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INTERNATIONAL ELECTROTECHNICAL COMMISSION

A METHOD OF TEMPERATURE-RISE VERIFICATION OF LOW-VOLTAGE

SWITCHGEAR AND CONTROLGEAR ASSEMBLIES BY CALCULATION

FOREWORD

| national electrotechnical committees (IEC National Committees). The object of IEC is to promote internat
b-operation on all questions concerning standardization in the electrical and electronic fields. To ghisveng
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rey
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).

Feparation is entrusted to technical committees; any IEC National Committee interested in the subject deal
ay participate in this preparatory work. International, governmental and non-governmental organizations lig
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatid
tandardization (ISO) in accordance with conditions determined by agreement betwegen-the two organizatio|

he formal decisions or agreements of IEC on technical matters express, as nearly‘as possible, an internaf
bnsensus of opinion on the relevant subjects since each technical committee-has representation fro
terested IEC National Committees.
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sessment services and, in some areas, access to"l\EC marks of conformity. IEC is not responsible fo
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Il users should ensure that they have the latest edition of this publication.

o liability shall attach to IEC or its directafs,” employees, servants or agents including individual expertg
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IEC TR 60890 has been prepared by subcommittee 121B: Low-voltage switchgear and
controlgear assemblies, of IEC technical committee 121: Switchgear and controlgear and their

ass

emblies for low-voltage. It is a Technical Report.

This third edition cancels and replaces the second edition published in 2014. This edition

con

stitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

rlgnment—wi-t-h—l&’“ 64439-1-2020;
ddition of individual annexes for guidance of technical explanations related to:

1 effect of an uneven power distribution;

1+ additional temperature-rise due to solar radiation;

1+ effect of different enclosure materials;

1 effect of different natural ventilation management;

1+ forced ventilation management;

+ power losses calculation;

1 impact of an adjacent wall can have on the assembly cooling surface(s);
maximum internal ambient temperature limit into an assembly;

alidity area of the calculation extended from 3 1507A to 3 200 A;

addition of an algebraic equation to the different'curves included in the document.

Theltext of this Technical Report is based on the following documents:

Full
the

Draft Report on voting

121B/136/DTR 121B/147/RVDTR

information on the voting for its"approval can be found in the report on voting indicatg
hbove table.

The[language used for the development of this Technical Report is English.

Thi§ document was drafted in accordance with ISO/IEC Directives, Part 2, and develope

acc

ordance with 1SO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avail

at Wwww.iec.chimembers_experts/refdocs. The main document types developed by IEC

des

Cribed in greater detail at www.iec.ch/publications.

The|cammittee has decided that the contents of this document will remain unchanged unti

din

d in
able
are

the

sta
spe
[ )
[ ]
[ )

ility date indicated an the |IEC webhsite under webstore iec ch in the data related to
cific document. At this date, the document will be

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

the

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

In the series of design verifications of IEC 61439-1 a temperature-rise verification of low-voltage
power switchgear and controlgear assemblies—(hereaftercalled-ASSEMBLIES) is specified. This
may can be by test, however, alternatives are acceptableunder defined circumstances.
Selection of the method used for temperature-rise verification is the responsibility of the original
manufacturer. Where applicable this document-may can also be used for temperature-rise
verification of similar products in accordance with other standards (e.g. IEC 60204-1). The
method of calculation can also be used to determine the thermal power dissipation capability of
an enclosure in accordance with IEC 62208 for a given internal air temperature-rise. The factors

o srous
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A METHOD OF TEMPERATURE-RISE VERIFICATION OF LOW-VOLTAGE
SWITCHGEAR AND CONTROLGEAR ASSEMBLIES BY CALCULATION

1 Scope

Thid document specifies a method of air temp@rature-rise calculation inside enclosures for Jow-
voltage switchgear and controlgear assemblies or similar products in accordance with {heir
resgdective standard.

The[method is primarily applicable . to enclosed assemblies or partitioned sections of assemblies
withjout forced ventilation. Howener, some technical guidance to adapt it for the use of fofced
veniilation is given in this décument. The results obtained by using this method are dirgctly
infllenced by the accuracy of the evaluation of power losses used as inputs to perform| the
thermal calculations.

NOTE The air temperatuyre within the enclosure is equal to the ambient air temperature outside the enclosureg plus
the t¢mperature-risetQf tHe air inside the enclosure caused by the power losses of the installed equipment.

For the methed to be applied, the maximum daily average ambient air temperature outsidg the
ass¢mbly at'the place of installation is specified between 10 °C and 50 °C. The maximum daily
temperatuse does not exceed the maximum daily average temperature by more than 5 K.

Several annexes in this document provide guidance on how temperature-rise within assemblies
can be affected by influences which are not considered in the calculation method included in
this document, for example, when the assembly is subject to solar radiation. In such cases,
different means of verification to that given in this document can be applied to ensure a definitive
result and verification of the design.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.
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IEC

IEE

61439 (all parts), Low-voltage switchgear and controlgear assemblies

E C37.24-2017, IEEE Guide for Evaluating the Effect of Solar Radiation on Outdoor Metal-

Enclosed Switchgear

3 Terms and definitions
For mmmmmmm—dmm—m—ﬁe&w ; it i i rts)
apply.

QY
ISOland IEC maintain terminological databases for use in standardization at folloying
addfesses: (19
e |EC Electropedia: available at http://www.electropedia.org/ Q-
e |SO Online browsing platform: available at http://www.iso.org/obp ch
4 |Verification conditions—for-application &Q~

When this ﬁ%d of calculation is applied to low-voltage switchgear and controlgear
assTmineS@?

ollowing conditions shall be fulfilled:

he (s;%mbly is designed for AC currents and frequencies up to and including 1 600 A, 60
HzX(For higher current ratings or frequencies, the method could be used with additipnal

VErifications taking Into account the erfect o1 eddy-currents on the temperature distribution
inside the assembly as required by the relevant product standards.

NOTE 1 In IEC 61439-2, additional requirements for currents in excess of 1 600 A are specified to take into
account the considerably increased power losses due to magnetic effects (eddy currents, proximity effect, skin
effect)

the assembly is designed for DC currents up to and including 3 200 A. For higher current
ratings the method could be used with additional verifications as required by the relevant
product standards;

conductors carrying currents in excess of 200 A AC, and the adjacent structural parts are
so arranged that eddy-current and hysteresis losses are negligible;

there is an approximately even distribution of power losses inside the enclosure;
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the power losses data for all built-in components are available or can be calculated

(see Clause 5);
the installed equipment is so arranged that air circulation is not significantly impeded.

