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HEATING ‘AND COQLING @lli‘ AIR FUR VENTILAT 
TPITég,SWARMENG AND REFRTGERATING PUR 

E 
Charles Edward Over, Eetchworth, England, assignor to 

Kinematics Limited, London, England, a British 
company ‘ 

Filed Feb. 24, 1964, Ser. No. 346,722 
13 Claims. (Cl. 62-5) 

The present invention relates to improvements in and 
relating to the heating and cooling of air for ventilating, 
warming and refrigerating purposes, and is concerned 
with air heating and cooling apparatus of the in 
which air is used as the working ?uid. 

Space-cooling refrigerators using air as the working 
fluid have been known for more than a century, but they 
have become obsolete due to their bulk, complication and 
thermodynamically inferior performance as compared 
with vapour compression refrigerators. 

Nevertheless, an apparatus in which air is used as the 
working iluid has certain important advantages. For ex 
ample, air is a chemically safe working fluid and costs 
nothing and there is no need in such an apparatus to have 
any moving parts other than a fan or compressor. 
The operation of the present invention depends upon 

a phenomenon which has been observed in connection 
with inward radial flow turbines, namely that the tempera 
ture of the air in the center of a centrifugal field is less 
than that at the periphery thereof. 

It is believed that the cause of this phenomenon may 
be described in general terms as follows: 

If a stream of air (or other gas) is injected tangen 
tially into a cyclone or volute, a centrifugal ?eld or vor 
tex will be established within the‘ casing. The layer of 
air at the periphery will be retarded by friction with the 
walls of the casing. These molecules of air, being sub 
ject to the rules of centrifugal ?elds, will tend to move 
towards the center of the vortex. 
The fast-moving molecules just inside the peripheral 

layer transfer some of their energy to this layer by bom 
barding some of its slower-moving molecules and speed 
ing them up. The net result of this process is the accu 
mulation of slow-moving low-energy particles at the cen 
ter of the cyclone or volute and of fast-moving high 
energy particles at the periphery. 

in the thermodynamics of gases, the terms “high 
ener’gy” and “high-velocity” denote high temperature and 
“low-energ ” and “slow-moving” denote low tempera 
ture. Consequently, there exists in such a cyclone or 
volute, a rotating core of relatively cold air surrounded 
by a rotating belt or rim of relatively hot air. 
The references in the preceding paragraph to “hot air” 

and “cool air” are to be intepreted as referring to heat 
ing or cooling of the air by as little as 1° or 2° F. or as 
much as 100° F., depending upon the choiceof dimen 
sions and pressure variables in the apparatus under con 
sideration. 

In the improved apparatus according to this invention 
at least one compressor or blower is arranged to discharge 
air in a substantially tangential direction into a volute 
chamber containing a ring of guide vanes arrangedrto de 
ilect air from the vortex formed in the circumferential re— 
gion of the volute chamber into a central region thereof 
within the guide vane ring, a cold air outlet opening of 
considerably smaller diameter than the inner diameter 
of the guide vane ring is formed centrally in one end wall 
of the volute chamber and a warm air outlet opening of 
substantially the same diameter as the inner diameter of 
the guide vane ring is formed centrally in the other end 
wall of the volute chamber. 

Preferably two compressors or blowers are arranged to 
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deliver compressed air into the volute chamber through 
tangential inlets on opposite sides respectively of its cir 
cumference. The greater the temperature difference re 
quired between the air discharged through the cold air 
and warm air outlet openings and the ambient tempera- ’ 
ture, the higher must be the pressure of the air delivered 
to the volute chamber by the compressors or blowers. 
For. a high pressure difference, up to a limit of 100 lb. 
per square inch, it will be necessary to use reciprocating 
compressors, rotary sliding-vane blowers or 'Rootes blow 
ers. Where, however, a large volumetric ?ow is required 
with a smaller temperature di?erence, centrifugal com 
pressors or fan type blowers delivering air at pressures 
of, for example, from 2 to 10 lb. per square inch may 
be used. 
The air under pressure from the or each compressor 

or blower is advantageously passed through a heat ex 
changer before entering the volute chamber, whereby the 
heat of compression is removed from it, either by water 
cooling or by fan cooling. 
The guide vanes of the guide vane ring are preferably 

inclined so that the air passing between them is given a 
tangential component of motion relative to the inside cir 
cumference of the guide vane ring. Thus, for example, 
the angle between the air stream discharged from between 
any two adjoining guide vanes and a corresponding tan 
gent to the inside circumference of the guide vane ring is 
preferably less than 20°. Consequently, a rotating vortex 
of air is formed within the guide vane ring. 

