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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MECHANICAL STRUCTURES FOR ELECTRONIC EQUIPMENT -
THERMAL MANAGEMENT FOR CABINETS IN ACCORDANCE
WITH IEC 60297 AND IEC 60917 SERIES -

Part 1: Design guide: Interface dimension and provision
for thermoelectrical cooling systems (Peltier effect)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 62610-1, which is a technical specification, has been prepared by subcommittee 48D:
Mechanical structures for electronic equipment, of IEC technical commitiee 48:
Electromechanical components and mechanical structures for electronic equipment.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
48D/393/DTS 48D/405/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 62610 series can be found, under the general title Mechanical
structures for electronic equipment — Thermal management for cabinets in accordance with
IEC 60297 and IEC 60917 series, on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

» transformed into an International standard,
* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

+ amended.

A bilingual version of this standard may be issued at a later date.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

According to the Kyoto Protocol and to the directives of the European Parliament and of the
Council, the usage of coolants with high potential for environmental pollution and global
warming (Global Warming Potential (GWP) factor) is to be avoided.

The most promising alternatives to compressor cooling with e.g. R 134a are compressor
cooling with CO,, active cooling based on the Peltier effect and absorption cooling systems.
Each of these techniques has its advantages and disadvantages.

The compressor cooling with CO, at the current state is more or less efficient, but high
installation costs due to working pressures up to 100 bars makes this technique less
interesting. Another disadvantage of CO, cooling systems occurs out of the physical
properties of this coolant and requires additional cooling power to run this process. This fact
reduces the degree of efficiency enormously.

The Peltier-effect seems to be very promising as the cooling effect is highly dependent of the
properties of the material. Newly tested materials based on either porous materials or nano-
structures show an improvement of the degree of efficiency. Furthermore, Peltier techniques
do not need any kind of coolant and the only moving parts are the fans.

The absorption technique is a very intelligent way for cooling, but it is only profitable in
combination with a heat-regenerator what makes absorption cooling system only feasible in
very few applications.

For more details on mentioned alternatives for cooling, please see Annex A.

With respect to the demands of industry concerning high heat density/hotspots cooling,
available space for the cooling systems, adapting to existing infrastructures, noise emission
and respectively to the fact that conventional coolants like R 134a need to be replaced, this
technical specification was initiated for the definition of dimensional interfaces and
performances guidelines for thermoelectrical cooling systems based on the Peltier effect.

Three different arrangements for thermoelectrical cooling systems within cabinets, called
“mounting locations”, have been regarded where locations 1 and 2 are feasible for cooling a
whole cabinet and location 3 is for hotspot cooling inside the cabinet.

Below is the definition of each mounting location for thermoelectrical cooling systems within
cabinets:

— mounting location 1:  cabinet with inside or outside mounted thermoelectrical cooling
system for the cooling of a whole cabinet;

— mounting location 2:  cabinet with top mounted thermoelectrical cooling system for the
cooling of a whole cabinet;

— mounting location 3:  cabinet with inbuilt thermoelectrical cooling system in form of a
subrack for hot spot cooling.

For a clear definition of interface dimensions and cooling performance guidelines, only
cabinets from the IEC 60297 (19 inch) and IEC 60917 (25 mm) series have been regarded.
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MECHANICAL STRUCTURES FOR ELECTRONIC EQUIPMENT -
THERMAL MANAGEMENT FOR CABINETS IN ACCORDANCE
WITH IEC 60297 AND IEC 60917 SERIES -

Part 1: Design guide: Interface dimension and provision
for thermoelectrical cooling systems (Peltier effect)

1 Scope

This Technical Specification provides guidelines for the installation of thermoelectrical cooling
systems (Peltier effect) within cabinets of the IEC 60297 (19 inch) and IEC 60917 (25 mm)
series.

The cooling performance is in direct relation with the mounting location within a cabinet.

