and/or,

10

c) modifying the heat output of the heating
means; and/or

d) modifying the cooling effect of the cooling
unit

15 The invention will now be further described in specific
embodiments by way of example only and with reference to
the accompanying drawings in which:

Figure 1 is a schematic layout of a preferred system
20 according to the invention;

Figure 2 is a schematic layout of an alternative
embodiment of a system according to the invention; and

25 Figures 3 to 7 show alternative configurations of
controlled air flow through the system of Figures 1 and 2

to achieve different results.

30

Referring to the drawings, and initially to Figure 1,

there is shown an air conditioning system 101 comprising
a refrigerant circuit including a compressor 1, primary
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condenser 4, thermal expansion valve 7a and evaporator 13.

Compressor 1 compresses the refrigerant vapour to a high
pressure and temperature. A directional valve 2 has an
inlet from the compressor and can be configured to direct
flow toward the primary condenser 4. The condenser 4 is
located at the front of the vehicle bay, behind the air
inlet grill of the vehicle (not shown) . Air is passed
through the primary condenser 4 aided by a fan 5.

10

15

20

Subsequent to exiting the condenser 4, the refrigerant is
directed through one way valve 3c to a receiver-dryer 6a.
Receiver-dryer 6a acts as a reservoir for refrigerant that
accommodates variation in demand from the refrigeration
circuit. It also separates condensed liquid refrigerant
from vapour refrigerant to ensure that only liquid phase
refrigerant passes to the expansion valve 7a. Receiver-
dryer 6a commonly contains a desiccant designed to remove

any moisture from the circulating refrigerant (and also
commonly contains filter material to entrap any

particulate impurities).

25

Thermal expansion valve 7a performs irreversible,
adiabatic expansion of the condensed liquid into low

pressure liquid ready for evaporation in the evaporator
13. The throttling function of expansion valve 7a is
controlled through feedback of temperature and pressure
for vapour exiting the evaporator 13.

30

The evaporator 13 is positioned in ducting 16 at one end

of which is an air inlet 8 (which may be either a "fresh-
air" intake Sa from externally of the vehicle, or a
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10

circulating air intake 8b from inside the veh cle — or a

proportion from each according to the position of diverter
9c) . The ducting 16 extends to in-cabin distribution
vents 15 distributing the conditioned air into tne vehicle
cabin. A blower and motor 10 draws air into the
distribution ducting 16. Within the ducting 16 air flow
diverters 9a, 9b direct the air flow to follow one of
several potential selected paths. In the ducting 16,

upstream of the evaporator 13 is provided a heater 11.

This heater facilitates heat transfer to the air crossing
across it such that the air is heated from passage through
this component.

15

Downstream of heater 11 and immediately upstream of
evaporator 13 is positioned an optional filter 12 used to
filter particulate matter and also vehicle pollutant (eg

NOx) from the air being passed into the vehicle cabin
environment.

20

25

30

Downstream of evaporator 13 is positioned a secondary
condenser 14 to provide a heat source that can be used to
heat air, having passed through evaporator 13, prior to
distribution into the interior of the vehicle cabin.
Valve 2 is switchable to cause refrigerant flow (under the
influence of compressor 1) through the secondary condenser
14 rather than the primary condenser 4. The refrigeration
circuit t.hereby effectively comprises two sub-circuits
having a common portion (including a common evaporator)
and separate, alternative switchable portions including
separate condensers. The nature and purpose of the
switching between sub-circuit portions is described in
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detail below.

Respective diverters 9a and 9b are positioned immediately
upstream of respective heater 11 and secondary condenser
14 and switchable (by the air conditioning control)
between positions in which air is permitted to pass
through the relevant heater 11 or secondary condenser 14,

or substantially inhibited from doing so.

10

15

The heater ll, evaporator 13 , secondary condenser 14 and
airflow diverters 9a, 9b comprise the main air conditioning
and distribution components for the vehicle air
conditioning system. In use, control of the system may be

used to produce various air conditioning effects depending
on the desired, and ambient, conditions.

