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Description

[0001] This invention relates to a vehicle for transport-
ing refrigerating goods according to the preamble of
claim 1.
[0002] Known cryogenic refrigeration systems, for
transporting perishable foodstuffs and the like, comprise
heavily insulated liquid storage tanks which are capable
of holding liquid cryogen at several atmospheres pres-
sure. A distribution system is provided which utilises the
pressure within the storage tank to generate a spray of
cryogen within a container to reduce the temperature
within the container, and that of any perishable goods
therein. These systems are common in vehicular refrig-
erated trailers, or reefers, either instead of a or in com-
bination with a mechanical refrigeration unit.
[0003] Such conventional cryogenic refrigeration sys-
tems are complex and expensive to maintain and oper-
ate properly, and there is a need for a more efficient way
of utilising a cryogenic liquid for refrigeration of goods
in transit without loss of refrigeration performance.
[0004] United States patent 4 561 258 discloses a
system for delivering cryogenic liquids at low pressure
from an insulated container adapted for storing the cry-
ogenic liquid. An adjustable-length conduit feeds cryo-
genic liquid to the insulated container, in which a float
ball and valve regulate the liquid height. An outlet con-
duit at the bottom of the container permits liquid flow by
gravity out of the container.
[0005] The present invention provides a vehicle for
transporting refrigerated goods having a thermally insu-
lated container mounted thereto, comprising means for
storing a cryogenic liquid and means for discharging the
cryogenic liquid into the container in order to reduce the
temperature therein, characterised in that the container
includes valves which control the discharge of the cry-
ogenic liquid according to the temperature within the
container and in that the storing means is an atmospher-
ic pressure cryogenic liquid storage tank.
[0006] Such an arrangement, which can be embodied
in a relatively simple and inexpensive liquid storage tank
formed substantially of a foamed polymeric material,
such as polystyrene, is more easily and safely operated
than conventional cryogenic systems. Because the stor-
age tank need only be capable of containing an atmos-
pheric pressure (which may be assisted by the provision
of an appropriately set pressure relief valve), the amount
of cryogen it contains can be quickly gauged, with a suit-
able weight sensor, for example, and the problem of as-
sessing how much of the cryogen is in the liquid state
and how much in the gaseous state encountered in con-
ventional systems is immaterial. So, operators of appa-
ratus in accordance with the invention need less expen-
sive training.
[0007] The delivery of the cryogenic fluid from the
storage tank to the thermally insulated container for dis-
charging onto the refrigerated goods may conveniently
be effected by gravity. In a typical lorry or truck mounted