NOTE 2 When this method is used to determine the thermal power dissipation capability of an empty enclosure in
accordance with IEC 62208, the above conditions do not apply.

5

5.1

Calculation method

Assumptions made in this calculation

To yse the calculation method of this document, the following assumptions are deemed@

5.2

A\
he enclosure is made of metal (steel, aluminium, stainless steel) coated (both Pi;@g in
nd outside), insulating material like thermoplastic or thermoset or similar (smf/ nnex

he enclosure is made of a single layer material or multiple layers without.éjlggap;

side

d:

=)
~

or enclosures with or without natural ventilation, there are no more n five horizdntal

partitions in the assembly or in a section of it;

S

he enclosure is designed with free air inlet and outlet venfﬁe ion openings, withouf
inclusion of any additional filter (see Annex E);

he enclosure is designed without ventilation openings or;

¢ the cross-section of the air outlet openings is at Iea§t\ 0 % bigger than that of the
openings to permit the chimney effect; @)

¢ the minimum cross section of air inlet openi i5 10 cm?;

gum of the air inlet openings less than 10 cm? are coﬁe' ered as assemblies without an air inlet.

¢ if the enclosure has air inlet and ou@@openings with filters for an IP5X rating or hi
then these openings are not con%’&ered for the calculation;

be used for calculation (s ed\nnex E);

he horizontal cross-section of the partition (see Clause B.1);

power losses are iaered as a sum of the followings:

¢ power lossé€s 0T low-voltage switchgear and controlgear (see Clause G.2);

1 power@és of conductors connecting low-voltage switchgear and controlgear
Clau€5 .3);

4 @%r losses of busbars (see Clause G.4);

1 \<¢>ower losses of electronic devices (see Clause G.5);

the

nlet

NOTE 1 Figure 3 and the formula given in Table 7 ar t usable for lower cross sections. Assemblies With a

jher

¢ for IP ratings lower than IP5X’1gé effective free air cross section of the openings ghall

vhere enclosures with natugal-ventilation openings have compartments, the surface of gach
:l\orizontal partition shall-be“provided with free air ventilation openings of at least 50 % of

see

the enclosure is not subject to solar radiation.

Necessary information

The following data-isreeded shall be used to calculate the temperature-rise of the air inside an
enclosure:

dimensions of the enclosure: height/width/depth;

type of installation of the enclosure according to Figure 4;

design of enclosure, i.e. with or without ventilation openings;

number of internal horizontal partitions;

effective power loss of equipment installed in the enclosure, see Annex G;
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— effective power loss (P,) of conductors according to Annex |.

5.3 Calculation procedure

5.3.1 General

For the enclosures specified in columns 4 and 5 of Table 1, the calculation of the temperature-
rise of the air inside the enclosure is carried out using the formulae laid down in columns 1 to
3 of Table 1.

Thel pertinent factors and exponents (characteristics) are obtained from columns 6yto’ 10 of
Table 1.

The[symbols, units and designations are stated in Table 2.

For |enclosures having more than one section with vertical partitions, the temperature-rise of
the fpir inside the enclosure shall be determined separately for each section.

Where enclosures without vertical partitions or individual sections have an effective cogling
surface greater than 11,5 m2 or a width greater than about 4;5°m, they should be divided for
the galculation into fictitious sections, whose dimensions approximate to the foregoing valdes.

NOTE The template (see Figure 9) can be used as a calculatiopaid.

5.3. Determination of the effective cooling:surface 4, of the enclosure

The|calculation is carried out according to Fofmula (1) in column 1 of Table 1.

The| effective cooling surface 4, of ag~énclosure is the sum of the individual surface$ 4,
mulliplied by the surface factor ». This factor takes into account the heat dissipation of| the
indiyidual surfaces according tosthe type of installation of the enclosure (see Annex H for
add(tional explanations).

=

5.3.3  Determination of the internal temperature-rise A¢; 5 of the air at mid-height o
the enclosure

Thelcalculation is carried out according to Formula (2) in column 2 of Table 1.

In Formula (2)‘the enclosure constant k allows for the size of the effective cooling surface for
enclosures-without ventilation openings and, in addition, for the cross-section of the air |nlet
opehings for enclosures with ventilation openings.

The dependence of the temperature-rise occurring in the enclosure on the effective power loss
P is expressed by the exponent x.

The factor d allows for the dependence of the temperature-rise on the number of internal
horizontal partitions.

5.3.4  Determination of the internal temperature-rise Aty o of air at the top of the
enclosure

The calculation is made according to Formula (3) in column 3 of Table 1.
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Factor ¢ allows for the temperature distribution inside an enclosure. Its determination varies
with the design and installation of the assembly as follows:

a) For enclosures without ventilation The factor ¢ from Figure 4, depends on the
openings and with an effective cooling type of installation and the height/base
surface: factor f, where:

hl,35
Ag > 1,25 m2 f=—
Ab
b) |For enclosures with ventilation openings The factor ¢ from Figure 6, depends on_the¢
and with an effective cooling surface: cross-section of air inlet openings and.the
height/base factor f, where:
hl,35
Ag > 1,25 m?2 f=—
Ab

c¢) [For enclosures without ventilation The factor ¢ from Figure)8, depends on the¢
openings and with an effective cooling height/width factor,g, where:
surface:

h
Ag £1,25 m2 g=—
w

where

h | is the enclosure height, in m;

A, | is the surface area of the enclosure basein m2;

w | is the enclosure width, in m.

5.3.p Characteristic curve for temperature-rise of air inside enclosure

5.3.p.1 General

To gvaluate the design according to Clause 7-itis-necessary-to-apply, the calculated resulfs of

5.3.B and 5.3.4 shall belapplied with the proper characteristic curve for temperature-rise gf air

inside the enclosure as)a function of the enclosure height. The air temperatures within horizgntal

levells are practically/constant.