20

25

30

The arrangement shown in Figure 2 is generally similar to
the arrangement shown in Figure 1, however the receiver
dryer 6a and expansion valve 7a are replaced with an

accumulator 6b and orifice tube 7b. Accumulator 6b acts
as a reservoir for unevaporated refrigerant, and also
separates unevaporated refrigerant from vapour to ensure
that only vapour passes to the compressor 1. Accumulator

6b removes moisture from the circulating refrigerant and

can trap particulate impurities. Orifice tube 7b,

similarly to expansion valve 7a, performs irreversible
adiabatic expansion of condensed liquid into low pressure
liquid ready for evaporation in evaporator 13. For more

sophisticated orifice tube designs, the orifice can be

varied to increase system flexibility in response to
refrigeration demand fluctuation.
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Referring additionally to Figures 3 to 7, the operation of
the air conditioning system according to the invention can
be varied by the air conditioning control according to
external and/or desired internal conditions.

10

15

20

As shown in Figure 3, during cold or sub zero ambient
temperature conditions, the principle requirement is to
heat the in-cabin environment. Where external temperature
levels are sensed to be below a determined lower limit,
the air-intake 8 is controlled such that diverter 9c

closes external air intake Ba such that external air is
prevented from accessing the in-cabin system. Air drawn

from inside the vehicle, through action of the blower unit
10 drawing air through recirculation intake Bb, to
facilitate complete air recirculation. The airflow is
directed, utilising air flow diverter 9a, across the
heater 11. This raises air temperature (dependent upon

the heat energy available from heater 11) to the desired
level. Evaporator 13 temperature sensing delays operation
of the refrigerant circuit until a predetermined minimum

temperature air-on criterion is reached.

25

Once the minimum air temperature criterion is reached,
operation of the refrigeration circuit is commenced by
engaging compressor 1, causing high pressure/temperature
refrigerant vapour to be directed toward valve 2.

Diversion of vapour toward component 14, the secondary
condenser, is achieved through action of valve 2.

30 Upon entering the secondary condenser 14, the refrigerant
vapour is encouraged to condense via heat exchange with
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the airflow across unit 14, thereby releasing the latent
heat of condensation to the air-stream and raising its
temperature. Uoon exit from unit. 14, refrigerant liquid
(and any residual vapour) travel to the receiver drier
unit 6a, via the unidirectional valve 3b. Valve 3c avoids
flow into the redundant circuit to unit Within

10

receiver-dryer 6a, the refrigerant liquid is filtered,
desiccated, stored and separated from any vapour fraction.
This action ensures only high pressure liquid is drawn

from receiver-dryer 6a to enter the expansion valve 7a.

15

20

25

Expansion valve 7a facilitates irreversible, adiabatic
expansion of condensed liquid into low pressure liquid
ready for evaporation in evaporator 13. The throttling
function of this valve is controlled through temperature
and pressure feedback measurement from the vapour
condition exiting the evaporator 13. Upon entry into the
evaporator, the refrigerant liquid is encouraged to
evaporate via heat exchange with the airflow across unit
13, thereby drawing the latent heat for vaporisation from

the air stream and lowering the air stream temperature
(the air temperature having been previously raised via
passage through heater unit 11). Upon exit from unit 13,

refrigerant vapour travels back to the compressor
component 1.

30

Operating in the mode described and shown in figure 3,

recirculated air is heated by component 11, passes across
optional filter 12 and enters the evaporator 13. Heat

exchange takes place across 13, resulting in the
consequent lowering of the air temperature. This
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10

encourages denumidification because the vapour solubility
for moisture is reduced with reducing temperature and

moisture from the air stream is encouraged to condense
upon the colder surface evaporator 13. Cooled air with
reduced humidity exits from evaporator 13 and is directed,
via the action of diverter 9b, onto the secondary
condenser 14. The enthalpy drawn from the air during
passage across the evaporator 13 (latent heat of
vaporisation), is now relinquished to the air via the
condensing action of the refrigerant within secondary
condenser 14. The reduced humidity air is then directed
to the mixing and distribution section 15, and

subsequently into the car interior airspace via ducts and

vents.
15

20

The recirculation mode is controlled against the
temperature levels within the heater 11. When sufficient
temperatures are reached in this heater 11 to heat an

influx of ambient, external air above the minimum

evaporator air on temperature criterion, then such fresh
air is introduced to avoid potential, excessive
dehumidification of the in-cabin environment, and

subsequent vehicle occupant discomfort.

25 To facilitate the most rapid cabin warm-up, it is
desirable that the air-intake initially adjusts to
facilitate complete air recirculation as described above.
External air would therefore not be allowed access inside
the in-cabin system initially.