system this can be achieved by mounting the storage
means on top of the driver's cab. Additionally or alter-
natively a pump may be provided to deliver the cryogen-
ic fluid, however this may be disadvantageous as such
a pump would require a separate power supply. Be-
cause the cryogenic fluid pressures in both the storage
tank and the delivery lines from the storage tank to the
discharge means are substantially atmospheric, these
lines can be made inexpensively of plastics material, or
of much thinner insulated metal than those of conven-
tional, high pressure systems.
[0008] Discharge of the cryogenic fluid into the con-
tainer is by way of thermostatically controlled solenoid
valves, as is known in the art.
[0009] A further problem with conventional cryogenic
refrigeration transport systems arises where a simple
vehicle is used to make a number of separate deliveries,
each of a relatively small amount of refrigerated goods.
With conventional "multi-drop" systems there is frequent
opening and closing of the insulated container to re-
move goods, and each time this occurs the refrigeration
system is required to bring down the ambient tempera-
ture within the entire container, which is clearly ineffi-
cient.
[0010] United States patent 5 729 983 discloses a
container for the transportation of perishable food prod-
ucts which is divided into compartments into which a cry-
ogenic refrigerant is sprayed. Therefore, in a further as-
pect of the present invention a transportable refrigerated
goods container as defined and claimed herein is sub-
divided into a plurality of discrete compartments and a
plurality of discharge means is provided each being
adapted to discharge cryogenic fluid into a single com-
partment.
[0011] With such an arrangement, when delivering a
small load only one or two compartments need be
opened and, after emptying of their load, either returned
to their proper refrigerated temperature, or allowed to
remain at ambient temperature without affecting the oth-
er compartments. This aspect of the invention may suit-
ably be used in combination with the first invention de-
scribed above.
[0012] Compartmentalisation of the container may be
by simple, thermally-insulated partitions, however pro-
vision must be made for external access to each com-
partment without requiring any other compartment to be
opened. This can be achieved by way of a standard
sized thermally insulated container, or "box body", with
a plurality of small doors each opening into a separate
compartment. The provision of a plurality of compart-
ments is also useful as they preferably have separate
thermostatic control means for discharging cryogen for
refrigeration; preferably these control means may be set
to operate at different temperatures, meaning that dif-
ferent temperature regimes may be maintained in the
different compartments, allowing goods which need to
be refrigerated and delivered at different temperatures
to be carried and delivered by a single containerised ve-
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hicle. Each compartment in such an apparatus may be
partitioned into upper and lower chambers. This is use-
ful not only for further subdividing the space within a con-
tainer but also enables different temperatures to be
maintained very simply in associated chambers. Also,
the internal partitioning may be movable, so as to enable
the container to be configured into chambers of a range
of different volumes.
[0013] Cryogenic fluid discharge means may be pro-
vided in the lower chamber of each compartment, with
associated lower and upper chambers being in fluid
communication for gas to flow therebetween. If, with
such an arrangement, means are provided to discharge
cryogenic fluid into the lower chamber, then this will rap-
idly chill. As cryogenic liquid in the lower chamber evap-
orates, low temperature gas (which is usually denser
than air) will gradually rise to fill first the lower chamber
and then, via suitable vents, to fill the upper chamber.
Thus the lower chamber will be refrigerated rapidly
whilst the upper chamber will cool more slowly. Provid-
ing appropriate vents to atmosphere from each upper
and/or lower chamber, and actuating these in an appro-
priate manner, will allow different temperatures to be
maintained in the upper and lower chambers as desired.
[0014] Another problem with vehicle refrigeration sys-
tems is that they require a means of maintaining refrig-
eration when the trailer-mounted container is discon-
nected from the vehicle tractor unit or when the vehicle's
engine is switched off. In the past, this has required a
relatively costly and inefficient battery unit to be mount-
ed to the trailer, or the provision of a complicated pneu-
matic control system.
[0015] European patent application EP 0 816 781-A
discloses a refrigerated container cooled by a liquid cry-
ogen which further comprises elements containing eu-
tectic material positioned within the container to chill any
product therein. Accordingly, in a third aspect, which
may advantageously be combined with the first and sec-
ond aspects of the invention set out above, the present
invention may provide a transportable refrigerated
goods container as defined and claimed herein further
comprising elements comprising eutectic material con-
figured and dispensed so as to act as a thermal buffer
for the container, or for some or all of any separate
chambers thereof.
[0016] Preferably, the roof and possibly the sides of
the container, or of each compartment and/or each
chamber, are lined with eutectic plates. These are usu-
ally two flat sheets of metal bonded together to form a
relatively thin, flat tank which is filled with a eutectic ma-
terial adapted to absorb and release heat at a constant
temperature, preferably below 0°C (water, for example,
has a eutectic temperature of 0°C, at which it melts/so-
lidifies whilst absorbing/releasing heat). Eutectic ele-
ments may be used so as to maintain different temper-
atures in different chambers, so as to allow a variety of
different goods to be maintained at different tempera-
tures.

[0017] In use, the cryogenic refrigeration system will
maintain the refrigerated temperature of the goods with-
in the container; some of the "cold" will also leak into the
eutectic plates where it will be stored. Eventually the eu-
tectic plates will have 'stored' as much cold as possible,
ie all the material will have been converted from one
state (usually liquid) to another (usually solid), and they
will then perform an insulation function. When the con-
tainer is disconnected or the vehicle engine switched off,
the cryogenic refrigeration system will no longer function
but the eutectic plates will yield cold to keep the contain-
er at the derived temperature. Depending on the number
of plates and the volume of eutectic material, the dura-
tion of this "eutectic refrigeration" can be extended or
reduced as required.
[0018] The invention will now be described by way of
example and with reference to the accompanying draw-
ings, in which:

Figure 1 is a schematic view of an apparatus for cry-
ogenically-refrigerating goods in transit in accord-
ance with the invention in its first aspect, and

Figures 2a, 2b and 2c are, respectively, schematic
plan, elevation and detailed elevation views of an
apparatus for transporting and cryogenically-refrig-
erating goods in accordance with the invention in its
second aspect.