Three typical mounting locations are identified:

mounting location 1:  cabinet with inside or outside mounted thermoelectrical cooling
system for the cooling of a whole cabinet;

mounting location 2:  cabinet with top mounted thermoelectrical cooling system for the
cooling of a whole cabinet;

mounting location 3:  cabinet with inbuilt thermoelectrical cooling system in form of a
subrack for hot spot cooling.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60297 (all parts), Mechanical structures for electronic equipment — Dimensions of
mechanical structures of the 482,6 mm (19 in) series

IEC 60917 (all parts), Modular order for the development of mechanical structures for
electronic equipment practices

3 Arrangement overview

Figure 1 illustrates the three mounting locations for thermoelectrical cooling systems.

NOTE This guideline for mounting thermoelectrical cooling systems applies to any width of cabinets. Second, the
air flow management should satisfy the followings: no airflow short circuit depending on the equipment and the
cable management inside the cabinet.
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IEC 1820/09

Mounting location 1: Mounting location 2: Mounting location 3:
cabinet with cabinet with cabinet with inbuilt
thermoelectrical cooling thermoelectrical thermoelectrical
system inside or outside cooling system top cooling system for hot
mounted for the cooling mounted for the spot cooling.
of a cabinet. cooling of a whole

cabinet.

Figure 1 — Arrangement overview

4 Mounting location 1: cabinet with inside or outside mounted thermoelectrical
cooling system in a vertical alignment

4.1 Cabinet with inside mounted thermoelectrical cooling system in a vertical
alignment

411 General
Figure 2 illustrates the mounting positions of the thermoelectrical cooling system and the

direction of the air circulation. For the individual application, the provided cabinet dimensions
should be used as a reference.

4.1.2 Overview

Figure 2 compares inside mounted Peltier cooling systems versus external mounted Peltier
systems.
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The air inside the cabinet flows in vertical
internal circulation.

—9-

direction from the bottom to the top for optimal

w, d_x
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/ ¥
* N D
74 O -— —"
IEC 1821/09 w ™ D IEC 1822/09
Figure 2a — Cabinet with inside mounted Figure 2b — Cabinet with outside mounted
thermoelectrical cooling system in a thermoelectrical cooling system in a
vertical alignment vertical alignment
Key
w width of the cabinet
depth of the cabinet
H height of the cabinet
w < 75 mm, width of the thermoelectrical cooling system
d depth of the thermoelectrical cooling system
h height of the thermoelectrical cooling system

Figure 2 — Mounting location 1
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The required airflow space (/#,) between two cabinets or a cabinet and a wall (as shown in
Figure 3) may be reduced by mounting the Peltier system inside the cabinet. For the given
dimension of the cabinets by IEC 60297 series (19 inch) and IEC 60917 series (25 mm), the
width w of the thermoelectrical cooling system must be less than 75 mm.

w},y‘

/ il
o e F Y
NinE AR "
= ; | = i
— = _..-f"/
e —
W B ” > D
IEC 1823/09
Key
w width of the cabinet
D depth of the cabinet
H height of the cabinet
w < 75 mm, width of the thermoelectrical cooling system
d depth of the thermoelectrical cooling system
h height of the thermoelectrical cooling system
W distance between cabinets or distance between cabinet and wall

Figure 3 — Mounting location 1: arrangement of two cabinets
with inside mounted Peltier system and minimized distance W,

4.1.3 Performance guideline for cabinets with inside or outside mounted
thermoelectrical cooling system

Figure 4 shows a cooling performance guideline of a cabinet with a vertically-aligned inside or
outside mounted Peltier system. Due to the fact that the cooling power of Peltier elements is a
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function of the input of electrical power (current [A] and voltage [V]), the diagram illustrates
two ranges of possible cooling powers in dependency of the given dimensions of a cabinet.

1000 :,’:;
.

height of the cabinet

Figure 4 — Performance guideline for cabinets with inside
mounted thermoelectrical cooling system

2100

IEC 1824/09
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4.2 Cabinet with inside mounted thermoelectrical cooling system in a horizontal
alignment

This subclause is a guideline for mounting thermoelectrical cooling systems in a vertical
alignment if the width W of the cabinets allows horizontal installation. The main advantage is
an optimal air circulation inside the cabinet for best heat removal and an increase in the
cooling intensity.

