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A diffusion-absorption refrigerator System (1) comprising a 21) Appl. No.: 12A6O1122 (21) Appl. No 9 condenser pipe (6) passing through and Surrounded by a 
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9 defining an internal cavity Surrounding the condenser pipe for 
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sink transverse the condenser pipe tapering to a minimum 
S371 (c)(1), thickness towards an upper end when oriented for use of the 
(2), (4) Date: May 17, 2010 refrigerator system. 

18 2 
  



ent Application Publication Sep. 30, 2010 Sheet 1 of 4 

  



US 2010/024253.0 A1 Sep. 30, 2010 Sheet 2 of 4 Publication Patent Application 

  





Patent Application Publication Sep. 30, 2010 Sheet 4 of 4 US 2010/024253.0 A1 

S5°C 

  



US 2010/024253.0 A1 

CONDENSER HEATSNK 

FIELD OF THE INVENTION 

0001. The invention relates to improvements in perfor 
mance of diffusion-absorption cycle refrigerator systems, in 
particular for use with temperature controlled enclosures for 
containing temperature-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 signifi 
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 field 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 efficient 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 filters. 
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 fluids, 
are reliable, silent and relatively inexpensive to build and have 
no moving parts. However they have a relatively low refrig 
eration Coefficient of Performance (COP), which needs to 
be improved so that electronic and electrical equipment Such 
as industrial reserve power batteries can efficiently be cooled. 
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0007. One of key reasons for poor performance of existing 
diffusion-absorption cycle refrigerator systems is the poor 
heat transfer from heatsink fins on the condenser to the exter 
nal ambient environment. In general heatsink fin geometries, 
the region of the fins further from the base plays less of a role 
in the total heat transfer rate compared with the region closest 
to the fin base, which dominates the rate of heat transfer. In 
typical traditional diffusion absorption cycle systems the con 
denser fin arrangement leads to Sub optimal heat transfer 
away from the condenser, meaning that the cycle runs at 
higher temperatures and lower efficiencies. 
0008. It is an object of this present invention to provide 
more efficient diffusion-absorption refrigerator systems for 
use with temperature controlled enclosures for electrical and 
electronic components such as industrial reserve power bat 
teries. 

SUMMARY OF THE INVENTION 

0009. In accordance with the invention there is provided a 
diffusion-absorption refrigerator system comprising a con 
denserpipe passing through and Surrounded by a heatsink, the 
heatsink comprising a sealed enclosure defining an internal 
cavity Surrounding the condenser pipe for containing a heat 
transfer liquid, a cross-section of the heatsink transverse the 
condenser pipe tapering to a minimum thickness towards an 
upper end when oriented for use of the refrigerator system. 
0010. Using improved diffusion absorption refrigeration 
cycle systems in accordance with the invention leads to a 
lower cost and higher efficiency for a wider range of ambient 
temperatures than with existing solutions. The temperature of 
industrial batteries can then be cooled more effectively, as the 
batteries can easily be thermally separated from other items 
of equipment in Small enclosures that emit only a small 
amount of heat when on trickle charge. With adaptations to 
the systems as described herein, cooling performance can be 
enhanced and COPs improved. 
0011. Using a heatsink in the form of the liquid-filled 
sealed enclosure of the invention results in various improve 
ments in performance of the diffusion absorption cycle sys 
tem, including that of an improved thermal performance in 
dissipating heat from the condenser pipe into a heat transfer 
liquid within the enclosure. The heat transfer liquid is pref 
erably a mixture of water and glycol, used due to its high heat 
capacity. 
0012 Aspects of the invention can be obtained at low cost 
by modification of a standard diffusion absorption system 
through the addition of the sealed enclosure by wrapping the 
enclosure around the condenser pipe. 
0013 The sealed enclosure may be formed 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 an existing condenser pipe. 
0014 No moving parts such as fans are required, which 
would increase maintenance costs of the equipment. Instead, 
heat dissipation from the condenser pipe is achieved more 
effectively without the need for forced convection. A fan may 
optionally be added to the system to further enhance cooling 
performance, but at the cost of increased complexity. 
0015 Testing has indicated that a temperature difference 
(AT) in the region of 15°C., between the inside of a tempera 
ture-controlled enclosure (e.g. for industrial batteries) and an 
external ambient environment, can be obtained using a stan 
dard 80 W diffusion absorption cycle system. Using a modi 
fied system with a heatsink according to the invention results 
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in an enhancement of typically over 5°C. in this temperature 
difference. This enables the system to be used at higher ambi 
ent temperatures, while still keeping the contents of the enclo 
Sure within their ideal operating temperature range. The 
modified system is therefore typically able to operate effec 
tively in ambient temperatures of up to 60° C. while main 
taining the contents of the enclosure below 45° C., and is able 
to maintain an effective AT of 15°C. down to room tempera 
ture. 

