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TEMPERATURE-CONTROLLED CABINET 

FIELD OF THE INVENTION 

[0001] The invention relates generally to temperature con 
trolled cabinets using diffusion absorption refrigeration cycle 
systems, in particular relating to cabinets for containing tem 
perature-sensitive electrical and electronic equipment. 

BACKGROUND 

[0002] Many items of electrical and electronic equipment 
have increased susceptibility to failure, malfunction or gen 
erally accelerated degradation and shortened lifespan When 
exposed to large variations in temperature, humidity and 
other ambient conditions, The problem is particularly signi? 
cant for items of equipment that must be left for extended 
periods of time in environments that are relatively unpro 
tected from atmospheric conditions. 
[0003] One example is items of control equipment, and in 
particular, the standby or backup battery poWer supplies 
thereof. Such control equipment may be found in poWer dis 
tribution, telecommunication, transport and security systems 
and may often be situated in isolated and exposed outdoor and 
indoor locations. Installing such equipment in an enclosure 
for protection from rain or other precipitation can often 
increase temperature variations, in that sunlight on the enclo 
sure Will tend to heat the contents of the enclosure to far 
higher temperatures than Would otherWise be the case. Addi 
tionally, in some applications, heat emitting equipment situ 
ated close to the sensitive equipment may add to the thermal 
stress. Thus, there is a requirement to provide cooling or air 
conditioning to the most temperature sensitive items. 
[0004] In particular, battery back-up poWer supplies for 
poWer distribution control systems and telecommunication 
systems in the ?eld have been observed to have a service life 
substantially loWer than expected largely due to degradation 
caused by temperature and/or humidity variation. Solutions 
in the prior art have provided temperature controlled enclo 
sures for the sensitive equipment ranging from a simple ven 
tilated enclosure through to complete air conditioning sys 
tems. These solutions and systems incorporate technologies 
such as thermoelectric devices, forced convection, heat pipes, 
phase change material and vapour compression cycles. 
[0005] A problem to be addressed in such temperature con 
trolled enclosures is to make them as thermally e?icient as 
possible, Whilst at the same time developing devices that have 
no moving components Which removes the need for regular 
and expensive maintenance due to the failure of those com 
ponents as a result of mechanical Wear and tear. Components 
Which can be removed include mechanical parts such as fans, 
pumps and compressors and consumables such as ?lters. 
[0006] An alternative refrigeration cycle or cooling mecha 
nism to those noted Which can be adapted to be used With 
electronic and electrical equipment is the diffusion absorp 
tion cycle. This cycle completely avoids the use of mechani 
cal energy and instead it relies on direct thermal energy as a 
poWer source. They also use environmentally benign ?uids, 
are reliable, silent and relatively inexpensive to build and have 
no moving parts. HoWever they have a relatively loW refrig 
eration Coe?icient of Performance (’COP’), Which needs to 
be improved so that electronic and electrical equipment such 
as industrial reserve poWer batteries can e?iciently be cooled. 

[0007] Inside a conventional temperature controlled enclo 
sure, an evaporator pipe of the diffusion absorption refrigera 
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tion cycle system extending into the enclosure has a tendency 
to cause a build-up of ice When the cooling system is in 
operation. This introduces safety issues for a cabinet contain 
ing electrical and electronic equipment. In addition, the abil 
ity of such a refrigerator system to extract heat from the 
cabinet is limited because the surface area of the evaporator 
pipe is typically small When compared to the contents of the 
cabinet. Simply adding a heat sink composed of a thermally 
conductive material to the evaporator pipe does not neces sar 
ily solve this problem, because the temperature distribution of 
the heat sink may not be uniform over a large surface area. 
[0008] It is an object of the invention to improve the e?i 
ciency of cooling systems for temperature controlled cabi 
nets. 

[0009] A further object of the invention is to reduce the 
variation in temperature throughout the interior of tempera 
ture controlled enclosures. 