30

As shown in figure 4, following initial operation in total
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recirculation mode, recirculated air versus fresh air
ratios for intake mixtures will reach fractions
representing increased fresh air proportion at shortened
timescales.

10

15

When ambient temperatures are cool (as opposed to
cold/freezing) only small levels of heating might be

required in-vehicle. Under such conditions, air drawn

from outside the vehicle, through action of the blower
unit 10, would be directed, utilising diverter 9a, both
across (and around if necessary) the heater source 11,

with the aim of achieving a predetermined air temperature
condition prior to passage across the evaporator 13. With

the refrigeration circuit inoperable, conditioned air
would flow through the filter component 12, across the
non-functioning evaporator 13, by-pass the secondary
condenser 14 via diversion from diverter 9b, and on into
the distribution chamber 15 for direction into cabin.

20

25

As shown in Figure 5, during mild conditions, the
requirement might be for fresh air only to be allowed
ingress into the cabin. In such a mode, both the heater
source 11, and the secondary condenser should be by-

passed. By-passing the evaporator is not necessary.

30

Air drawn from outside the vehicle, through action of the
blower unit 10, is directed to by-pass the heater source
11, utilising diverter 9a. The air passes across filter
12 and passes through evaporator 13. No heat exchange
would take place during passage through evaporator 13,

because the refrigeration circuit is non-operational.
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Unconditioned air exits evaporator 13 and is directed, via
the action of diverter 9b, to by-pass the secondary
condenser 14. This unconditioned air would then be

directed to the mixing and distribution section 15, and
subsequently into the car interior airspace via ducts and
vents.

10

15

As shown in Figure 6, during warm ambient conditions, the
requirement might be for fresh air to be allowed ingress
into the cabin at a specific temperature. Air drawn from
outside the vehicle, through action of the blower unit 10,
would be directed, utilising diverter 9a, both across, and
around if necessary, the heater source ll. This could
achieve a set air temperature condition prior to passage
across the evaporator unit 13.

In this mode, the conventional refrigeration cycle
operates. Compressor 1 engages, and high

20

pressure/temperature refrigerant vapour is directed by
valve 2 toward the primary condenser 4.

25

Upon entering the primary condenser 4, the refrigerant
vapour is encouraged to condense via heat exchange with
the underbonnet airflow across unit 4, thereby releasing
the latent heat of condensation to the underbonnet air
stream and raising its temperature. Upon exit from unit
4, refrigerant liquid (and any residual vapour) travel to
the receiver drier unit 6a, via the unidirectional valve
3c.

30

Within component 6a, the refrigerant liquid is filtered,
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10

desiccated, stored and separated from any vapour fraction.
This action ensures only high pressure liquid is drawn

from component 6a to enter the expansion valve component

7a. This expansion valve facilitates irreversible,
adiabatic expansion of condensed liquid into low pressure
liquid ready for evaporation in evaporator 13. The

throttling function of this valve is controlled through
temperature and pressure feedback measurement from the
vapour condition exiting the evaporator 13. Upon entry
into the evaporator, the refrigerant liquid is encouraged
to evaporate (within the evaporator unit) via heat
exchange with the airflow across unit 13 (outside the
evaporator unit), thereby drawing the latent heat for
vaporisation from the air stream and lowering its
temperature (the air temperature having been previously
conditioned via air passage through and/or around heater
unit 11) . Upon exit from evaporator 13, refrigerant
vapour travels back to the compressor 1.

20

25

30

Partially conditioned air resulting from passage through,
and around heater component 11, passes across the filter
12 and impacts upon the evaporator 13. Heat exchange

takes place across evaporator 13, resulting in the
consequent lowering of the air temperature to the required
temperature level. Additionally, dehumidification is
encouraged because moisture from the air stream is
encouraged to condense upon the colder surface of
evaporator 13. Conditioned air with reduced humidity
exits from evaporator 13 and is directed, via the action
of flap 9b, to by-pass the non-operational, secondary
condenser 16. The air is then directed to the mixing and
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distribution section 15, and subsequently into the car
interior airspace via ducts and vents. The relative
mixing of the fresh air, heated air and evaporator duty
beneficially requires algorithmic control to achieve the
optimum temperature balance.

