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@ Improvements in and relating to temperature contol of refrigerated vehicles.

&) An apparatus for controlling the temperature of
one or more enclosed spaces is described. It com-
prises a heater (42), a heat exchanger (32), an air
path which connects a suction passage (1 4) and a
discharge passage (16) and contains an air circula-
tion means (34). The suction and discharge pas-
sages (14, 16) are connected to each enclosed
space by vents, which are selectively operable in
response to the temperature iri the space to allow
passage of air therethrough. The system can operate
in two modes, one, when cool air is required, in
which the air path includes the heat exchanger alone
and a second, when a change to hot air is required,
where it includes the heater. In the second mode, in
™= one embodiment, the air path passes over the heater
alone so that hot air is immediately available, while,
¢\Jin a second embodiment, the air passes over both
IWthe heater and heat exchanger so that hot air passes
N’chrough the heat exchanger to raise its temperature.
(O The advantage of the arrangement is that the ap-
oparatus can be rapidly switched from cooling to
mheatmg allowing efficient and accurate temperature
€ control.
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This invention relates to refrigerated vehicles
such as lorries, vans, trailers and semi-trailers and
refrigerated containers used for carrying fresh, chil-
led or frozen foodstuffs, or other goods whose
temperature must be controlled and in particular to
the temperature control of the load space of such
vehicles and containers. The invention especially
relates to the temperature control of the compart-
ments of mult-compartmental vehicles or contain-
ers, that is, vehicles or containers whose load
space is divided into two or more compartments.

In known refrigerated vehicles, a refrigeration
unit is employed to maintain the temperature at
that required for the goods being carried. The
refrigeration unit normally extracts heat, in order to
cool the temperature of the air so that, for example,
frozen foodstuffs may be carried. However, it is
common for the refrigeration unit also to be ar-
ranged so that it is also capable of heating the air
when a high compartment temperature is desired,
for example, in cold weather when damage to fresh
cargo could occur.

In one known temperature control arrangement
for muiti-compartmental vehicles, the refrigeration
unit has been located in the compartment which is
to be kept at the lowest temperature. The compart-
ments are all interconnected by air ducts, which
may be located in the movable bulkheads which
form the compartments or in the walls of the com-
partments, in which are positioned fans. When an-
other compartment is to be cooled, the air ducts
between the compariment containing the refrigera-
tion unit and the compartment to the cooled and
any intermediate compartments are opened and
the fans operated to cause cold air fo be trans-
ferred to the second compariment. Temperature
probes in each of the compartments control the
opening of the ducts and operation of the fans.

This arrangement has the disadvantage that
individual temperature conirol of each of the com-
partments is not possible, only the compartment
containing the refrigeration unit being able to be
either heated or cooled. For example, if the com-
partment is being cooled then tbe other compant-
menis can also only be cooled.

In order to overcome this problem it has been
suggested to provide an auxiliary chamber at the
front of the vehicle or container between a 'false'
butkhead and the front bulkhead and to locate the
heat exchanger and fan in the auxiliary chamber.
Two plenum chambers are provided, each of which
has shuttered openings connecting it to each of the
compartments. One plenum chamber serves to car-
ry air from the heat exchanger and the other serves
to return it thereto. By opening the appropriate set
of shutters, the temperature of a particular com-
partment can be controlled. With a laterally divided
container, the plenum chambers extend the length
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of the container whilst with a longitudinally divided
container they extend across the width. The ar-
rangement allows independant temperature control
of all the compartments.

However, with both a single compartment ve-
hicle and the multi-compartment arrangements de-
scribed above, a problem arises when it is desired -
to swiich from cooling to heating. The problem is
that it is not possible to rapidly change from one to
the other since the heat exchanger takes a certain
amount of time to reach the correct temperature.
This introduces a time delay in the operation which
reduces the efficiency of the system at maintaining
the compartment or compartments at the desired
temperature(s).

in accordance with the invention an apparatus
for controlling the temperature of at least one en-
closed space comprises a heater, a heat exchang-
er, an air flow path which connects a suction pas-
sage and a discharge passage and contains at
least one air circulation means, the suction and
discharge passages being connected to the space-
(s) by selectively operable vents, and means for
controlling the operation of the vents in response to
the temperature in the space(s), the system being
capable of selective operation in one of two modes,
a first mode in which the air flow path includes the
heat exchanger alone and a second mode in which
the air flow path includes the heater.