5.3.p.2 Temperature-rise characteristic curve for enclosures with an effective
cooling surface 4, exceeding 1,25 m?2

As a ‘general rule, the characteristic curve of temperature-rise is adequately well defined by a

straight line which runs through the points Az 5 and Az 5 (see Figure 1),

The internal air temperature-rise at the bottom of the enclosure is close to zero, i.e. the
characteristic curve flattens out towards zero. In practice, the dotted part of the characteristic
curve is of secondary importance.
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Al1 0

TOP

Multiple of enclosure height

05 Mid-height

5.3.

Fo
the

=

The

/)
7

-
-

Temperature rise of air inside enclosure, Ar
IEC

Figure 1 — Temperature-rise characteristic curve
for enclosures with A, exceeding 1,25 m?2

5.3 Temperature-rise characteristic curve for enclosures with an effective
cooling surface 4, not exceeding 1,25 m?2
this type of enclosure, the maximum temperature=rise in the upper quarter is constant

values for Aty o and At 75 are identical (see Figure 2).

characteristic curve is obtained by connecting the temperature-rise values at an enclo

level of 0,75 and 0,5 (see Figure 2).

The
cha
cury

internal air temperature-rise atthe bottom of the enclosure is close to zero, i.e.
acteristic curve flattens out towards zero. In practice, the dotted part of the character
e is of secondary importance.

A

Al»] 0

TOP

Arg 75

0,75

Multiple of enclosurésheight

Alo 5
0,5 -

Mid-height

and

bure

the
istic

7

—_—

-

Temperature rise of air inside enclosure, Ar
IEC

Figure 2 — Temperature-rise characteristic curve
for enclosures with 4, not exceeding 1,25 m?2
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5.4 Maximum internal air temperature limits

This document contains a method to calculate the internal air temperature within an enclosure.
The resulting temperature shall not exceed the maximum absolute temperature allowed by
different types of devices and products installed inside.

The user of this document should refer to the manufacturer’s instructions regarding the
maximum operational temperature allowed for the devices used inside the assembly.

NOTE The value of internal air temperature has a direct influence on the ageing and operation of built-in

components.

6 |Further considerations Q_y

(1/
6.1| General Q(l,

The[means of temperature-rise calculation in this document relate to speci%’q{rangemen s of
assg¢mbly in the conditions as defined. These arrangements and conditions do not covef all
designs of assembly or the conditions in which some are installed. Vﬁ@good practises| are
applied the calculation methods in this document can lead to cons<a/~ e results.

Annex B, Annex C, Annex D, Annex E, Annex F, Annex H, r@gx J and Annex K detail dood
pradtice that can lead to an improvement in thermal pe\ mance or some aspects| not
congidered in the calculation method in this document. Hogwever, when using these additipnal
considerations, to ensure a defined performance of aan mbly, further verification, e.g. fest,

shall be performed.
QO

6.2 Guidance on the effects of an uneven@er distribution

The[aim of Annex B is to determine the @erature—rise where there is not an even pqwer
distfibution within an assembly using as\a“starting point the temperature-rise of a refergnce
design or calculation in accordance w.it@ lause 5.

A\
6.3 Guidance on the addition‘&gemperature-rise effect due to solar radiation

.

In case of outdoor assemblic;}gét are subject to direct sunlight, solar irridiance can significgntly
increase internal air temperature-rise and require a derating of the rated currents of|the
ass¢mbly. See Annex @ :

OO

OQ&
Q%
NS
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Table 2 — Symbols, units and designations

Symbol Unit Designation
4, m? Surfaces of external sides of enclosure
Ay m?2 Enclosure base surface
A m?2 Effective cooling surface of enclosure
A m?2 Surface area, which can transport heat (usually excluding the bottom area)
a W/m2K | Heat transfer coefficient (includes conduction and radiation of heat)
b - Surface factor
c - Temperature distribution factor
Cp J/Ikg*K | Heat capacity (of air)
d - Temperature-rise factor for internal horizontal partitions inside enclasSure
f - Height/base factor
g - Height/width factor
h m Enclosure height
k - Enclosure constant
n - Number of internal horizontal partitions (up to-three five partitions)
P w Effective power loss of equipment installed inside enclosure (determined according fo
Annex G)
Psoo W Calculated power dissipation of the enelgsure according to this document, without
considering natural ventilation
Pean W Power losses dissipated by forcedentilation
P, w Effective power losses of copductors
P, W Total dissipated power
p kg/m?3 Mass density (of air)(@t 7,
14 m3/s Volume flow rat€Yof the air flow through the enclosure
Sair cm? Cross-sectiogrof air inlet openings
T, °C Ambielpt temperature
Tint °C Temperature inside the enclosure
Tiﬂt,max °C Maximum temperature allowed inside the enclosure (limited e.g. by devices)
w m Enclosure width
X - Exponent
4, At K Temperature-rise of air inside enclosure in general
Ao K Temperature-rise of air at (internal) mid-height of enclosure
Aty 75 K Temperature-rise of air at (internal) three quarters height of enclosure
K Temperature-rise of air at (internal) top of enclosure

Aty o
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Table 3 — Surface factor b according to the type of installation

Type of installation

Surface factor

b
Exposed top surface 1,4
Covered top surface, e.g. of built-in enclosures 0,7
Exposed side faces, e.g. front, rear and side walls 0,9
Covered side faces, e.g. rear side of wall-mounted enclosures 0,5
Side faces of central enclosures 0,5

Flopr surface

not taken into account

Ficfitious side faces of sections (see 5.3) which have been introduced only for calculation purposes areyiot taken

intg

account

Table 4 — Factor d for enclosures without ventilation openings

and with an effective cooling surface 4, > 1,25 m?

Némber of horizontal 0 1 2 3 4 5
partitions n
Faqgtor d 1,00 1,05 1,15 1,30 1,45 1,55

NOJE Alternative factor d values than those of Table 4 can be used gecording to comparison with test resultp of

simjlar configurations.
Table 5 — Factor d for enclosures with ventilation openings
and an effective cooling surface 4, > 1,25 m?2
Number of horizontal 0 1 2 3 4 5
partitions n
Fadtor d 1,00 1,05 1,10 1,15 1,2 1,25

sim

lar configurations.