S .
BNy p
H f | D
| . )
>4 N (o=
T || N
D]"”fj”f"‘" : / w Wi
—W___"T IEC 1825/09

Key

w width of the cabinet

D depth of the cabinet

H height of the cabinet

w < 75 mm, width of the thermoelectrical cooling system

d depth of the thermoelectrical cooling system

h height of the thermoelectrical cooling system

W distance between cabinets or distance between cabinet and wall

Figure 5 — Mounting location 1a: cabinet with side mounted thermoelectrical
cooling system in a horizontal alignment

It is recommended to separate the outlet and the inlet of the external air circulation to prevent
a short circuit of the cooling units.
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Moreover, the distance W between the two cabinets or a cabinet and a wall shall be kept to a
minimum. Therefore, mounting the cooling system inside the cabinet has a great advantage,
but requires a depth of the cooling system less than w < 75 mm.

5 Mounting location 2: cabinet with top mounted thermoelectrical cooling
system for the cooling of a whole cabinet

5.1 Overview

Figure 6 illustrates the principal application of a top mounted cooling system.

It shall be assured that the outlet of the cooled air stream allows an air circulation inside the
cabinet. Nevertheless, the total height # of the thermoelectrical cooling system shall be less
than 180 mm.

Cooling unit /External fan

e,’q 1

Internal fan 3

IEC 1826/09

Key

W width of the cabinet

D depth of the cabinet

H height of the cabinet

d depth of the thermoelectrical cooling system

h < 180 mm, height of the thermoelectrical cooling system

hy height of the fan unit

Figure 6 — Mounting location 2: cabinet with top mounted thermoelectrical
cooling system
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5.2 Cooling performance in cabinets with top mounted thermoelectrical cooling
systems

Figure 7 illustrates the performance guideline for a top mounted thermoelectrical cooling
system in a cabinet with given dimensions W and D. The possible cooling power is limited to
the dimension of the cooling system on the one side; on the other side the cooling power is
dependent on the used electrical power for the Peltier elements. It is independent of the
height A of the cabinet.

600
1

500 max

400

300 t—Imin

200

100

0
500 600 700 800 900 1000 1100
H (mm)
IEC 1827/09

Key
I ax maximum applied current to the thermoelectrical cooling unit
Tin minimum applied current to the thermoelectrical cooling unit

0, effective cooling power of the thermoelectrical cooling unit
H height of the cabinet

Figure 7 — Performance guideline for a top mounted thermoelectrical cooling system

6 Mounting location 3: cabinet with inbuilt thermoelectrical cooling system for
hot spot cooling

6.1 Overview

Figure 8 demonstrates the inbuilt thermoelectrical cooling system for hot spot cooling. This
allows both an active cooling and a passive heat-exchanging. In passive mode, only the hot
side fan of the thermoelectrical cooling system is on and transports fresh air from the inlet at
the bottom through the cabinet to the air outlet on the (back-) side. In active cooling mode,
both fans of the cooling system are operating. One air fraction is cooled and the second air
fraction transports the heat outside the cabinet.
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This inbuilt cooling system requires an air inlet and an air outlet in the cabinet and one
assembly that connects the thermoelectrical cooling system with the cabinet. The air outlet
dimensions in the cabinet are similar to the dimensions of the thermoelectrical cooling system
w and h. The height Hg should be adapted individually to the mounted components in the
cabinet for best performance of hot spot cooling.

< ___________ P
=

D
IEC 1828/09 IEC 1829/09
Figure 8a — Cooling operating mode Figure 8b — Fan units operating mode

Key

W width of the cabinet

D depth of the cabinet

H height of the cabinet

d depth of the thermoelectrical cooling system

h < 180 mm, height of the thermoelectrical cooling system
w £ 75 mm, width of the thermoelectrical cooling system

Hgand d_ are arbitrary (m3/h)

Figure 8 — Mounting location 3
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According to the given dimensions of IEC 60297 series (19 inch) and IEC 60917 series (25
mm), the height /4 of the thermoelectrical cooling system shall be less than 1U (44,45 mm) and
the width w shall be less than 19 inch (482,6 mm).