The provision of a separate heater and an
arrangement where the air flow path can include
the heater means that switching from cooling to
heating of an enclosed space can be achieved
substantially more quickly than in known tempera-
ture control installations. The arrangement further
permits individual temperature control of a plurality
of spaces and the speed of switching from cooling
to heating is particularly advantageous when a
number of spaces are to have their temperature
controlled, since one space can be cooled and,
without any significant time delay, another space
can be heated.

In a first preferred embodiment, means are
provided whereby the air flow path can be ar-
ranged to either pass through the heat exchanger
alone or to bypass the heat exchanger and pass
through the heater. This embodiment allows prac-
tically instantaneous switching from cooling to heat-
ing, and vice-versa. Further the heat exchanger
need only be capable of cooling air.

In a second preferred embodiment, the heat
exchanger has to be capable of both heating and
cooling air, and means are provided whereby the
air flow path can be arranged to either pass
through the heat exchanger alone or to pass
through both the heat exchanger and the heater.
With this embodiment, when the temperature of a
space needs to be raised, the heat exchanger is
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switched from cooling to heating, the heater is
activated, and the air flow path is arranged to go
through both the heat exchanger and the heater.
The hot air from the heater serves to very rapidly
bring the heat exchanger to the correct operating
temperature, at which point the vents to the space
where heating is required are opened. The advan-
tage of this arrangement is that only a relatively
small heater is required since the combined effect
of the heat from the exchanger itself and the hot air
circulating across is that the switch from cooling to
heating, whilst not instantaneous, is very quick.

Suitably the arrangement is such that air can
pass from the suction passage to both the heater
and the heat exchanger both of which have air
circulation means, preferably in the form of a fan,
associated therewith. The discharge plenum is ar-
ranged to receive air both from the heater and the
heat exchanger, passage of air through both of
which occurs when the associated air circulation
means is activated.

In the first preferred embodiment, a flap is
provided which is movable between two positions,
a first position which allows air to pass over the
heat exchanger and a second position where pas-
sage of air to the heat exchanger is prevented.

In the second preferred embodiment, air from
the heater passes to the discharge passage via the
heat exchanger via a duct connecting the heater
casing and the heat exchanger.

The apparatus is very suitably employed in the
temperature control of the body of a refrigerated
vehicle or container, in particular one which is
divided into several compartments. Preferably the
body includes a false bulkhead which in use co-
operates with the front bulkhead to form a chamber
with which the suction and discharge passages
communicate. Suitably the heater is externally
mounted and is enclosed in a casing, the heater
casing being connected to the suction passage and
to the chamber.

Conveniently a thermostat is provided in each
compartment which senses the temperature there-
in, the thermostat(s) being connected to a control
means which is operable to activate the air circula-
tion means and/or the vents and/or the heater
and/or the heat exchanger and, in the first embodi-
ment, to move the flap from the first position to the
second position and vice-versa.

Suitably the vehicle body is divided laterally
into three compartments and comprises a longitudi-
nally extending chamber above the compartments,
the chamber being internally divided to form the
suction passage and the discharge passage. By
providing both the suction passage and the dis-
charge passage in a chamber above the compart-
ments rather than providing the discharge passage
above the compartments and the suction passage
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below the compartments, as is the case in some
suggested arrangements, space is saved and there
is no intrusion of the passages into the load-carry-
ing spaces making them irregular in cross-section
and reducing their load carrying capacity. More-
over, the air is directed downwards from the dis-
charge passage and sucked upwards into the suc-
tion passage which means that there is good mix-
ing of the air in the compartment whose tempera-
ture is being controlled and the temperature
change in the compartment is accelerated.