In large installations, the guide vanes may be pivolally 
adjustable about their inner edges by means of a common 
control member, so that their angle of inclination can be 
varied simultaneously to suit various diiferent working 
conditions. 
The warm air outlet opening preferably opens into the 

inlet end of a warm air outlet pipe, the length of which 
is advantageously 25 to 30 times greater than the inner 
diameter of the guide vane ring. The bore of this warm 
air outlet pipe may, at its inlet end, be of the same diam 
eter as the warm air outlet opening and the walls of this 
bore may taper outwardly in the direction towards its out 
let end at an included angle of 5° to 8°. 
The warm air outlet pipe may be water~cooled, for 

which purpose it may be surrounded by a water jacket 
with a helical. partition to cause the cooling water to ?ow 
helically around the pipe from one end thereof to the 
other. 
An adjustable throttling device is advantageously pro 

vided at the outlet end of the warm air outlet pipe, so 
that a variable back pressure can be imposed on the warm 
or hot air discharge. In small installations, this can be 
a sluice or butter?y valve, but in larger installations it 
should take the form of a variable aperture of the spear 
type which gives an annular ori?ce at the periphery of 
the outlet pipe. 
The cold air outlet opening may also be ?tted with an 

outlet pipe or duct. The most suitable diameter for this 
opening in relation to the diameter of the guide vane ring 
will vary widely, depending upon the inlet air pressure 
and other operating variables. In large installations, the 
diameter of this opening may therefore be made adjust 
able, e.g. by using an adjustable iris diaphragm. 
As a general and approximate guide, it is found that the 

coldest air temperature is obtained when the fraction of 
‘cold air is about one third of the total quantity of inlet 
air, but appreciable and useful cooling effects are obtained 
with considerably higher proportions of cold air to hot 
air. This variation in the ratio of hot air to cold air is 
produced by altering the back pressure in the hot air out 
let pipe and also the size of the aperture of the cold air 
outlet. 
The variable apertures speci?ed above enable these pro 
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portions of cold air to hot or warm air to be varied to 
suit the prevailing ambient conditions. For example, if 
the apparatus is used for ventilating and air conditioning, 
a greater cold air discharge will be required in hot weather 
than in cooler weather, which will also necessitate addi 
tional blower power to augment the inlet air quantity, 
since to obtain a greater quantity of cold air at the cold 
end more hot air must be discharged at the hot end. 
The air cooling and warming apparatus according to 

this invention may be utilized in ventilating and air con 
ditioning installations. For this purpose, it may be lo 
cated either outside or inside the space to be air-condi 
tioned, but the air supply for the or each air compressor 
or blower is taken from outside this space. Thermostats 
situated in the space to be air conditioned are linked with 
suitable actuating devices in a temperature-responsive 
manner, to operate the throttle at the hot discharge end 
and possibly the variable ori?ce at the cold discharge end, 
in order to maintain the required temperature in the 
space. 

In very hot weather, one or more additional compres 
sors or blowers may be switched in to discharge into the 
vortex chamber for feeding through the guide vane ring, to 
compensate for the reduction in volume of cold air 
which would otherwise be produced by the necessity of di 
minishing the cold fraction to reduce its temperature. To 
accommodate this additional volumetric flow of inlet air, 
provision may be made for opening additional nozzle pas 
sages leading to the volute chamber. 

In cold weather, on the other hand, when ventilation 
has to be combined with warming, means, including re 
turn ducts and ?ap valves, can be provided for discharging 
the hot air discharge into the space and the cold air dis 
charge into’ the atmosphere. Since, at the optimum set 
ting, the fraction of hot air discharged is about two thirds 
of the inlet air, the apparatus performs more e?iciently 
under these conditions than as a cooler. 

There are many other applications particularly suited 
to this apparatus in which one space requires to be cooled 
and another adjacent space simultaneously requires to be 
heated. In many industrial processes it is required to pro— 
duce a heating effect in one part of the process and a 
simultaneously cooling effect in another part of the same 
process. By passing the hot and cold air discharges 
through separate heat exchangers this simultaneous heat 
ing and cooling can be achieved, thereby enabling the 
apparatus to be run at maximum e?iciency. 
The air cooling and warming apparatus according to 

this invention can also be employed for refrigeration pur 
poses. 