SUMMARY OF THE INVENTION 

[0010] The invention provides a temperature-controllable 
equipment cabinet comprising a diffusion-absorption refrig 
eration cycle system, an evaporator pipe of the refrigeration 
system extending through a Wall of the cabinet and passing 
through a sealed enclosure for containing a heat transfer 
liquid, the sealed enclosure extending across and forming part 
of an internal surface of the cabinet such that the refrigeration 
system in use extracts heat from Within the cabinet to an 
external environment. 
[0011] The sealed enclosure is preferably con?gured to 
provide a ‘thermo-siphon’ effect, i.e. Where a change in den 
sity of a Working liquid due to temperature variation is used to 
generate a pumping force through convention ?oW, thus 
improving the distribution of cooling throughout the enclo 
sure and ensuring that there is no ice build up on the evapo 
rator pipe coming into contact With any of the contents of the 
enclosure. 
[0012] The enclosure may be attached to, or embedded in, 
the Wall by various methods Which include one or more of 
gluing, Welding and mechanical ?xing. The enclosure 
through Which the evaporator pipe passes may form a part of 
the ceiling, ?oor or side Wall of the enclosure. The Wall may 
alternatively be a door of the cabinet. One or more sides of the 
enclosure may be made of different materials. 
[0013] The Wall of the cabinet preferably comprises a layer 
of thermal insulation through Which the evaporator pipe 
extends. 
[0014] The sealed enclosure is preferably substantially pla 
nar in construction, extending across the internal surface of 
the Wall. 
[0015] The evaporator pipe preferably passes in a horiZon 
tal direction through an upper portion of the sealed enclosure 
When the cabinet is oriented for use such that, in use, convec 
tive How of the heat transfer liquid aids heat transfer from 
Within the cabinet. 
[0016] The invention enables improved temperature con 
trolled enclosures for electrical and electronic components 
When used With a diffusion absorption refrigeration cycle 
system, leading to loWer cost and greater energy ef?ciency 
and for a Wider range of ambient temperatures. 
[0017] The sealed enclosure forms a thermo-siphon con?g 
ured through its location and shape to optimise and improve 
convection around the evaporator pipe, thus effectively pro 
viding additional surface area across Which to transfer heat 
from Within the cabinet. 
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[0018] Certain embodiments of the invention can be 
achieved through modi?cation of an existing temperature 
controllable cabinet through the addition of a sealed enclo 
sure for containing heat transfer ?uid around the evaporator 
pipe of a diffusion-absorption refrigerator system. 
[0019] The sealed enclosure may be made from one or a 
limited number of pieces of material, Which improves the 
ease of manufacture of the enclosure and the ease of instal 
lation around the evaporator pipe. 
[0020] Preferred embodiments of the invention require no 
moving parts, such as fans Which Would increase the mainte 
nance costs of the equipment. Heat transfer from the evapo 
rator pipe is instead effected Without forced convection. Ice 
build-up around the evaporator pipe is also prevented, 
enabling electrical and electronic components Within the 
cabinet to be safely cooled, and the temperature distribution 
Within the cabinet made more uniform. Additional fans may, 
hoWever, be used Where increased heat transfer is required, 
though at the expense of additional maintenance cost and 
complexity. 

DETAILED DESCRIPTION 

[0021] The invention Will noW be described by Way of 
example, and With reference to the appended draWing in FIG. 
1 Which shoWs a cross-sectional vieW of a diffusion-absorp 
tion refrigeration system. 
[0022] With reference to FIG. 1 a diffusion absorption 
refrigeration system 5 is attached to a structural part of a 
cabinet, for example being attached to a door or a Wall 9 of the 
cabinet. The Wall 9 comprises a layer of insulation 10 to 
thermally isolate the internal volume 8 of the cabinet from the 
external environment 7. 
[0023] A recess 14 is provided in the Wall 9, for example 
Within the layer of insulation 10, through Which the evapora 
tor pipe 4 passes. The recess alloWs the Wall 9 to be kept 
relatively thin Without unduly compromising the insulation of 
the internal volume 8 of the cabinet. The recess also alloWs the 
evaporator pipe 4 to be offset from other Warmer parts of the 
system. 
[0024] The evaporator pipe 4 of the refrigerator system 5 
acts to draW heat from Within the cabinet, and a heatsink 11 
attached to the condenser of the system 5 conducts this heat to 
the external environment 7. 
[0025] A liquid-?lled enclosure, or thermo-siphon 3, is 
attached to the inside of the Wall 9, forming a sealed vessel 
surrounding the evaporatorpipe 4. The enclosure 3 comprises 
one or more ?lling points for introducing liquid 12 into the 
enclosure once it has been ?xed in place around the evapora 
tor pipe 4. The liquid ?lled enclosure 3 may be attached to the 
structural insulation 10, or to a material enclosing the insula 
tion, by Way of Welding, gluing or other mechanical ?xing 
methods, for example at ?xing points 2a, 2b on the edge of the 
enclosure 3. 
[0026] The enclosure 3 may have one or more sides or faces 
in common With the structural insulation 10 or a material 
enclosing the insulation, for example along an interface 13 
betWeen the internal volume of the enclosure 6 and the insu 
lation 10. The external surface 15 of the enclosure 3 may be in 
direct contact With the contents of the temperature controlled 
enclosure, or may act as a cooling element across the internal 
Wall 15 for cooling air Within the cabinet. 
[0027] The siZe of the thermo-siphon is preferably opti 
mised to provide a balance betWeen thermal ef?ciency in heat 
transfer, cost of manufacture, ?t With the refrigeration cycle 
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and Weight of ?uid. The embodiment shoWn illustrates a 
particular preferred embodiment, Where the enclosure 3 is in 
a substantially planar form extending across the internal sur 
face of the Wall, so as to maximise the cooling effect Within 
the cabinet and minimise the quantity of heat transfer liquid 
required. 
[0028] Preferably, the evaporator pipe 4 is located toWards 
an upper end of the enclosure 3, extending through the enclo 
sure in a substantially horiZontal direction. The upper loca 
tion of the pipe 4 alloWs for the convection effect to be 
optimised, since cool liquid Within the enclosure 3 in contact 
With the evaporator pipe 4 Will sink aWay from the pipe 4. As 
the liquid 3 absorbs heat from the internal volume 8 of the 
cabinet, the liquid rises and is then cooled again by the evapo 
rator pipe 4, creating a convection cycle betWeen the evapo 
rator pipe 4 and the bottom of the enclosure 3. Any volume of 
liquid above the evaporator pipe 4, hoWever, is not able to 
contribute to the convection cycle, due to a thermocline being 
set up Within the liquid 12 around the level of the evaporator 
pipe 4. The evaporator pipe 4 therefore preferably passes 
through an upper portion of the enclosure 3, and more pref 
erably as near to the top of the enclosure as practical, so as to 
maximise the ef?ciency of the thermo-siphon effect. 
[0029] Testing has indicated that a typical temperature dif 
ference AT betWeen the contents of a temperature controlled 
enclosure, for example in the form of industrial batteries, and 
the external ambient environment of only around 15° C. can 
be achieved using standard 80 W diffusion absorption cycle 
refrigeration systems. In addition, the temperature of the con 
tents of such a cabinet can vary by over 10° C. betWeen the top 
and the bottom of the cabinet. Using the modi?cations to the 
cabinet described herein, this variation can be reduced to 
beloW 5° C. The invention also enables the refrigerator sys 
tem to be used in elevated ambient temperatures (Well above 
‘domestic room’ temperatures) of up to 60° C., While main 
taining the contents of the cabinet beloW 50° C. and With a 
reduced variation of temperature Within the enclosure. An 
effective minimum AT of 15° C. can be maintained for the 
contents of the cabinet doWn to around room temperature 
ambient (around 20-25° C.). 
[0030] Because the equipment cabinet is required to be 
thermally isolated from the external environment, a vent may 
be added to the cabinet to ensure that noxious or explosive 
gases (such as hydrogen) are dissipated to the external envi 
ronment, thus avoiding any explosive build up of gas Within 
the cabinet, Which could be generated during operation of the 
equipment therein. 
[0031] Other embodiments are intentionally Within the 
scope of the invention, as de?ned by the appended claims. 