Advantageously, the false bulkhead is pivotedly
connected at its upper edge to the ceiling of the
body so that it can be moved into a position
closely adjacent and substantially parallel to the
ceiling. The heat exchanger is mounted to the front
bulkhead on the opposite side from the false bulk-
head and air passes to the exchanger from the
discharge passage via the chamber between the
pulkheads and then through an opening in the front
bulkhead. When a vehicle or container which has
bulkheads which can be moved into position to
divide it into compartments is to be used without
division, the false bulkhead can be swung away
and air returned to the heat exchanger via the
opening in the front bulkhead rather than the suc-
tion passage. The advantage of this is that the
available load space is increased. When compart-
ments are required the false bulkhead must be
swung back to a position separating the forward-
most compartment from the opening and the heat
exchanger.

The invention will now be further described by
way of example with reference to the accompany-
ing drawings in which:

Figure 1 is an oblique sketch of part of a
refrigerated vehicle incorporating apparatus in ac-
cordance with the invention;

Figure 2 is a simplified side view of the
apparatus of Figure 1:

Figure 3 is a similar view to Figure 2 but
showing the vehicle undivided;

Figure 4 is a section through a flap prefer-
ably employed with the apparatus of Figure 1;

Figure 5 is a side view of a first embodiment
of apparatus in accordance with the invention;

Figure 6 is a similar view to Figure § but
showing a different mode of operation;

Figure 7 is a side view of a second embodi-
ment of apparatus in accordance with the invention
and

Figure 8 is a similar view to Figure 7 but
showing a different mode of operation.

The body of the vehicle 2 shown in Figures 1
to 3 is divided by bulkheads 4, 6 into three com-
partments 8, 10 and 12. The roof of the vehicle
contains three ducts, two of which, 14a 14b, act as
suction passages, that is, air moves out of the

-
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compartments 8, 10 and 12 via openings 15 into
them, and one of which, 16, acts as a discharge
passage, air moving from it via openings 18, into
the compartments 8, 10 and 12. Passage of air
through the openings 15, 18 is controlled by selec-
tively operable flaps 20.

As illustrated in Figures 1 and 2, when the
temperature of a compartment is to be varied, in
this instance the middle compartment 4, the flaps
20 covering the openings 15, 18 between the suc-
tion and discharge passages 14, 16 and the com-
partment 4 are opened and air passes along the
discharge passage 16, down into the compartment
4, Air passes through the compartment 4 (see
arrows 22) and into the suction passages 14a and
14b. By having both the suction and discharge
passages 14, 16 in the roof of the vehicle 2, good
circulation of air is achieved as the arrows 22
illustrate. :

- Air discharges from the suction passages 14a
and 14b between one side of the front bulkhead 24
and a false bulkhead 26 (omitted from Figure 1 for
clarity) which is located at a distance from the front
bulkhead 24 so as to form a chamber 27 between
the two. The air passes through a grilled opening
28 in the front bulkhead 24 to a heat exchanger
mounted on the opposite side of the front bulkhead
24 and enclosed by a casing 29, as will be de-
scribed in greater detail below.

The false bulkhead 26 is preferably hinged,
see 30, to the ceiling of the vehicle 2. The advan-
tage of this is that when the vehicle 2 is to be used
with no divisions, as shown in Figure 3, the bulk-
head 26 can be swung away and load space is
thereby increased. The air then, instead of leaving
the single compariment via the suction passages
14, is simply sucked straight into the grilled open-
ing 28, through the bottom of chamber 27 which is
in effect a suction passage, and thence to the heat
exchanger. The only duct which is operational is
the discharge passage 16, and the fiaps 20 over
the openings 18 between this and the single com-
partment are operated sequentially to ensure an
even temperature distribution along the length of
the compartment.