NOJE Alternative factor d values than-those of Table 5 can be used according to comparison with test resultp of
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Emncjosure constant k¥ ——

0.6
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03

0,2

03
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Effective cooling surface A, (m2) —_—
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kA
1,2
1
0,8
4.6 o)
4.4 .
4,2 oM
q !
0 1 2 3 4 5 6 7 8 9 10 1 12
Ag (M2)
IEE
Key
4, [effective cooling surface (see 5.3.2)
k lenclosure constant (see 5.3.3)
NO[TE See Table 6 for the algebraic expréssion related to the curve.
Figure 3 — Enclosure constant k for enclosures without ventilation
openings, with an effective cooling surface 4, > 1,25 m?2
Boundary conditions: the factor 4, shall be higher than 1,25 and not exceed 12.

Table 6 — Equation for Figure 3

Variable Algebraic expression

k k= 0,58 x (45)07%

Key
) ) 2
4, effective cooling surface (m<)

k enclosure constant
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c
1,7
Type of installation No.
—
1,6 —}
3
4
— 5
1,5
Symbol Type of installation of enclosure Curve
1 ‘4 l:’ Separate enclosure, detached on all sides 1
D Separate enclosure for wall-mounting 3
1 ,3 I I First or last enclosure, detached type 2
I I First or last enclosure, wall-mounting type 4
1 ,2 I:I Central enclosure, detached type 3
D Central enclosure, wall-mounting type’ 5
1 Central enclosure for wallmounting type
1 , 1 and with covered top surface 4
!
'
\
1 >
2 3 4 5 6 7 8 9 10 11 12AM18 14 15 16 17
/=9
Key

f |height/base factor (see 5.3.4)

¢ [temperature distribution factor (see Figure 6 and Figure 8)

NOJTE See Table 7 for the algebraic expressions related to the curves.

Bolndary conditions: the factor f shallhe higher than 0,3 and not exceed 16.

Figure 4 — Temperature ‘distribution factor ¢ for enclosures without ventilation

openings and with an effective cooling surface 4, > 1,25 m2

Table 7 — Equations for Figure 4

Installation type

Algebraic expressions

5 =-0,0017 x /2 + 0,055 x /+ 1,087
4 =-0,0017 x f2+ 0,055 x f+ 1,125
2 annd 7 2 . A NCE Ly 4 440

\VAvAv S By g ] T U,0JJ J ' I, TO
2 =-0,0017 x 2+ 0,055 x /+ 1,164
1 =-0,0017 x 2+ 0,055 x /+ 1,182

Key

¢ temperature distribution factor

f height / base factor; 0,3 < /<16.

fequal 16.

If fexceeds 16 then ¢ should be calculated with
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Key
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kA
0,4 — 1,25
— 1,5
0,35| 1,25 — 2
15 2,5
’ — 3
0,3 2 —1
2,5 —_— 5
3 —_— 8
0,25 4\ — 7
5\ — 8
6 - 9 |
0|2 573 - 10 A
) ’
)1
0|15 1‘2‘ Q(1/;/
o1 = Q-
— o)
- = = = S vt.
— " — ,; \“‘*—_,
0{05 NG - -
0 "&
0 100 200 300 400 500 600 @e’ 800 900 1000
g\\ Sqir (cm?
Q @) I:
Key \§
Sair cross-section of the corresponding air outle@nings
k enclosure constant (see 5.3.3) $
Bopndary conditions: the factor San$%all be equal or higher than 10 cm?2 and not excg
1400 cm?2. xO
oF

C)\
Figure 5 nclosure constant k for enclosures with ventilation
0&®I gs and an effective cooling surface 4, > 1,25 m?2

Q‘® Table 8 — Equations for Figure 5
Qv\s Variable Algebraic expressions
\Q/ Ak Ak =2,83 x 1072 x In(4,) — 10,39 x 102
Bk Bk = 19,52 x 1072 x In(4,) — 76,56 x 1072
k k=AkxIn(S,)-B#k
Key

) ) 2
4,  effective cooling surface (m<)

S, cross-section of air inlet openings (cm?)

k enclosure constant

Ak and Bk are intermediary variables to calculate the enclosure constant .

ed
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.\ Height/base factor
—10
—9
2,2 —38
e 7
—6
—5
3
2 —2
—15
1,8
/7 3
1,6 / Qy
1,4 Q.(’L
1,2 Q~Q>
0 /'C) >
0 100 200 300 400 500 600 (ts‘&/ 800 900 1000
Q O Sair (cm2) o
N\
Key &\)
S,ir| cross-section of the corresponding air outlet@q‘mgs, cross-section of the corresponding air outlet shquld

NO

NO

Bo
10

be at least 1,1 times that of the air inlet o@ings
temperature distribution factor A\Q

TE 1 See Table 9 for the algebraic,@ressions related to the curves.

E 2 Height/base factor f, sei\ﬂ‘].

Lindary conditions: the g{:tor S,ir shall be equal or higher than 10 cm?2 and not exceed

00 cm?2. o)
Figu@ — Temperature distribution factor ¢ for enclosures with ventilation
openings and an effective cooling surface 4, > 1,25 m2

Ing
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Table 9 — Equations for Figure 6

Variable Algebraic expressions

Ac Ac=7,6 xf+69

Bc Be=51x10%x£2-1,35x 102 x f+ 14,931 x 1072

c c¢=0,01 xAcxS_; A Bc
Key
c temperature distribution factor
7 height 7 base factor

) o ) 2
Sair cross-section of air inlet opening (cm<)
Ac and Be¢ are intermediary variables to calculate the temperature distribution
factor c.
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Key
4,  effective cooling surface (see 5.3.2)
k enclosure constant (see 5.3.3)

NOTE See Table 10 for the algebraic expression related to the curve.

Boundary conditions: the factor 4, shall not exceed 1,25.

Figure 7 — Enclosure constant k for enclosures without ventilation openings
and with an effective cooling surface 4, < 1.25 m?