In domestic refrigerators and cold and cool rooms it is 
desirable to avoid direct contact between the air from the 
apparatus and the contents of the cold chamber, since the 
air from the apparatus will have passed through the com 
pressors or blowers and may be contaminated with oil 
or atmospheric impurities. 
The cold chamber, therefore, is preferably provided 

with an inner metal lining, leaving a circulation space 
around the outside of the lining between it and the inner 
wall of the chamber, which may vary from about half-an 
inch in a domestic refrigerator to several inches in a cold 
room. One or both sides of the metal lining may be pro 
vided with extended surface ?ns to augment the heat trans 
fer area. The inner chamber may, for cold and cool 
rooms, be provided with one or more circulating fans, so 
that the air in the inner chamber may be circulated against 
the inner surface of the metal lining to ensure maximum 
heat transfer for the air to the metal lining. 
The air cooling apparatus is advantageously arranged 

so that the cold discharge is directed into the circulation 
space between the chamber walls and the inner lining, at 
the bottom. For a small chamber or domestic refriger 
ator, one cold air appaartus will be sufficient; for larger 
cold chambers more than one apparatus may be arranged 
to discharge into the bottom of the circulation space at 
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equidistant discharge points. The outer walls of the cham 
her are insulated in the usual manner. 
The cold air blown into the bottom of the circulation 

space displaces the warmer air situated there initially. 
The warmer air is allowed to escape from ‘one or more 
points at the top of the circulation space through ?ap 
valves or lightly spring-loaded vents. The cold air may 
be caused to circulate in the space between the chamber 
walls and the inner lining by suitably disposed splitters 
or dividing plates, to cause the cold air to pass over the 
entire surface of the inner lining. 
The sealed air in the inner chamber then gives up its 

heat, through the metal inner lining, to the cooler air in 
Hence as cold air is discharged 

from the apparatus into the bottom of ‘the circulation 
space, an equal mass of warm air is discharged through 
the vents at the top of the circulation space. 
One or more temperature-sensitive devices or thermo 

stats have their sensing elements situated in the inner 
chamber. When the temperature in this chamber reaches 
the required lower value, the thermostat actuates a cut 
out switch or other mechanism which stops the compres 
sor or blower supplying air to the apparatus, or other 
wise diverts the inlet air supply to the vortex chamber or 
opens a vent valve in the cold air supply pipe. Al 
ternatively, the thermostatic control is arranged to regu 
late the variable apertures so as to reduce the cold air in 
put to a level just su?icient to balance the heat leakage 
into the chamber. 
The following is a practical example of the application 

of the present invention to a 12 cubic foot capacity do 
mestic type refrigerator with an air supply at 80 lb. per 
sq. inch. This air was supplied to the vortex chamber of 
the apparatus through 1/8” diameter tangential nozzle. 
The hot and cold air pipes were 1/2” diameter and the cold 
air escaped from the vortex chamber through a 3/16" di 
ameter opening, the throttle on the hot pipe being approxi 
mately 'Vsths shut. The cold air was discharged into a 1/2” 
wide circulating space between the metal inner lining and 
the chamber walls and allowed to escape from a 1/2” 
diameter ?ap valve at the top. Under these conditions, 
the chamber was cooled from 60° F. to 25° F. in 60 
minutes. 
The hot air discharge may be vented to atmosphere, but 

is preferably utilized for heating purposes. For example, 
in the case of a domestic type refrigerator, the hot air 
discharge may be used to heat an airing cupboard or to 
heat water. To obtain hot air temperatures suitable for 
heating water, the air supply to the vortex chamber will 
be of the order of 70 to 100 lb. per sq. inch, in which 
case temperatures of over 100° F. can be expected. In 
the case of high pressure air supply where the hot air is 
vented to vatmosphere, a silencing device may be ?tted to 
reduce the noise level. 