DETAILED DESCRIPTION 

0016. The invention will now be described by way of 
example, and with reference to the enclosed drawings in 
which: 
0017 FIG. 1 is a perspective view of a diffusion absorp 
tion refrigeration cycle system having a fluid filled enclosure 
on the condenser pipe; 
0.018 FIG. 2 is a cross-sectional view of the diffusion 
absorption refrigeration cycle system of FIG. 1, when 
attached to a wall of an equipment enclosure; 
0019 FIG. 3 is a perspective view of a standard diffusion 
absorption refrigeration cycle system having a heatsink com 
prising metal fins on the condenser pipe; 
0020 FIG. 4 is an isometric sketch view of an exemplary 
heatsink; and 
0021 FIG. 5 is an isometric sketch view of a standard 
finned condenser pipe heatsink. 
0022 FIG. 1 illustrates an exemplary diffusion absorption 
refrigeration cycle system 5 according to an aspect of the 
invention. The system 5 comprises an evaporator pipe 4 for 
extracting heat from a connected system, as described further 
in relation to FIG. 2, and a condenser pipe 16 for transporting 
this heat to an external environment. Aheatsink 11 is attached 
around the condenser pipe 16, described in more detail below. 
0023. With reference to FIG. 2, the diffusion absorption 
refrigeration cycle system 5 of FIG. 1 is illustrated in cross 
section. The system 5 is attached to a wall 9 of a temperature 
controllable cabinet such that the interior 8 of the cabinet is 
cooled by the evaporator pipe 4 of the system 5, and heat 
extracted from the interior 8 is pumped by the system 5 to the 
exterior 7 of the cabinet. The wall 9 comprises a layer of 
insulation 10, which may itself form the external surface of 
the wall 9 or be further enclosed by another layer of material 
Such as a metal sheet or casing. The cabinet is preferably 
configured and used for containing temperature-sensitive 
electrical and electronic equipment, so as to maintain the 
equipment within a desired temperature range by operation of 
the refrigeration system. A typical temperature range is 
around room temperature (i.e. 20-25°C.) or above, within 
which equipment Such as lead-acid batteries tend to operate 
most efficiently. 
0024. A liquid-filled enclosure, or thermo-siphon 3, is 
attached to the inside of the wall 9, forming a sealed vessel 
Surrounding the evaporator pipe 4. The enclosure 3 comprises 
one or more filling points for introducing liquid 12 into the 
enclosure once it has been fixed in place around the evapora 
torpipe 4. The liquid filled 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 fixing 
methods, for example at fixing points 2a, 2b on the edge of the 
enclosure 3. 
0025. 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 
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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. 
0026. The size of the thermo-siphon is preferably opti 
mised to provide a balance between thermal efficiency in heat 
transfer, cost of manufacture, fit with the refrigeration cycle 
and weight of fluid. 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. 
0027 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 efficiency of the thermo-siphon effect. 
0028. The liquid-filled sealed enclosure 6 surrounding the 
evaporator pipe 4 has the advantage of preventing ice forming 
on the evaporator pipe in use, and allows a more even tem 
perature distribution throughout the interior of the cabinet. 
The use of the first sealed enclosure in the form of a heatsink 
11 around the condenser pipe together with a second sealed 
enclosure 6 around the evaporator pipe 4 allows for an 
improved refrigerator system that operates more efficiently 
and requires less maintenance. 
0029. The heatsink 11 is configured to facilitate heat flow 
away from the condenser pipe 16 around which it is attached. 
The heatsink 11 is preferably formed by a metal sheet being 
wrapped around the condenser pipe 16, and sealed at the 
upper edge 21 and opposing side portions 21a, 21b (FIG. 1). 
This forms a sealed cavity for containing a heat transfer liquid 
17 within. A filling port 18 is provided for introducing the heat 
transfer liquid, which may comprise water or another Suitable 
liquid Such as a water-glycol mixture. Expansion of the heat 
transfer liquid due to heating can be accommodated by flex 
ing of the side walls 23 of the heatsink 11. Introduction of the 
heat transfer liquid can be carried out once the heatsink 11 is 
fixed in place around the condenser pipe 16. In the embodi 
ment shown in FIG. 1, the heatsink fins normally present on 
the condenserpipe 16 (see FIGS.3 and5) have been removed, 
although this is not a prerequisite for improving the system 5. 
0030 The heatsink 11 may be attached to the condenser 
pipe 16 by way of welding, gluing or other mechanical fixing 
means, provided a liquid seal is made to prevent any liquid 
being lost to the environment. In FIG.1, the side portions 21a, 
21b are shown attached to the condenser pipe 16 along a weld 
line 7. The enclosure formed by the heatsink 11 is preferably 
widest in cross-section at the point where the heatsink 11 
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wraps around the condenser pipe 16, so as to encourage 
convective flow in the liquid 17 around the hot condenser pipe 
16. 