1. A temperature-controllable equipment cabinet compris 
ing a diffusion-absorption refrigeration cycle system, an 
evaporator pipe of the refrigeration system extending through 
a Wall of the cabinet and passing through a sealed enclosure 
for containing a heat transfer liquid, the sealed enclosure 
extending across and forming part of an internal surface of the 
cabinet such that the refrigeration system in use extracts heat 
from Within the cabinet to an external environment. 

2. The equipment cabinet of claim 1 Wherein the Wall of the 
cabinet comprises a layer of thermal insulation through Which 
the evaporator pipe extends. 

3. The equipment cabinet of claim 2 Wherein the evaporator 
pipe passes through a recess provided in the Wall. 
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4. The equipment cabinet of claim 3 wherein the sealed 
enclosure is substantially planar in construction across the 
internal surface of the Wall. 

5. The equipment cabinet of any preceding claim 4 Wherein 
the evaporator pipe passes in a horiZontal direction through an 
upper portion of the sealed enclosure When the cabinet is 
oriented for use such that, in use, convective How of the heat 
transfer liquid aids heat transfer from Within the cabinet. 

6. (canceled) 
7. The equipment cabinet of claim 1, Wherein the evapora 

tor pipe passes through a recess provided in the Wall. 
8. The equipment cabinet of claim 7 Wherein the sealed 

enclosure is substantially planar in construction across the 
internal surface of the Wall. 

9. The equipment cabinet of claim 8, Wherein the evapora 
tor pipe passes in a horizontal direction through an upper 
portion of the sealed enclosure When the cabinet is oriented 
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for use such that, in use, convective How of the heat transfer 
liquid aids heat transfer from Within the cabinet. 

10. The equipment cabinet of claim 1 Wherein the sealed 
enclosure is substantially planar in construction across the 
internal surface of the Wall. 

11. The equipment cabinet of claim 10, Wherein the evapo 
rator pipe passes in a horiZontal direction through an upper 
portion of the sealed enclosure When the cabinet is oriented 
for use such that, in use, convective How of the heat transfer 
liquid aids heat transfer from Within the cabinet. 

12. The equipment cabinet of claim 1, Wherein the evapo 
rator pipe passes in a horiZontal direction through an upper 
portion of the sealed enclosure When the cabinet is oriented 
for use such that, in use, convective How of the heat transfer 
liquid aids heat transfer from Within the cabinet. 

13. The equipment cabinet of claim 1 Wherein the heat 
transfer liquid includes a mixture of Water and glycol. 

* * * * * 