It is important for efficient and effective tem-
perature control that the flaps 20, when closed, not
only seal well, that is, prevent passage of any air
into the appropriate compartment, but also do not
tend to open due to suction of air passing above
them. The reason for this is that, if the flaps do not
seal well, air of a temperature suitable for one
compartment will also enter another which could
adversely affect the second's temperature. This will
also happen if the flaps do not stay closed when
required and, further, if the flaps open, air from one
compartment may pass to another instead of
across the heat exchanger which will lead to the
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compartments tending to reach the same tempera-
ture and make individual temperature control im-
possible. In known arrangements either gravity
flaps were employed, which close under the action
of gravity and are opened by air pressure acting on
them, or electronically controlled shutter flaps were
used. Both types did not provide adequate sealing,
gravity flaps are not suitable when independant
compartment temperature conirol is to be achieved
and shutter flaps have a tendancy to spring open
when air passes over them.

A preferred form of flap 20 is shown in Figure
4 covering an opening 18 between the discharge
passage 16 and a compartment. This is generally
wedge-shaped, the thin end facing the direction of
incoming air from the heat exchanger. The flap 20
has a flexible sheet 29 secured therein such that its
two ends 29a, 29b are free. The ends 29a, 29b in
the closed position, as shown, abut against the
specially shaped edges of the opening 18 in the
roof which connecta the discharge passage 16 to
the compartment and this not only seals the open-
ing 18, but holds the flap 20 down. When the flap
20 is to open, a rod 31 which passes through and
is secured to its thick end is caused to rotate by
means which are not shown. The rod 31 preferably
also causes movement of the other flaps asso-
ciated with the compartment which cover the -open-
ings 18 between the compartment and the suction
passages 14, all the flaps connecting the passages
14, 16 and a particular compartment suitably being
aligned.

* The flap 20 rotates in the direction of arrow 33
which causes the end 29a of the shest 29 to move
into abutment with the roof of the passage 16 and
the other end 29b to move into. abutment with
another portion 35 of the edge of the opening 18.
The flap 20 then blocks movement of air further
along the passage 16 and thereby ensures maxi-
mum heating/cooling effect.

Preferably all the flaps are identical to that
described above and all the openings 15, 18 be-
tween the suction passages 14 and discharge pas-
sage 16 and the compartments are formed with
their edges as shown in Figure 4.

Figures 5 and 6 show one embodiment of an
apparatus for controlling the temperature of the
vehicle 2 described above. The apparatus com-
prises a heat exchanger 32 mounted in the front
bulkhead 26 and a fan 34, the heat exchanger 32
and fan 34 being covered by the casing 29. The
chamber 27 provided between the front and false
buikhead 24, 26 is divided into a lower portion 36
and an upper portion 38, which is broader due to
the angling of the faise bulkhead 26, by a divider
40, secured to the front bulkhead 24. The top end
of the angled portion of the false bulkhead is
hinged, see 39, to the roof of the vehicle so that it
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can be swung info the position shown at 26 for
maintenance of the apparatus. The apparatus fur-
ther comprises a heater 42 which has an asso-
ciated fan, not shown. The heater 42 is also en-
closed by a casing which is in air communication
with the suction passages 14a and 14b via duct 44
and with the discharge passage 16 by duct 46, via
the upper section 38 of the chamber 27.

The apparatus is shown in Figure 5 in the
cooling mode, that is, cool air is being circulated
through a compartment. The fan 34 associated with
the heat exchanger 32 is activated, the heat ex-
changer 32 is operating in the cooling mode and
the fan associated with the heater 42 is off. Air
from the compartment is sucked through the suc-
tion passages 14a and 14b by the fan 34 and
enters the lower portion 36 of the chamber 27
between the front and false bulkheads 24, 26 (see
48). Little if no air moves through the heater since
the associated fan is not operating. An opening 50
between the chamber 27 and the fan 34 is covered
by a flap 52 and the air therefore moves down the
lower portion 36 of chamber 27, through grilled
opening 28 and over the heat exchanger 32 where
it is cooled. The fan 34 returns the air to the
compartment via the upper portion 38 of the cham-
ber 27 and the discharge passage 16. The move-
ment of the air is shown by arrows 54.