[0019] Figure 1 shows a storage tank 2 made of
foamed plastic holding a cryogenic liquid 4, provided
with a distribution line 6 (which is thermally-insulated 8)
for cryogenic liquid to flow to a number of thermostati-
cally set solenoid valves 10, adapted on actuation to dis-
charge cryogenic liquid onto an evaporating plate 12
which has an anti-splash lip 14 and perforations 16 (only
one shown) in its wall to allow evaporated cryogen to
escape. The tank 2 is adapted to hold cryogenic liquid
only at atmospheric pressures, therefore it can be
formed substantially of foamed polystyrene, with an out-
er stiffening layer (not shown) for mechanical strength.
To ensure the pressure within the tank 2 remains close
to atmospheric, a suitable pressure relief valve (not
shown) is provided. The valves 10 and the evaporating
plate 12 are located within a thermally-insulated con-
tainer for transporting goods (not shown), and the ar-
rangement is such that the refrigeration effect resulting
from the discharge of cryogenic liquid from the valves,
and the subsequent evaporation of the cryogenic liquid,
serves to reduce the temperature inside the container
as well as that of any goods contained therein. The
evaporating plate 12 is shown located above an insulat-
ed anti-drip tray 18, which protects any goods or per-
sonnel beneath the evaporating plate 12 from splashing
with cryogenic liquid. The evaporating plate 12 may be
fitted with fins (not shown) to increase the rate of thermal
transfer, and hence refrigeration. The storage vessel 2
in use, is disposed higher vertically than the solenoid
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valves 10 (see Figure 2b, for example) so that the cry-
ogenic liquid flows by gravity from the tank 2 to the
valves 10, obviating any requirement for a pump.
[0020] Turning now to Figures 2a and 2b, a vehicle 20
has a thermally- insulated container body 22 which is
divided internally into several thermally-insulated com-
partments 24, each with its own external door 26. A liq-
uid cryogen distribution network 28 distributes liquid cry-
ogen fed by gravity from a thermally-insulated storage
tank 30 made of foamed plastics material to solenoid
valves as described above in connection with Figure 1.
The storage tank 30 is mounted above the vehicle cab
32 and above the level of the distribution network 28.
The storage tank could alternatively be located else-
where, provided the liquid cryogen could be fed effec-
tively, such as by means of a standard cryogen pump.
[0021] Figure 2c shows a detail of a single compart-
ment 24, which is subdivided by a tray 34 into upper and
lower compartments 36, 38. The cryogen discharge so-
lenoid valve and associated evaporation tray 40 (de-
scribed above in connection with Figure 1) are located
towards the top of the lower chamber 38, and the dis-
charge of cryogen is actuated by temperature sensor/
controller 42 located towards the top of the lower cham-
ber 38. Selectively-closable intermediate and upper
vents 44, 46 are provided to vent cryogenic gas to at-
mosphere. In use, discharge of cryogenic liquid from the
solenoid valve 40 immediately cools the lower chamber
38 and, as the discharge continues, evaporated cryo-
genic liquid (which is usually heavier than air) fills this
chamber and moves up through vents (not shown) in
the tray 34 to fill the upper chamber, up to the level of
one or other vent 44, 46 depending which is open. By
selecting which of intermediate and upper vents 44, 46
is closed and which is open it is possible to ensure that
the temperature in upper chamber 36 is either substan-
tially the same as that in the lower chamber (vent 44
closed, vent 46 open) or substantially different (warmer
- vent 44 open). Alternatively, the cryogenic liquid can
be discharged into the upper chamber 36, the tray 34
being formed of thermally-insulating material and sub-
stantially separating the upper and lower chambers 36,
38, so that the upper chamber 36 is maintained at a low-
er temperature (typically about -25°C), whilst the lower
chamber 38 is at ambient temperature or just below
(0-4°C, say). The tray 34 can preferably be moved so
as to vary the size of the upper chamber 36 - with an
equivalent variation in the size of the lower chamber 38
- so as to accommodate different amounts of products
requiring chilling to different temperatures. Although on-
ly a single tray 34 is shown, it will be understood that
there could be provided two or more trays, so as to sub-
divide each compartment into three or more chambers,
each of which could be maintained at a different refrig-
eration temperature.
[0022] Those skilled in the art will appreciate how the
apparatus illustrated in Figures 2b and 2c could easily
be modified so as to operate with conventional com-

pressed gas cylinders, such as cylinders containing
compressed carbon dioxide which is discharged into the
various compartments/chambers via conventional
"snow horn" devices.