6.2 Cooling performance for an inbuilt thermoelectrical cooling system for hot spot
cooling

Figure 9 illustrates the performance of an inbuilt thermoelectrical cooling system for hot spot
cooling. The dimensions of the cooling system are given by IEC 60297 series (19 inch) and
IEC 60917 series (25 mm) with 2 = 44,45 mm and w = 482,6 mm, and the depth 4 is limited to
the depth D of the cabinet.

The following diagram shows a range of possible cooling powers for the active mode at a
given cabinet depth of D = 600 mm.

350
Ima
300 “/
250
200
z
é»)) \Imin
150
100
50
0
200 210 220 230 240 250 260 270 280 290 300
y  (m3h)
IEC 1830/09
Key
I ax maximum applied current to the thermoelectrical cooling unit
Iin minimum applied current to the thermoelectrical cooling unit
0, effective cooling power of the thermoelectrical cooling unit
v total airflow

Figure 9 — Performance guideline for inbuilt thermoelectrical cooling system
for hot spot cooling

7 Remark

For the objective comparison of different cooling systems of different suppliers based on
Peltier-Effect, it is necessary to develop a new technical specification for the measurement
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set up. The fact that this type of cooling system is dependent on several variables like
airflows, voltage, materials of the Peltier elements, temperatures, and other effects such as
the cooling power can vary in a huge range. With this measurement set up, it will be possible
to maximize the efficiency of the cooling unit over a wide range of different operating
conditions.
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Annex A
(informative)

Heat management under environmental aspects

A.1  General

Both cooling and heating become more and more essential nowadays and the total amount of
heat transferred increases every year. Cooling application range is very large, be it the
domestic refrigerator, the water dispenser in the office, mini-bars in hotel rooms, the air
conditioner in cars, trains and busses, cold stores in supermarkets, dry freezing in food
industry, server rooms in information technology and many other applications.

Owing to greenhouse effect and global warming, conventional refrigerants became more and
more disreputed, even some are already forbidden by law.

Since 1987, the usage of many conventional refrigerants had to be reduced and phased out
according to the Montreal Protocol [1]1 on substances that deplete the ozone layer.

In the early 1990s, R 134a was introduced as a replacement for Dichlorodifluoromethane
(R-12). It has insignificant ozone depletion potential (ozone layer), significant global warming
potential (GWP = +1 300) and negligible acidification potential (acid rain)[2].

Thus R 134a has been subject to use restrictions due to its contribution to climate change. In
the EU, it will be banned as from 2011 in all new cars [3] for air conditioning in accordance
with the Kyoto Protocol (1997) and the directives of the European Parliament and of the
Council. California may prohibit the sales of canned HFC-134a to individuals to avoid non-
professional recharge of air conditioners. A ban has been in place in Wisconsin since October
1994 under ATCP 136 prohibiting sales of container sizes holding less than 15 Ibs of
refrigerant [4]. More restrictions are to be expected in the future.

Therefore in the next years a lot of research has to been done to find cooling systems that
meet all economic, ecologic and safety demands.

The main reason why Peltier technology is preferable as a thermoelectrical cooling system is
given in the next clauses.

1 The figures in square brackets refer to the Bibliography.
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A.2 Environmental aspects

The current CO, emission situation, illustrated in Figure A.1, shows the need of new "green"
technology.

« 31,5
-
-
ey -
> Without any counteractions #
:C’ - " Kyoto
il *
3 3
2 a
o *
o) 232 # 2008
© TO
2012
s T
211 aim - 220
1990 1995 2000 2005 2010