In such refrigerating applications as those described 
above, the circulation space and the inner chamber may 
gradually become choked with frost and ice. Defrost 
ing is accomplished with this apparatus by a series of ?ap 
valves, or other type of diverting device, whereby the 
cold air is shut off from the cold chamber and the hot air 
discharge, or a fraction of it, is directed into the circula 
tion space. The hot air ?ow melts the frost and ice and 
the resulting water is removed through a drain valve or 
valves ?tted at the bottom of the circulating space and 
inner chamber. 
The invention will now be described by way of example 

with reference to the accompanying drawings, in which: 
FIG. 1 is a longitudinal section through an apparatus 

for cooling and warming air, 
FIG. 2 is a cross-section on the line II—II in FIG. 1, 
FIG. 3 is a cross-section through a small domestic re 

frigerator or industrial cooling cabinet, 
FIG. 4 is a diagram illustrating a large scale installa 

tion for cooling and heating adjacent chambers. 
Referring more particularly to FIG. 2, air is compressed 
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by two rotary compressors 1 and is passed by pipes or 
ducting, through heat exchangers 2, in which the heat of 
compression is removed from it. . 
Leaving the heat exchangers 2, the air passes through 

buttterfly valves 3 and is then discharged into a volute 4. 
Although two compressors are shown discharging into the 
volute 4 in FIG. 1, any number of compressors from one 
upwards may be employed as the duty warrants. These 
compressors are capable of being started or stopped, or 
of having their speeds regulated separately. 
The volute contains a ring of guide‘ vanes 5 pivoted 

at their inner ends to end plates 6. The outer parts of 
the guide vanes 5 pass through slots in a ring 7, which can 
be caused to rotate by a link and screw mechanism 8, 
operated by a hand-wheel 9. When the hand-wheel 9 is 
rotated, the link 8 causes the ring 7 to rotate through a 
small arc and and the guide vanes 5, pivoting about their 
inner parts, with their outer edges sliding through the 
slots in the ring 7, are caused to alter their angle with 
respect to a tangent to the inside circumference of the 
vane ring. Consequently, the area and angle of inci 
dence of the guide vanes can be altered. 

In FIG. 1, a divergent pipe 15} is attached to one end 
of the vortex chamber 4, the angle of divergence being 
about 31/2 degrees. The length of the divergent portion 
of the pipe 10 may be 25 to 30 times the the inner diameter 
of the guide vane ring. A water jacket 11 is ?tted over 
the divergent pipe lit, forming water-tight joints with it 
at each end. In FIG. 1, these Water-tight joints are formed 
by O ring seals 12 and 13. Inlet and outlet pipes 14 and 
15 are ?ttted to the water jacket 11. A helical strip 16 
may with advantage be wound around between the diver 
gent pipe Ill and the water jacket 11. to ensure that the 
water effectively cools the outer surface of the divergent 
tube It). 
At the outer end of the divergent tube 10‘ is a spider hav 

ing a central boss 17 into which a stud 18 is screwed. A 
cone 19 can be screwed along the stud 18 so that the an 
nular area between the cone and the end of the tube can 
be varied in order to give a greater or smaller throttling 
effect on the warm air leaving the tube. 

In FIG. 1, on the other end of the vortex chamber is 
bolted a parallel pipe or duct 20. The diameter of this 
duct is less than that ofthe inner diameter of the guide 
vane ring, but may vary between wide limits depending 
upon the air supply pressure and other operating charac 
teristics of the particular system involved. 
To allow for the alteration of this effective diameter, an 

adjustable aperture 21 of the iris type is ?tted to the duct 
20 adjacent to the' vortex chamber 4. This adjustable 
aperture, which is preferably of circular or near-circular 
shape, can be adjusted in diameter by an operating lever 
22. 
An example of such a small apparatus will now be de 

scribed with reference to FIG. 3. 
In FIG. 3, an insulated container is constructed from 

an outer skin 31 and an inner skin 32 between which is 
sandwiched a thermal insulating material 33. A lid 34 
of similar sandwich construction is attached to the top 
of the container by screwed fastenings 35. 

Inside the inner skin 32 of the insulated container is 
an inner lining 36 of thin sheet metal, supported by blocks 
37 so as to leave a circulating space 38 between the inner 
lining 36 and the inner skin 32. A series of baffles 39 at 
tached to the inner lining 36 subdivide the circulating 
space 38 so as to form a labyrinth passage for cold air 
from the bottom to the top thereof. At the top of one 
side wall of the container is a non-return flap valve 40, 
opening outwards, through which air from the circulating 
space, under slight pressure, can escape to the atmosphere. 
The insulated container is supported on a stand 41, pro 

vided with a sound-absorbing lining 42, to bring the con 
tainer to a convenient height. A cooling apparatus 43, 
with its water jacket, is attached to the stand so that its 
cold air discharge pipe 44 passes through the sandwich 
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construction wall of the container into the bottom of the 
circulating space 38. 