Claims

1. A vehicle (20) for transporting refrigerated goods
having a thermally insulated container (22) mount-
ed thereto, comprising means (30) for storing a cry-
ogenic liquid and means (6) for discharging the cry-
ogenic liquid into the container (22) in order to re-
duce the temperature therein, the container (22) in-
cluding valves (10) which control the discharge of
the cryogenic liquid according to the temperature
within the container, characterised in that the stor-
ing means (30) is an atmospheric pressure cryo-
genic liquid storage tank (2).

2. A vehicle as claimed in Claim 1, wherein the cryo-
genic liquid storage tank (2) is formed substantially
of a foamed polymeric material.

3. A vehicle as claimed in Claim 2, wherein the liquid
storage tank (2) has an outer stiffening layer.

4. A vehicle as claimed in any preceding claim, where-
in the thermally-insulated container (22) includes an
evaporating plate (12/40) having side walls and an
anti-splash lip (14), which evaporating plate re-
ceives discharged cryogenic liquid.

5. A vehicle as claimed in Claim 4, wherein the evap-
orating plate (12/40) has perforations (16) in its side
walls to allow evaporated cryogen to escape.

6. A vehicle as claimed in any preceding claim, where-
in cryogenic fluid is delivered from the storing
means (30) to the discharge means (6) by gravity.

7. A vehicle as claimed in any preceding Claim,
wherein the container (22) is subdivided into a plu-
rality of discrete compartments (24), a plurality of
discharge means (6) being provided each adapted
to discharge cryogenic fluid into a separate com-
partment (24).

8. A vehicle as claimed in Claim 7, wherein each com-
partment (24) is partitioned into upper and lower
chambers (36, 38).

9. A vehicle as claimed in Claim 8, wherein cryogenic
liquid discharge means are provided in the lower
chamber (38) of each compartment (24), associat-
ed lower and upper chambers (38, 36) being in fluid
communication for gas to flow therebetween.
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10. A vehicle as claimed in Claim 9, comprising means
(44, 46) for venting cryogenic gas from the upper
chambers (36).

11. A vehicle as claimed in any preceding Claim, com-
prising eutectic material configured and disposed
so as to act as a thermal buffer for the container
(22), or for discrete parts thereof.

Patentansprüche

1. Fahrzeug (20) zum Transportieren gekühlter Wa-
ren, mit einem darauf montierten wärmeisolierten
Behälter (22), der Mittel (30) zum Speichern einer
kryogenen Flüssigkeit und Mittel (6) zum Ausgeben
der kryogenen Flüssigkeit in den Behälter (22) zum
Absenken der Temperatur in diesem aufweist, wo-
bei der Behälter (22) Ventile (10) enthält, welche die
Ausgabe der kryogenen Flüssigkeit entsprechend
der Temperatur innerhalb des Behälters steuern,
dadurch gekennzeichnet, daß die Speichermittel
(30) einen Speichertank (2) für kryogene Flüssig-
keit unter Atmosphärendruck umfassen.

2. Fahrzeug nach Anspruch 1, wobei der Speicher-
tank (2) für die kryogene Flüssigkeit im wesentli-
chen aus einem geschäumten polymeren Material
gebildet ist.

3. Fahrzeug nach Anspruch 2, wobei der Flüssigkeits-
speichertank (2) eine äußere Versteifungsschicht
aufweist.

4. Fahrzeug nach einem der vorhergehenden Ansprü-
che, wobei der wärmeisolierte Behälter (22) eine
Verdampfungsplatte (12/40) mit Seitenwänden und
einer Spritzschutzlippe (14) aufweist, wobei die
Verdampfungsplatte ausgegebene kryogene Flüs-
sigkeit aufnimmt.

5. Fahrzeug nach Anspruch 4, wobei die Verdamp-
fungsplatte (12/40) Perforationen (16) in ihren Sei-
tenwänden aufweist, um einen Austritt von ver-
dampften Kryogen zu ermöglichen.

6. Fahrzeug nach einem der vorhergehenden Ansprü-
che, wobei kryogene Flüssigkeit von den Speicher-
mitteln (30) durch Schwerkraft zu den Ausgabemit-
teln (6) gelangt.