To convert the apparatus to the heating mode,
as shown in Figure 8, the heater 42 is activated as
is its fan and the flap 52 is moved into a position
where it blocks passage of air down the lower
portion 36 of the chamber 27 to the heat exchanger
32 and uncovers the opening 50.

With this arrangement, air from the suction
passages is drawn not only into the lower chamber
portion 36, from whence it passes through opening
50 and back to upper chamber portion 38 under
the action of fan 34, but also across heater 42,
where it is heatéd, via ducts 44 and thence back to
upper chamber portion 38, via duct 46. The mixture
of air is returned to the compartment through dis-
charge passage 16.

Thus the supply of air to discharge passage 16
can be almost instantaneously changed from cool
air to warm air which means the temperature of the
compartments can be very accurately controlled
since there is no delay involved when warm air
needs to be supplied.

The heat exchanger 32 can be deactivated
during heating or it can continue operating ready
for an immediate switch back to cooling. The heat
exchanger therefore need not be capable of both
heating and cooling and this can save expense.
However if a heat exchanger which can aiso heat
air is employed, then when heating is required it

can be turned to heating and, once it has warmed ’

up, the flap 52 can be moved so that hot air is
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supplied to the compartments from both the heater
42 and the heat exchanger 32 which will aliow the
compartment temperature to be raised very rapidly.

A second emodiment of the temperature con-
trol apparatus is shown in Figures 7 and 8. This is
similar structurally to the first embodiment shown
in Figures 5 and 6 so like parts have been given
the same reference numerals and only the differ-
ences will be described. In this embodiment, no
flap or divider is provided in chamber 27. Instead
the suction passages 14a and 14b discharge adja-
cent the grilled opening 28. The inlet duct 54 to the
heater 42 is from the upper end of chamber 27
while the outlet duct 56 leads to the heat ex-
changer 32.

In the cooling mode, the arrangement is very
similar to the first embodiment in that the heater 42
and associated fan are not activated whilst the heat
exchanger 32 is operating to cool air and the
associated fan 34 is on. Air flows from the suction
passages 14a and 14b to the heat exchanger 32
where it is cooled and is then returned by fan 34
through the upper part of chamber 27 to the dis-
charge passage 16. (see arrows 58 in Figure 7). No
air moves along ducts 54 and 56 since the heater
fan is off.

To change from cooling to heating, all the
openings between the suction and discharge pas-
sages 14, 16 are closed by the flaps, the heater 42
and associated fan are activated and the heat ex-
changer 32 is turned over to heating mode:

With this arrangement, as illustrated in Figure
8, air is circulated by the two fans across the
heater 42 and the heat exchanger 32 via the cham-
ber upper 38, duct 54 and duct 56 (see arrows 60).

The effect of the hot air on the heat exchanger
is to accelerate greatly its transfer from cooling to
heating so that it rapidly reaches the required op-
erating temperature. The flaps between the appro-
priate compartment and the suction and discharge
passages are opened and air from the compart-
ment is again circulated across the heat exchanger,
see arrows 58 in Figure 7. The fan associated with
the heater 42 is still operational so that some air is
withdrawn from the upper chamber and passed
across the heater 42 and heat exchanger 32 (see
arrows 62).

The advantage of this embodiment is that first-
ly it is structurally simple and therefore inexpensive
to produce. Only a low power heater is required to
make a significant change to the rate of conversion
of the heat exchanger from cooling to heating.
Thus almost continuous temperaturs control of the
compartments can be achieved.