Table 10 — Equation for Figure 7

Variable Algebraic expression

k k= 4if (4, < 0,08) else 0,626 x (4,)~*7%)

Key

4, effective cooling surface (m?)

k enclosure constant
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c A

1,3

1,25

1,2

1,15 0

1,1 C

1,05 Ao

(
1 -
0 0,5 1 1,5 2 2,5 3
g
IEC
Key
g |height/width factor (see 5.3.4)
¢ [temperature distribution factor
NOJTE See Table 11 for the aldebraic expressions related to the curve.
Bolndary conditions:sthe factor g shall be equal or higher than 0 and not exceed 3.
Eigure 8 — Temperature distribution factor ¢ for enclosures without
ventilation openings and with an effective cooling surface 4, < 1,25 m2
Table 11 — Equation for Figure 8

Variable Algebraic expressions

¢ If g>0,814 7, c = 0,324 055 x (1- e(-1,882 7 x g +0,385 79)) + 0,936 43

Else, ¢ = 0,193 564 x g + |

Key
¢ temperature distribution factor

g height / width factor
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Calculation of temperature rise of air inside enclosures

Customer/plant

Type of enclosure

Relevant height mm Type of installation:

dimensions for

temperature rise width mm Ventilation openings: yes/no
depth mm Number of horizontal partitions:
l—@ Ag x b
Dirnenaian A Surface-factori
Bimenstons o) HHraEe+a6to {cotumm3) x
according to (column j4)
Table 3

3 mxm 2 2
3 m m

a 2 4

g

S Top

o

© Front

(]

2

S Rear

Q2

] Left-hand side

Right-hand side
Ag = Z(4g x b) = Total
With an effective cooling-strface 4o
Exceeding 1,25 m? Not exceeding 1,25 m?
JARS h
¥ (see 5.2.4) g=— (see 5.2.4)
A, w

Airfinlet openings cm?

Englosure constant &

Fagtor for horizontal partitions d

effgctive power loss R w

PY ¥ p--

Atgls = k xdXPY K

Température distribution factor ¢

At1,0 =CTX OG5 R
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Calculation of temperature-rise of air inside enclosure

Customer/plant

Type of enclosure

Relevant height mm Type of installation:
dimensions for . o - -
h width mm Ventilation openings: yes/no
temperature-rise
depth mm Number of horizontal partitions:
A0 x b
1 | ﬁ | Dimensions 4, Surface factor (column 3) x
b according to (column 4)

q Table 3

q m xm m? m2

F 2 3 4 5

oPp

=

E Top

q Front

4 Rear

g

il Left-hand side

Right-hand side
Ay = Z(4, x b) = Total
With an effective cooling surface A,
Exceeding 1,25 m Not exceeding 1,25 m?
1,35 h
f+ (see 5.3.4) g<— (see 5.3.4)
b w

Air jnlet openings cm

Endlosure constant &

Fadtor for horizontal partitions d

Eff¢ctive power loss P w

pX & p---

At =k x d x P* K

Temperature distributionfactor ¢

Aty =cx Aty g K
= |

Characteristic curve: @ 10

s
8 075
o
1]
S 05
=
E
=

Temperature rise of air inside
enclosure Af

Figure 9 — Calculation of temperature-rise of air inside enclosures
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Annex A
(informative)

Examples for the calculation of the temperature-rise
of air inside enclosures

Example 1

Single enclosure with exposed side faces without ventilation openings and without internal

hori

Effelctive power loss of equipment installed in the enclosure: P = 300 W.

Calgulation

(for{entries values see template, Figure A.2 on Example 1):

The effectivercooling surface 4, is determined according to 5.3.2.

yontal partitions (see Figure A.1).

Dimensions in millim

2000

IEC

Figure A.1 — Example 1, calculation for an enclosure with exposed side faces
without ventilation. 6penings and without internal horizontal partitions

etres

The individual surfaces are calculated from the enclosure dimensions, and the surface fdctor
b is taken from Table 3.
The'temperature-rise of air Aty - is determined according to 5.3.3
Formula (2) from column 2 of Table 1:
Atgs=kxdx P* (A.1)

Factor k according to column 7 of Table 1 with 4, > 1,25 m2, as shown in Figure 3:

E'Ze_ ’ 2: =

for 4, = 6,64 m2: k= 0,129

Factor 4 according to column 8 of Table 1 with 4, > 1,25 m2, as specified in Table 4:
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with number of horizontal partitions = 0: d = 1,0
Effective power loss (as specified) P = 300 W.
Exponent x from column 10 of Table 1 with 4, > 1,25 m2: x = 0,804

With these values entered into the Formula (A.1), the following result is obtained:

Aty £ =13 24 K~ 13,2 K

Atgs5=kxdx Pr=0,129 x 1,0 x 3000.804

Atg 5= 12,63 K~ 12,6 K

The temperature-rise of air Az; o is determined according to 5.3.4.

Formula (3) from column 3 of Table 1:

Factor ¢ according to column 9 of Table 1 with 4, > 1,25'm2, as shown in Figure 4:

h1'35 2 21,35
f =4 = Toxos - >80
Curve 1 of Figure 4 follows:
c=1,44

Vith this value entered into Férmula (A.2), the following result is obtained:

Aty g=cx Aty =144 x 12,63 = 18,18 K~ 18,2 K

The temperature-rise characteristic curve is determined for enclosures with 4, > 1,25
in accordance with 5.3.5.2 (see Figure A.2 in the template on Example 1).

The @evaluation of the design is made in accordance with Clause 7.

[t~+54e shall be verified whether the equipment installed in the enclosure is capabl

Af1’0 =cXx Af0’5 (

A.2)

m2,

e of

functioning satisfactorily at the specified currents and calculated temperature-rises,

considering the ambient air temperature (see Note of Clause 1).

If this is not so, the parameters-will-have-te shall be changed and the calculation repeated.
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Calculation of the temperature rise of air inside enclosures ]
Customer/plant Example |
Type of enclosure Sfﬂ5/¢ enclosure
Relevant height 2200 mm Type of installation: be}ﬁdd o R[ h‘A’!S
dimensions for . o . j
temperature-rise width /gaﬂ mm Ventilation openings: _y€$/no
depth §V00 mm Number of horizontal partitions:  {J
- Ay x b
T Dimensions A, Surface factor b | (Column 3) x
o according to Table (Column 4]
6 3
3 I Y mXxm m? m?
& K
5 ” 2 3 4 5
5
'é Top "ﬂ X 0,5- 0, 500 f, 4 0, 700
§ Fromt lox 2,2 2,200 0,9 1,980
E Rear 10x2,2 2,200 0,9 1,980
| Lefi-hand side 05x2,2 1100 0.9 0,990
Right-hand side 05x2,.2 1,100 0,9 0,990
A, = L(A, x b) = Total §,640