Cooled air under pressure is supplied through an inlet 
pipe 45 to a vortex chamber 46, which may have a single 
tangential nozzle and ?xed diameter ori?ces. The cold 
air generated in the vortex chamber passes into the cir 
culating space 33 through the pipe 4-4 and circulates up 
wards around the ba?‘les 39 and out of the non-return ?ap 
valve (iii. The warmed air from the vortex chamber 
passes downward through the water jacket, which has in 
let and outlet cooling-water connections 4-7 and 48, to a 
throttling valve 49 which may be a conventional gate or 
sluice valve, having a handwheel 5% which can be ad 
justed from outside the casing. The hot air outlet is led 
through a right-angled bend into a silencer 51 which may 
be of the conventional motor vehicle type and is ?nally 
discharged to atmosphere through an exhaust pipe 52. 

It is assumed that, in this example, there is no use for 
the warm exhaust air. As described above this could 
have been passed through a heat exchanger instead of the 
exhaust silencer 51 and could have heated water or per 
formed other heating duty. If required, arrangements can 
be made to return this hot air to the circulating space 33, 
through a system of shut-off valves, for defrosting pur— 
poses. 
A dial thermometer 53 is ?tted to any convenient part 

of the container, with its bulb 54 inside the container, to 
register the temperature therein. Alternatively, this tem 
perature-sensitive element could be used to shut oil the 
air supply when the required low temperature is attained. 

In the large-scale installation illustrated in FIG. 4, the 
walls of a cold chamber are constructed conventionally 
with an outer skin 61, an intermediate layer of insulation 
62 and an inner skin 63. An inner lining 64 is arranged 
within the inner skin 63 so as to provide a circulation 
space 65. The inner lining 64 is of thin sheet metal hav 
ing baliies 66 attached to it in the circulation space 65 
which de?ne a circulatory path for the air passing from 
the bottom of this space to the top. A fan 67 situated in 
the inner cold chamber 68 is driven by a motor 69 to cir 
culate the air in the inner chamber against the inner 
surface of the metallic lining 64. At the bottom of the 
circulation space are water drains 7t) ?tted with shut-elf 
valves. 

Cold air is discharged into the bottom of the circulation 
space 65 through a duct 71 and passes upwards through 
the circulation space 65 through passages de?ned by the 
divisions 66 and is discharged to atmosphere at slight 
positive pressure through a non-return ?ap valve 72. 
The cold air is generated by apparatus similar to that 

described with reference to FIGS. 1 and 2, consisting of 
the cold air discharge pipe 71, a volute 73, a Warm air 
discharge pipe 74 with a water-jacket 75 and cooling water 
inlet and outlet pipes 76 and ‘77 and a throttling device 
78. The warm air discharge pipe '74 discharges into a 
warm room 79 and leaves it through a non-return ?ap 
valve 83'. 

Air is compressed in two compressors 81, and passes 
through heat exchangers 82, in which the heat of com 
pression is removed and then enters the volute 73. Ther 
mostats 83 are located in the inner chamber and operate 
in one case an electrical actuator 84 which adjusts the 
position of the warm end throttling device 78 and in the 
other case is arranged to switch ‘one or more compressors 
on and off, according to the temperature level required in 
the cold room. 
To defrost the circulation space 65, a branch pipe 85 is 

led from the warm end outlet into the said circulation 
space and in this branch pipe 85 is arranged a valve 86 
which can be opened to admit warm air to the circulation 
space, the variable ori?ce operated by a lever 87 being 
closed during the defrosting process. 
What is claimed is: 
1. Air-heating and cooling apparatus, comprising: 
a volute chamber 
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having an inlet which opens tangentially into a 

circumferential region thereof, 
a warm air outlet in‘one end wall thereof and 
a cold air outlet in its other end wall of substan 

tially smaller flow area than the warm air outlet, 
both of said outlets being in communication with 

a central region of said volute chamber; 
means for supplying compressed air to the circumfer 

ential region of the volute chamber through the inlet 
thereof; and 

a ring of guide vanes arranged within the volute cham 
ber in an annular zone between the circumferential 
and central regions thereof, 

the individual guide vanes of said guide vane ring 
being inclined so as to re?ect air from the cir 
cumferential region into the central zone. 