The false bulkhead 26 in Figures 7 and 8 has
an angled upper end as in Figures 5 and 6 but the
vertical portion of the bulkhead 26 is hinged to the
angled portion 54 and the upper end is hinged to
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the roof of the vehicle 39. The hinge 64 acts in the
same way as the hinge 30 in the arrangement of
" Figures 2 and 3 where the roof rather than the
bulkhead is angled, that is, it allows the false bulk-
head 26 to be swung up against the roof when a
single load space is required. The hinge 38 allows
inspection and maintenance of the upper portions
of the apparatus.

in both embodiments, the activation of the heat
exchanger 32 and its associated fan 34, the heater
42 and the associated fan and the operation of the
flaps 20 is conirolled by a central control unit. The
unit also controls the position of the flap 52 within
the chamber 27 in the embodiment of Figures 5
and 8. The control unit operates in response to
signals from temperature probes (not shown) in
each enclosed space whose temperature is to be
controlled. The control unit is set with the desired
temperature for each space when the vehicle or
container is loaded and gives the appropriate
instructions, depending on the difference between
the sensed and desired temperatures.

Both embodiments of the temperature control
apparatus can be employed with either muiti- com-
partmental or single compartment vehicles or con-
tainers or indeed any enclosed space or spaces.
The multi-compartmental vehicle described herein
is one which is divided laterally but the tempera-
ture control apparatus can be equally successfully
employed with longitudinally divided vehicles, the
only real difference being that the air passages
extend widthwise across the vehicle instead of
lengthwise.

The apparatus of the invention provides a rela-
tively simple and very efficient way of controlling
the temperature of one or more enclosed spaces
and in particular of a multi-compartment vehicle or
container.

Claims

1. An apparatus for controlling the temperature
of at least one enclosed space comprising a heat-
er, a heat exchanger, an air flow path which con-
nects a suction passage and a discharge passage
and contains at least one air circulation means, the
suction and discharge passages being connected
to the space(s) by selectively operable vents and
means for controlling the operation of the vents in
response to the temperature in the space(s), the
system being capable of selective operation in one
of two modes, a first mode. in which the air flow
path includes the heat exchanger alone and a sec-
ond mode in which the air flow path includes the
heater.

2. An apparatus as claimed in Claim 1 wherein
means are provided whereby in the second mode
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of operation, the air flow path bypasses the heat
exchanger.

3. An apparatus as claimed in Claim 1 wherein
in the second mode of operation the air flow path
includes both the heater and the heat exchanger.

4, Apparatus as claimed in any preceding

Claim wherein a first air path is provided which

leads from the suction passage to the heat ex-
changer and air circulation means associated there-
with, and a second air path is provided which leads
from the suction passage to the heaterand air
circulation means associated therewith, both paths
leading back to the discharge passage.

5. Apparatus as claimed in Claim 4 when de-
pendant on Claim 2 wherein a flap is provided in
the first air path which in one position allows air to
pass across both the heat exchanger and the asso-
ciated air circulation means and in a second posi-
tion allows air to pass across the air circulation
means alone.

6. Apparatus as claimed in Claim 4 when de-
pendant on Claim 3 wherein the second air path
also contains the heat exchanger.

7. Apparatus as claimed in any preceding
Claim wherein the enclosed space(s) comprise the
load carrying-compartment(s) of a refrigerated ve-
hicle or container.

8. Apparatus as claimed in Claim 7 wherein the
vehicle or container has a false bulkhead which can
be positioned adjacent the front bulkhead of the
vehicle or container to define a chamber there-
between which is in communication with both the
suction and discharge passages.

9. Apparatus as claimed in Claim 8 wherein the
false bulkhead is hinged to the roof of the vehicle
or container in such a way that it can be positioned
against and generally parallel to the roof.

10. Apparatus as claimed in either Claim 8 or 9
wherein the heat exchanger is mounted on the front
bulkhead, passage of air from the chamber to the
heat exchanger being via an aperture in the front
bulkhead.

11, Apparatus as claimed in any preceding
Claim wherein a temperature sensing means is
provided in each space, the sensing means being
connected to control means which is operable to
activate the air circulation means and/or the vents
and/or the heater and/or the heat exchanger.
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