With an effective cooling surface’A,

Exceeding 1,25 m? Not exceeding 1,25 m?
35
=B see524) enl (see524)
40X 0,5 !
Airinletopenings cm? 0
Enclosure constant k 0, 138
Factor for horizontal partitions d \ /, 0
Effective power loss P w 300
P = p 0,804 ‘ 98,09
Atgs = kxdx P K 12,24 =~ 13,2 K
Temperature distribution factor ¢ ],44
Aty o= cxAlgs K 19,07 = 19,] K

v 19,1k

Chiracteristic curve:

‘S, 1,0 2
3]
L .
» S o075 /
2 ’ .
3 g /
S § 05— |4 o
3 5 32K
Wy - 5
3 |
2 LA |
10 20 30

Temperature rise of air inside
enclosure At in K

IEC 1438/14
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Calculation of temperature-rise of air inside enclosure

Customer/plant Example 1

Type of enclosure

Single enclosure

Relevant Height 2200 mm Type of installation: Detached on all sides
dimensions for . o : ;
temperature-rise Width 1000 mm Ventilation openings: yes/no
Depth 500 mm Number of horizontal partitions: 0
Di . 4 A4, b
rﬁ' imensions
o Surfgce factor b (column 3) x (column 4)
according to Table 3
q m xm m? m?
g
4 2 3 4 5
l
P
=
E Top 1,0 x 0,5 0,5 1,4 077
] Front 1,0 x 2,2 2,2 0,9 1,98
4 | Rear 1,0 x 2,2 2,2 0,9 1,98
q
E Left-hand side 0,5x 2,2 1,1 0,9 0,99
Right-hand side 0,5x 2,2 1,1 0,9 0,99
A4, = Z(4, * b) = Total 6,64
With an effective cooling surface A,
Exceeding 1,25 m2 N6t exceeding 1,25 m2
JARH A
f+ (see 5.3.4) g=— (see 5.84)
b w
2’21,35
= = 5,8 = =
1x%x0,5
Air fnlet openings cm?.|(®
Endlosure constant k 0,129
Fadtor for horizontal partitions d 1
Eff¢ctive power loss P W | 300
PX L p--- 98,09
A[O,S:/CX(ZXPX K 12,63K%12,6K
Temperature distributionfactor ¢ 1,44
Aty =cx Aty g K| 18,18 K=~ 18,2 K
Characteristic curve: 1.0 /
0,75 i

Mubtiple of entiosure height

0.5

Temperature rise of air inside
enclosure At

Figure A.2 — Example 1, calculation for a single enclosure
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A.2 Example 2

Enclosure for wall-mounting with ventilation openings

cross-section of air inlet openings =1 220 cm?
cross-section of air outlet openings =1 800 cm?
with two horizontal partitions inside the enclosure. Each horizontal partition, for example

perforated plate, has ventilation openings, the cross-sectional areas of which exceed 50 % of
the enclosure cross-section (see Figure A.3 and Figure A.4).

Effelctive power loss of equipment installed in the enclosure P =2 200 W.

Dimensions/in millimetres

‘ 3
*‘?—-,_ I3
A N e - N
P it = A T T
K~ Ye— "_*-’uvv__ s T—

IEC

Key

ir outlet openings

O o >

A
Horizontal partitigns-with ventilation openings, for example perforated plate
A

ir inlet openifigs

Figure A.3 — Example 2, calculation for an enclosure
for wall-mounting with ventilation openings

Calculation
(for-entries values see template Figure A.5 on Example 2):

Given an expected cooling surface of the enclosure is more than 11,5 m2 and has an enclosure
width exceeding 1,5 m, the entire enclosure-is-te shall be divided, for calculation purposes, into
sections (partial enclosures) as indicated in 5.3.1. To simplify the procedure, as no structural
divisions are available, the entire enclosure is, in this example, divided into two equal sections
(enclosure halves). The power losses and ventilation openings are supposed to be evenly
distributed in both parts (enclosure halves) so that for the calculation they are divided by two.

The calculation is carried out for only one enclosure half, the result being applicable to the other
half.


https://iecnorm.com/api/?name=5cbc9466841c09c130203c85601c8ee6

IEC TR 60890:2022 RLV © |IEC 2022 -39 -

— Necessary information according to 5.2 for one half of the enclosure

Dimensions in millimetres  gncjosure for wall-mounting with air inlet
openings

1220
== 610 cm?

With air outlet openings
1800
—_ 2

=900 cm?