7. Fahrzeug nach einem der vorhergehenden Ansprü-
che, wobei der Behälter (22) in eine Mehrzahl ge-
trennter Abteile (24) unterteilt ist, wobei eine Mehr-
zahl von Ausgabemitteln (6) vorgesehen ist, die je-
weils zum Aussieben von kryogener Flüssigkeit in
ein getrenntes Abteil (24) ausgelegt sind.

8. Fahrzeug nach Anspruch 7, wobei jedes Abteil (24)
in eine obere und eine untere Kammer (36, 38) un-
terteilt ist.

9. Fahrzeug nach Anspruch 8, wobei Ausgabemittel
für kryogene Flüssigkeit in der unteren Kammer
(38) jedes Abteils (24) vorgesehen sind und die ein-
ander zugeordneten unteren und oberen Kammern
(38, 36) für eine Gasströmung zwischen ihnen in
Strömungsverbindung stehen.

10. Fahrzeug nach Anspruch 9, mit Mitteln (44, 46) zum
Entlüften von kryogenem Gas aus den oberen Kam-
mern (36).

11. Fahrzeug nach einem der vorhergehenden Ansprü-
che, mit einem so konfigurierten und angeordneten
eutektischen Material, daß es als Wärmepuffer für
den Behälter (22) oder für diskrete Teile desselben
wirkt.

Revendications

1. Véhicule (20) pour le transport de denrées alimen-
taires réfrigérées, dans lequel est monté un conte-
neur (22) calorifugé, et comprenant un moyen (30)
de stockage d'un liquide cryogénique et des
moyens (6) pour décharger le liquide cryogénique
dans le conteneur (22) de manière à y réduire la
température, le conteneur (22) comportant des van-
nes (10) qui commandent la décharge du liquide
cryogénique en fonction de la température régnant
dans le conteneur, caractérisé en ce que le moyen
de stockage (30) est un réservoir (2) de stockage
de liquide cryogénique sous pression atmosphéri-
que.

2. Véhicule selon la Revendication 1, dans lequel le
réservoir (2) de stockage du liquide cryogénique est
formé essentiellement d'un matériau polymère ex-
pansé.

3. Véhicule selon la Revendication 2, dans lequel le
réservoir (2) de stockage du liquide possède une
couche extérieure de rigidification.

4. Véhicule selon l'une quelconque des Revendica-
tions précédentes, dans lequel le conteneur calori-
fugé (22) comprend une plaque d'évaporation
(12/40) ayant des parois latérales et une lèvre anti-
éclaboussures (14), cette plaque d'évaporation re-
cevant le liquide cryogénique déchargé.

5. Véhicule selon la Revendication 4, dans lequel la
plaque d'évaporation (12/40) possède des perfora-
tions (16) dans ses parois latérales, destinées à
permettre au cryogène évaporé de s'échapper.
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6. Véhicule selon l'une quelconque des Revendica-
tions précédentes, dans lequel le fluide cryogéni-
que est délivré du moyen de stockage (30) aux
moyens (6) de décharge par gravité.

7. Véhicule selon l'une quelconque des Revendica-
tions précédentes, dans lequel le conteneur (22) est
subdivisé en une pluralité de compartiments dis-
tincts (24), une pluralité de moyens de décharge (6)
étant prévus, chacun apte à décharger le fluide
cryogénique dans un compartiment séparé (24).

8. Véhicule selon la Revendication 7, dans lequel cha-
que compartiment (24) est partagé en une chambre
supérieure (36) et une chambre inférieure (38).

9. Véhicule selon la Revendication 8, dans lequel des
moyens de décharge du liquide cryogénique sont
prévus dans la chambre inférieure (38) de chaque
compartiment (24), les chambres supérieure et in-
férieure associées (36, 38) étant en communication
fluidique pour que le gaz s'écoule entre elles.

10. Véhicule selon la Revendication 9, comprenant des
moyens (44, 46) pour évacuer le gaz cryogénique
des chambres supérieures (36).

11. Véhicule selon l'une quelconque des Revendica-
tions précédentes, comprenant un matériau eutec-
tique configuré et disposé de manière à agir comme
un tampon thermique pour le conteneur (22) ou
pour des parties individuelles de celui-ci.
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