IEC 1831/09

Figure A.1 — Current CO, emission situation

Figure A.2 illustrates the global concentration of carbon dioxide in the atmosphere. Therefore
it is necessary to decrease the emission of CO,. As thermoelectrical cooling systems based
on the Peltier effect do not use any kind of refrigerant, this way of cooling reduces the
emission of CO, and the emission of any ozone layer destroying substances. Furthermore the
GWP value of Peltier cooling systems is 1 (compared to 1 340 of R 134a).
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Figure A.2 — Changes in greenhouse gases from ice-core and modern data [5]
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As shown in Figure A.3, the incoming and the outgoing radiation is not balanced at the
moment, which leads to a positive sum of the incoming solar irradiance. This leads to the
global warming.
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Figure A.3 — Radiative forcing of climate between 1750 and 2005 [4]

A.3 Application range

A.3.1 R 134a compressor cooling units

The range for effective cooling power is between 200 W and +10 kW. There is a limitation by
the ambient temperature. It should not be greater than 55 °C due to the thermodynamic
properties of the refrigerants. The maximum working pressure is +28 bar. The GWP is
+ 1 300.

A.3.2 CO, compressor cooling units

The range for effective cooling power is between 200 W and +10 kW. There is a limitation by
the ambient temperature. It should not be greater than 31 °C due to the thermodynamic
properties of the refrigerants. The maximum working pressure is +100 bar. The GWP is 1.

A.3.3 Absorption cooling units

The range for effective cooling power is between 2 kW and up. There are only negligible
limitations by temperature (ambient temperature of £55 °C). The main problem is that for high
COP a waste heat recovery is necessary.

‘NV3ANg ATddNS MO09 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3ISN TYNYILNI JOd

‘FHOTVONVL/IHONVY - PoHWIT NODIIN OL 3aSNIDIT



TS 62610-1 © IEC:2009(E) ~21-

A.3.4 Peltier cooling units

The range for effective cooling power is between 25 W and 1,2 kW. There is no limitation for
the ambient temperature. Only the properties of the used materials of the cooling units limit
the temperature range. The maximum working pressure is =1 bar, as there is no use of any
kind of refrigerant at all. The GWP is 1.

A.4 Technical aspects

According to EN 814 the boundary conditions for cooling units is set at a maximum ambient
temperature of 35 °C and 50 °C, for safety reasons up to 55 °C. The effective cooling power is
between £50 W and 1 500 W.
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Figure A.4 — Coefficient of performance depending on the cooling power
at the boundary conditions of 7, = 50 °C

The COP for the steady state of different cooling system is a function of the ambient
Temperature T, as shown in Figure A.4. For lower ambient temperatures the COP increases
for the CO, compressor cooling, whereas it decreases for the Peltier cooling system.

Figure A.5 illustrates that it is possible to decrease the total power consumption with an
intelligent control system. Compressors are mostly controlled by a on/off switch whereas
Peltier devices are powered by a d.c. current. For given fixed boundary conditions, the total
power consumption of both cooling systems is the hatched areas shown in Figure A.5. Peltier
cooling devices are able to work more efficiently depending on boundary conditions.
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Figure A.5 — Electrical power usage of compressor cooling unit versus Peltier cooling
unit at given ambient temperature and given heating dissipation to keep
the internal temperature fixed

A.5 Summary

A comparison of the different cooling systems is given in the following Table A.1 by listing the
advantages und disadvantages.

Table A.1 — Advantages and disadvantages of different cooling systems

Cooling process

Advantages

Disadvantages

134a compressor cooling

technically mature, high COP's,
working pressure: 28 bars

GWP =1 300, therefore forbidden in
automotive industries

CO, compressor cooling

GWP =1

low COP's, in developmental state, no
phase change at the current state

Absorption cooling

GWP =1

high COP only in combination with waste
heat recovery.

Peltier cooling

no refrigerants at all, GWP = 1, no

moving parts but fans, flat design,
continuously control possible, low
maintenance

COP depends on temperatures, range of
cooling power is limited by 1,2 kW, at
current state expensive

At the moment the disadvantages of Peltier cooling prevail because but the high investments
in material research promises new Peltier devices with higher COP's. The newest results are
to be presented at the 28th International Conference on Thermoelectrics and the 7th
European Conference on Thermoelectrics in Freiburg, Germany on July 26 - 30, 2009 2],

2 The official Internet website of this conference can be found under <http://ict2009.its.org>.
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