With two horizontal partitions, for
example perforated plate

.ﬁ

N

l
2200

Effective power loss

- — >~
KL e T e L T -
N L T L T L T T 7 2200
| —~ (a2 Rot TN et
| e e & =22 = Ylzoow
\_\__ ‘-.t\_;"“»‘—_/
T+ — 2
| ——
~~~~~~~~~~~~~~ !
————
] — 7 -~ | t
it

Enclosure half

IEC

Figure A.4 — Example 2, calculation for one enclosure half

— The effective cooling surface of each enclosure half is determined according to 5.3.2.

The individual surfaces are calculated from the enclosure dimensions, and the surface fgctor
b is taken from Table 3.

The dividing surface between thetwo enclosure halves which has been obtained as a result
pf the fictitious division, is not*taken into account in accordance with Table 3.

— The temperature-rise of air{Az, 5 is determined according to 5.3.3.

Formula (2) from column-2 of Table 1
Atgs =k xdx P~ (A.3)

Factor k ageording to column 7 of Table 1 and 4, > 1,25 m2, as shown in Figure 5.

For 610:¢m? air inlet openings and 4, = 7,674 m2: k = 0,071 3

-actor d according to column 8 of Table 1 and 4, > 1,25 m2 as specified in Table 5 with|two
frorizomtatpartitronrs—a =110

Effective power loss (as specified) P =1 100 W

Exponent x from column 10 of Table 1 with 4, > 1,25 m2: x = 0,715

With these values entered into the above Formula (A.3), the following result is obtained:

Atg g =hexd=xP*=0;071x40 14009715

Atg g = H67K~H7K

Aty =kxdx P*=0,071x 1,10 x 1 1000.715
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Atgs=11,72 K~ 11,7K

The temperature-rise of air Ay ( is determined according to 5.3.4.

Formula (3) from column 3 of Table 1

Af10:CxAt05

Factor ¢ according to column 9 of Table 1 and 4, > 1,25 m2, as shown in Figure 6.

1,135 n 01,35
It

= == =250
f =4 = Tasxo0s

Figure 6 shows that, for 610 cm? air inlet openings:

c=1,88

Vith these values entered into Formula (A.4), the following result is obtained:

A—E%Q*&)%A-lt% y y 3 0

Aty o =c % Aty 5= 1,87 x 11,67 522,03 K~ 22 K

The temperature-rise characteristic curve is.determined for enclosures with 4, > 1,25
in accordance with 5.3.5.2 (see Figure A.5jin the template on Example 2).

The evaluation of the design is made in“accordance with Clause 7.

11t—Ls—te shall be verified whether:the equipment installed in the enclosure is capabl
unctioning satisfactorily at the“specified currents and calculated temperature-ri
considering the ambient air temperature (see Note of Clause 1).

If this is not so, the paraméters-will-have-te shall be changed and the calculation repea

(A.4)

m2,

e of
ses,

fted.
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I Calculation of temperature rise of air inside enclosures

Customer/plant Example 2
Typeofenclosure 2200 high, 2900 wide, 800 deep ; divided in 2 endosure halves
Relevant dimensions height 2200 mm Type of installation:  Wal/(- mo unh.u’
for temperature rise i
width | 450 mm Ventilation openings:  yes/pd”
enclosure. /\Aff depth $00 mm Number of horizontal partitions: 2
. Ay % b
- ! I ]i Dimensions A, Surface factor b (Co!uumn 3)x
d‘- . according to Table (Lolumn 4)
- ! ® mXxm m? 3 m?
8 L4s 1 || O
8 e
5 / 2 3 4 5
£ [7op 145X 0,8 1,160 1,4 J),624
g Front 1,48 x 2,2 3,190 0,9 2,871
;:; Rear 1,45%X2,2 3,190 0,5.QV 1,595
w Left-hand side 0,8 Xx2,2 ' 760 @)Q T
Right-hand side 0.8x2,2 1,760 v %3 1,58%
Ae =L (A, % b) = Total ‘ %\%, 7,674
X
-With an effective cooling sul;ﬁac():
Exceeding | 25 m? =4 Not exceeding .25 m?
N D :
I= "_’;5 (see 5.2.4) _ g‘@w:"—, (see 5.2.4)
I35 N
2,2 " = 2,50 O = -
1,45 X 0,8 A
LAY
Air inlet openings k{}f}"” em? | 1220/2 =610
Fnclosure constant k W;'«}z‘ 0,07l
Factor for horizontal partitions d N~ 1,10
Effective power loss P %f::‘; W | 2200/2 = 1100
= pO.7IS (@) 149,48
A los = kxdxP* N K 1,67= (1.7 K
Temperature dislribu}j@)\i{‘tor c 1,87
hiyo=cxBlys o \J K| 21,82= 2/,8 K
(‘hng’%{'e;‘stic curve: - | 21,8 K
() ,E) 1,0 7 :
: /]
@
5075
¥ 2 S
— ; 7
s 2w 7
- o LT K
i 2
2
o 8 30

Temperature rise of air inside
enclosure At in K

IEC 1441/14
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Calculation of temperature-rise of air inside enclosure

Customer/plant

Example 2

Type of enclosure

2 200 high, 2 900 wide, 800 deep; divided in 2 enclosure halves

Relevant Height 2200 mm Type of installation: Wall-mounting
?lmensmns fo_r Width 1450 mm Ventilation openings: yes/no
emperature-rise
Depth 800 mm Number of horizontal partitions: 0
§ A_xb
i ﬁ‘ ; ; 4 o X 1
~ Dimensions o Surface factor » (column 3) x (column 4)
a b according to Table 3
d 1 \b m X m m2 m2
g /,45t:}°
A 2 3 4 5
g | Top 1,45 % 0,8 1,16 1,4 1,624
qd
4 Front 1,45 x 2,2 3,19 0,9 2)871
_CEL Rear 1,45 x 2,2 3,19 0,5 1,595
:@ Left-hand side 0,8 x 2,2 1,76 0,0 -
“ | Right-hand side 0,8 x 2,2 1,76 0,9 1,584
A4, = Z(4, * b) = Total 7,674
With an effective cooling surface 4
Exceeding 1,25 m? Net éxceeding 1,25 m?
h1,35 h
/¥ (see 5.3.4) g=— (see 5.3.4)
A, w
2,21,35
= = 2,5 = =
1,45 x 0,8
Air fnlet openings cm? | 610
Endlosure constant & 0,071 3
Fadtor for horizontal partitions d 1,1
Effgctive power loss P W | 2200/2=1100
PX L p--- 149,48
Atgl =k x d x P¥ K| 1,72K=11,7K
Temperature distributionfactor ¢ 1,88
Aty =cx Aty g K| 22,03K=22K
Characteristic curve: E" 10
: /
§ 0,75
! /
g >
=

Temperature rise of air inside
enclosure Ar

Figure A.5 — Example 2, calculation for an enclosure
for wall-mounting with ventilation openings
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Annex B
(informative)

Guidance on the effects of an uneven power distribution

B.1 Horizontal partition

For typical assemblies used in the distribution of electrical energy, functional units are installed
one above another with horizontal partitions in between each of the functional units. Typical

arrangements are shown In the examples ot Figure B.1

S

. . \<,</C) - é

IEC
)

o

elss than 50 % perforation in horizontal partition Q

Key S\\)\'\

1td 5 horizontal separation @
\g@

Figure B.1 - Examplea\g assemblies with horizontal partitions

xO
Thelcalculation method in Clalgg.5 assumes:

1) there is an approxmate@even power distribution within the assembly; and,

2) yith a ventilated
Ionzontal partiti
nsure a sufﬂc@t air flow through the compartment.

In qome ass

Assembly without ventilation openings, and b)ésembly with ventilation openings, and gt
t 50 % perforation in horizontal partition

embly, the area of the ventilation openings (perforation) in gach
at least 50 % of the horizontal cross-section of the compartment to

ies, for example certain designs of motor control centre (MCC), these
condglitions not fulfilled; uneven power distribution can result from one circuit having a much
higher p dissipation per unit volume (circuit with highest power dissipation) than the others
andfo perforation in horizontal partitions can be much less than 50 % of the horizqntal

crods séction of the compartment

B.2 Calculation of internal air temperature-rise for assemblies with ventilation
openings with even power distribution and less than 50 % perforation in