0031. For comparison, FIG. 3 illustrates a standard diffu 
sion absorption refrigeration cycle system 30 comprising a 
condenser pipe 16 having a heatsink 31 in the form of solid 
metal fins, configured to increase the available Surface area 
for improving heat dissipation away from the condenser pipe 
16. Such heatsinks rely mainly on thermal conduction 
through the metal fins to dissipate heat away from the con 
denser pipe 16. By comparison, the heatsink 11 in the form of 
the liquid-filled enclosure of the present invention has the 
benefit of liquid convention to accelerate heat transport away 
from the condenser pipe 16. 
0032. As shown in sketch form in FIG. 4 and FIG. 5, a 
temperature difference across the liquid filled heatsink 11 of 
40° C. (95°C. to 45° C.: FIG. 4) is possible, compared with 
30° C. (95° C. to 65° C. FIG. 5) for the conventional solid 
metal heatsink 30. 
0033. The general preferred shape of the enclosure 2 is 
that of a wing. i.e. having the form of a Substantially uniform 
cross-section with a rounded lower end and a tapering upper 
end. Such a cross-sectional shape results in a further benefit 
from convective flow of air around the enclosure 2, thereby 
further improving heat dissipation from the condenser pipe 
16. 
0034. The size of the heatsink is preferably optimised to 
provide a balance between: i) thermal efficiency in dissipat 
ing heat; ii) cost of manufacture; iii) fit with the refrigeration 
cycle system to which it is to be attached; and iv) weight of the 
heat transfer liquid. For example, the heatsink may be 
required to fit within the available footprint around the equip 
ment enclosure. 
0035. The heatsink being shaped in the form of a wing 
orientated vertically allows the most effective and uninter 
rupted hot air flow up the side of the equipment cabinet, from 
the base of the system to the external ambient environment. A 
typical heatsink will have a surface area of a sufficient size to 
reduce the temperature at the end of the condenserpipe by 20° 
C. when compared to an equivalent finned condenser pipe. 
0036 Because the equipment cabinet to which the system 
of the invention is configured to be attached 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. 
0037 Other embodiments are intentionally within the 
Scope of the invention, as defined by the appended claims. 

1. A diffusion-absorption refrigerator System comprising: 
a heatsink; 
a condenser pipe passing through and Surrounded by the 

heatsink, the heatsink comprising a sealed enclosure 
defining an internal cavity Surrounding the condenser 
pipe for containing a heat transfer liquid, a cross-section 
of the heatsink transverse the condenser pipe tapering to 
a minimum thickness towards an upper end when ori 
ented for use of the refrigerator system. 