10

15

As shown in Figure 7, during hot ambient conditions, the
requirement is for cooled, fresh air to be allowed ingress
into the cabin at a specific temperature. Air drawn from

outside the vehicle, through action of the blower unit 10,

is directed, utilising diverter 9a, to by-pass the heater
source 11. In this mode, the conventional refrigeration
cycle would operate as described above (in relation to
figure 6) and as air impacts upon the evaporator unit 13,

heat exchange takes place across component 13, resulting
in the consequent lowering of the air temperature to the
required temperature level.

20

25

Additionally, dehumidification is encouraged because the
vapour solubility for moisture is reduced with reducing
temperature. Conditioned air with reduced humidity exits
from evaporator 13 and is directed, via the action of
diverter 9b, to by-pass the non-operational, secondary
condenser 14. The air is then directed to the mixing and

distribution section 15, and subsequently into the car
interior airspace via ducts and vents. The evaporator
duty might require algorithmic control to achieve the
correct temperature balance.

30
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Claims:

1. A vehicle air conditioning system comprising:

i) an air cooling unit; and,

ii) air heating means positioned upstream of the air
cooling unit.

10

2. A vehicle air conditioning system according to claim

1, wherein the air cooling unit comprises part of a

refrigerant fluid circuit.

15 3. A vehicle air conditioning system according to claim
1 or claim 2, wherein the air cooling unit comprises
an evaporator.

20

4. A vehicle air conditioning system according to any

preceding claim, further comprising second air
heating means downstream of the air cooling unit.

25

5. A vehicle air conditioning system according to claim
wherein the second air heating means comprises a

condenser.

30

A vehicle air conditioning system according to claim
5, wherein the condenser comprising the second air
heating means comprises part of a refrigerant fluid
circuit.
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A vehicle air conditioning system according to claim
5 or claim 6, wherein a refrigerant fluid circuit
comprising the air conditioning system includes:

i) an evaporator comprising the air cooling unit;

ii) a condenser arranged downstream of the air
cooling unit;

10 iii) a condenser remote from the flow of conditioned
air;

15

iv) switching means for switching the flow of
refrigerant to pass through the evaporator and

preferentially one or other of the condensers

20

8. A vehicle air conditioning system according to claim
7, wherein the refrigerant fluid circuit comprises
sub circuits each having a common portion passing
through the evaporator and discrete portions each
having a respective condenser.

25

A vehicle air conditioning system according to any

preceding claim, wherein heater bypass means is
provided enabling at least some of the air flow to
bypass the heating means.

30

10. A vehicle air conditioning system according to any
preceding claim, wherein heater output may be varied
to alter or prevent the heating effect on the
airflow.
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11. A vehicle air conditioning system according to claim
9, wherein the bypass means is adjustable permitting
varying proportions of air to pass through and bypass
the heating means according to system requirements.

10

12. A vehicle air conditioning system according to any
preceding claim, further comprising second air
heating means downstream of the air cooling unit, and
second heater bypass means is provided enabling at
least some of the air flow to bypass the second
heating means.

15

13. A vehicle air conditioning system according to claim
12, wherein the second bypass means is adjustable
permitting varying proportions of air to pass through
and bypass the second heating means according to
system requirements.

20 14. A vehicle air conditioning system according to any

preceding claim, wherein the air heating means

upstream of the air cooling unit comprises a heater
supplied with heat from the engine cooling circuit of
the vehicle.

25

30

15. A vehicle air conditioning system according to any of
claims 1 to 13, wherein the air heating means

upstream of the air cooling unit comprises an

electrical heating device.

16. A method of controlling a vehicle air conditioning
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system comprising:

i) an air cooling unit; and,

ii) air heating means positioned upstream of the air
cooling unit;
the method comprising:

10

a) monitoring system demand and/or ambient
conditions interior and/or exterior of the
vehicle; and,

15

b) modifying the passage of air in response to
the monitoring of step a) to change the
proportion of air by passing the heater to
vary between 0-100 percent; and/or,

c) modifying the heat output of the heating
means; and/or,

20

d) modifying the cooling effect of the cooling
unit

25

17. A vehicle air conditioning system substantially as
herein described, with reference to the accompanying

drawings.

30

18. A method of controlling a vehicle air conditioning
system substantially as herein described, with
reference to the accompanying drawings.
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