2. Apparatus as claimed in claim 1, wherein said volute 
chamber includes two inlets which open tangentiallyeinto 
the circumferential region thereof on opposite sides re 
spectively of its circumference, wherein said means for 
supplying compressed air includes two air compressors 
connected respectively to said two inlets. 

3. Apparatus as claimed in claim 1, including a heat 
exchanger positioned between said compressed air supply 
ing means and the inlet of said volute chamber for re 
moving the heat of compression from the compressed air. 

4. Apparatus as claimed in claim 1, wherein said in- 
dividual guide vanes of the guide vane ring are inclined 
so'that the air passing between them is given a tangential 
component of motion ‘relative to the inside circumference 
of said guide vane ring. 

5. Apparatus as claimed in claim 1, wherein the angle 
between each said individual guide vane and a correspond; 
ing tangent to the circumference of the guide vane ring is 
less than 20°. ‘ ' _ 

6. Apparatus as claimed in claim 1, wherein a common 
control member is connected to all the guide vanes of the 
guide vane ring and the individual guide vanes are pivot; 
ally adjustable about their inner edges by means of. the 
said'common control member to vary the angle between 
them and corersponding tangents to the inside circumfer 
ence of the guide vane ring. ' 

‘7. Air-heating and cooling 
a volute chamber 

having an inlet which opens tangentially into a cir 
cumferential region thereof, ' 

a warm air outlet in one end wall thereof and 
a cold air outlet in its other end wall of substan 

tially smaller flow area than said warm air out 
let, 

both of said outlets being in communication with 
a central region of said volute chamber; 

means for supplying compressed air to the circumfer 
ential region of the said volute chamber through the 
inlet thereof, 

a ring of guide vanes arranged within said volute cham 
ber in an annular zone between the circumferential 
and central regions thereof; ' 

the individual guide vanes of said guide vane ring 
being inclined so as to de?ect air from 

the circumferential region into the central zone, 
and ‘a warm air outlet pipe communicating with 
said Warm air outlet and having a length 25 to 
30 times greater than the inner ‘diameter of said 
guide vane ring. 

apparatus, comprising: 
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3. Apparatus as claimed in claim 7, wherein the bore 

of the warm air outlet pipe at its inlet end is of the same 
diameter as the warm air outlet opening and the walls of 
the said bore taper outwardly in the direction towards its 
outlet end at an included angle of 5° to 8°. 

9. Apparatus as claimed in claim 7, wherein said warm 
air outlet pipe is surrounded by a water-cooling jacket 
with a helical partition positioned in the space between 
said outlet pipe and said jacket forming a helical passage 
for the flow of cooling water from one end of the said 
pipe to the other. 

16. Apparatus as claimed in claim 7, including an ad~ 
justable throttling device positioned at the outlet end of 
said warm air outlet pipe. 

11. Apparatus as claimed in claim 7, wherein means 
are also provided for switching in one or more additional 
compressors to discharge into the circumferential region 
of the volute chamber. 

12. A refrigerating apparatus, comprising: 
a volute chamber 

having an inlet which opens tangentiallyv into a 
circumferential region thereof, 

a warm air outlet in one end wall thereof and 
a cold air outlet in its other end wall of substan 

tially smaller flow area than said warm air outlet, 
both of said outlets being in communication with 

a central region of said volute chamber; 
means for supplying-compressed air to the circumferen 

tial region of said volute‘ chamber through the inlet 
thereof; 

a ring of guide vanes arranged within the volute cham 
ber in an annular zone between the circumferential 
and central regions thereof, 

the individual guide vanes of said guide vane ring 
" being inclined so as to de?ect air from the cir 

_ . . cumferential region into the central zone; 

a'cold chamber having heat-insulated main walls; 
' an inner metal lining located within said cold chamber 

and in spaced relation with respect to the main walls 
,thereof; and 

dividing plates arranged between the main walls and 
the metal lining providing a cold air channel extend 
ing in adjoining convolutions around the metal lining 
from the bottom to the top of said cold chamber, 

munication with the lower end of said cold air chan 
nel and the upper end of said cold air channel being 
open to the atmosphere. 

13. Apparatus as claimed in claim 12, comprising in 
addition defrosting means operative when actuated, to 
shut off said cold air outlet from and connect the warm 
air outlet to the lower end of said cold air channel. 
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