2. The system of claim 1 wherein the heatsink is shaped in 
the form of a wing comprising a substantially uniform cross 
section with a rounded lower end and a tapering upper end. 
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3. The system of claim 2 wherein the heatsink comprises a 
section sealed at opposing ends by first and second end por 
tions defining the cross-section, the middle section wrapping 
around the condenser pipe. 

4. The system of claim 3 wherein the heatsink comprises a 
filling port for introducing the heat transfer liquid into the 
cavity. 

5. The system of claim 4 wherein the cross-section of the 
heatsink is Substantially uniform along a length direction 
parallel to the condenser pipe. 

6. A temperature-controlled system comprising: 
an enclosure; 
a diffusion-absorption refrigerator system operatively con 

nected to the enclosure, the diffusion-absorption refrig 
erator system comprising: 

a heatsink; 
a condenser pipe passing through and Surrounded by the 

heatsink, the heatsink comprising a sealed enclosure 
defining an internal cavity Surrounding the condenser 
pipe for containing a heat transfer liquid, a cross-section 
of the heatsink transverse the condenser pipe tapering to 
a minimum thickness towards an upper end when ori 
ented for use of the refrigerator system. 

7. A temperature-controllable equipment cabinet compris 
ing: 

a wall; 
a diffusion-absorption refrigeration cycle system compris 

ing: 
a heatsink; 
a condenser pipe passing through and Surrounded by the 

heatsink, the heatsink comprising a sealed enclosure 
defining an internal cavity Surrounding the condenser 
pipe for containing a heat transfer liquid, a cross-section 
of the heatsink transverse the condenser pipe tapering to 
a minimum thickness towards an upper end when ori 
ented for use of the refrigerator system; and 

a evaporator pipe, 
wherein the evaporator pipe of the refrigeration system 

extends through the wall of the cabinet and passes 
through a second 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. 

8. The equipment cabinet of claim 7 wherein the wall of the 
cabinet comprises a layer of thermal insulation through which 
the evaporator pipe extends. 

9. The equipment cabinet of claim 8 wherein the evaporator 
pipe passes through a recess provided in the wall. 

10. The equipment cabinet of claim 9 wherein the second 
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 second sealed enclosure when the cabinet is 
oriented for use such that, in use, convective flow of the heat 
transfer liquid aids heat transfer from within the cabinet. 

12. The system of any of claim 5 wherein the internal cavity 
of the sealed enclosure contains a mixture of water and glycol 
as the heat transfer liquid. 

13. (canceled) 
14. The system of claim 1, wherein the heatsink comprises 

a section sealed at opposing ends by first and second end 
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portions defining the cross-section, the middle section wrap 
ping around the condenser pipe. 

15. The system of claim 1, wherein the heatsink comprises 
a filling port for introducing the heat transfer liquid into the 
cavity. 

16. The system of claim 1, wherein the cross-section of the 
heatsink is Substantially uniform along a length direction 
parallel to the condenser pipe. 

17. The system of claim 1 wherein the internal cavity of the 
sealed enclosure contains a mixture of water and glycolas the 
heat transfer liquid. 

18. The equipment cabinet of claim 7, wherein the evapo 
rator pipe passes through a recess provided in the wall. 

19. The equipment cabinet of claim 7, wherein the second 
sealed enclosure is Substantially planar in construction across 
the internal surface of the wall. 
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20. The equipment cabinet of claim 7, wherein the evapo 
rator pipe passes in a horizontal direction through an upper 
portion of the second sealed enclosure when the cabinet is 
oriented for use such that, in use, convective flow of the heat 
transfer liquid aids heat transfer from within the cabinet. 

21. The system of claim 6, wherein the heatsink is shaped 
in the form of a wing comprising a Substantially uniform 
cross-section with a rounded lower end and a tapering upper 
end, wherein the heatsink comprises a section sealed at 
opposing ends by first and second end portions defining the 
cross-section, the middle section wrapping around the con 
denser pipe, wherein the heatsink comprises a filling port for 
introducing the heat transfer liquid into the cavity, and 
wherein the cross-section of the heatsink is Substantially uni 
form along a length direction parallel to the condenser pipe. 
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