horizontal partitions

Assuming the power dissipation is approximately even within the section being considered,
calculate the temperature-rise assuming there is no ventilation. The air temperature at any
position within the section shall not exceed the maximum operating temperature allowed for the

components at their respective positions within the section. See 5.4.
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B.3 Calculation of internal air temperature-rise with an uneven power
distribution

This is a two or three step process.

— First step: determine the air temperature-rise at the point in the section where the higher-
power dissipation circuit shall be located. This can be by measurement of the temperature
in a reference design temperature-rise test. Alternatively, using this document calculate the
air temperature-rise at the point in the section where the higher-power circuit shall be
located considering the total power loss of the section, excluding the power loss of the

higher-power circuit. For example, T° D3 in Figure B.2

vithin the assembly by using factors for covered surfaces in Table 3, and calcu
emperature within PW D3 in accordance with 5.3, using the dimensions of
ssuming an ambient temperature T° D3. The calculated air temperature wit

PW D3. See 5.4. Q-

— $econd step: assume the higher-power circuit (PW D3 in Figure B.2) is enclose?‘ﬂ it is
D

he¢ air
3 |and
D3 ghall

ot exceed the maximum operating temperature allowed for the componen stalled wijthin

— Third step: if the higher-power circuit is located at the top position, tep is not required.

Jf the higher-power circuit is not located at the top of its section qu 5.3, calcu

late the air

emperature within the section considering the total power within the section. [The
alculated air temperature at any position within the section_shall not exceed the maximum
bperating temperature allowed for the components at theQ/@}pectlve positions. See 5.4.

PW D4 \§\Q PW D4
%
)
‘ T° D3 N\ PW D3
—
\Q PW D3
PW D2 N PW D2
O
HS
\y
PW D1 @ PW D1
Q’V
cs
\@') IEC IEC IEC
Step 1: calculate the air Step 2: calculate the air Step 3: calculate the air
temperature within the temperature within the temperature within the
section without the higher-power circuit section including the
higher-power circuit assuming an air higher-power circuit

temperature of T° D3

Figure B.2 — Temperature-rise verification of a higher-power circuit
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CA

Annex C
(informative)

Guidance on the additional temperature-rise effect
due to solar radiation

General

In case of outdoor installation of the enclosure, and unless installed in the shade or covered

e.g.

the pnclosure. This Annex C proposes an explanation of thermal effects due to solar

and

Cc.2

Key
T1
T2

Rad
Figy
ene
abs

Whe
typ¢g
colg
hea

by a canopy or roof, the solar radiation will create an additional increase of tempera§

their consequences for the calculation of the internal air temperature. (1/

Solar radiation phenomena Q(LQ

temperature of solid emission (sun)
temperature of solid receptor (enclosure) &

energy transferred from highest to lowest tempe@ture surfaces
O

Figure C.Q%olar radiation phenomena

re C.1). The materials the capability of absorbing or emitting photons (quantit
gy). This transfer is almést instantaneous and does not need a material support. On
brbing side, a part@h'e radiated energy is usually converted into heat.

jation is an energy trg&:%etween two entities separated by the atmosphere

n an assembl;(i} installed outdoor the enclosure surface can absorb solar radiation.
of materla the enclosure surfaces, and more precisely the surface roughness an
ur, can i nce the ratio of absorption of the radiated energy and thus the total amou
W|th|§ enclosure.

The

r|or colour and flnlshlng can have a huge |mpact on the absorpt|on of solar radia

ein

dtion

see
y of
the

The
H its
ht of

ion,

deSbliUGU vy I.IIU dUDUIPLIUII bUUIIIbIUIIL I_Ul UIIL;IUDUIUD III d Uldbl\ Ul Udll’\ bUIUuI, LIIU auauwtlon
coefficient can be close to 1 and results in the maximum additional temperature-rise, compared
to the same enclosure in a white colour, having a coefficient close to 0,1. Table C.1 below
specifies different values of absorption coefficient, valid for solar radiation, but not for infrared,
relating to the colour.
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Table C.1 — Approximate solar absorption radiation coefficients
(according to colour)

2022

Ap
diffd

NOTE

C3

Colour Approximate solar absorption Additional increase internal air
radiation coefficients calculation
K
White 0,14 10
Cream 0,25 12
Yellow 0,3 12,9
Lightgrey—btae—green 65 1655 N
Medlium grey, blue, green 0,75 21 A\$
\V
Dark grey, blue, green 0,95 24,4 A
Blapk 0,97 250
Thi$ table is from IEEE STD C37.24-2017. QQ/V
Adgpted and reprinted with permission from IEEE. Copyright IEEE 2017. All rights res(_e\%%.
('O\)

actical and linear approach can be used to convert and 'C:ujé'polate the influence of| the

rence between light and dark colours (see Figure C.2). <</
g\\
O
N
30 Q
25 s\\\}\\
®®

20

15

10 OA\
5 \{:\'
*\\0
0 S >

.

0 . 02 0,4 0,6 0,8 1
O® Absorption radiation coefficients
O IEC

@0 Figure C.2 — Interpolation curve

Internal temperature effect (K)

Mal%cturers take into account aging of surfaces due to UV radiation when determining the absorption

\Solar radiation — consequences for thermal calculation

rate.

Due to the energy absorbed by the enclosure, the internal air temperature-rise increases in
addition to the temperature-rise caused by internal power losses. Based on a ventilated metal
enclosure test comparison and the technical approach documented in IEEE C37.24, an
additional increase of 10 K shall be considered if the colour of the enclosure is a light colour or
white. In case of grey or dark colours, the increase is higher and can reach 25 K.

To reduce or eliminate the effect of solar radiation on the temperature-rise inside an enclosure,
manufacturers usually propose dedicated solutions and particular design by adding a special
roof or a canopy. A canopy or roof should be sufficiently large to prevent direct sunlight shining

on th

NOTE

e assembly from mid-morning to mid- afternoon.

1 Recommendations and explanations are mainly based on IEEE C37.24.
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NOTE 2 For special installation conditions, e.g. for an indoor assembly installed at places exposed to skylight or to
sources of heat radiation, a special agreement between user and manufacturer is defined. This can be taken into
account e.g. by a special derating factor, derived from on-site test measurements.

C.4 Solar radiation of enclosures with air ventilation openings

The effect of solar radiation on the temperature-rise within an enclosure with air ventilation
openings can be lower than within an enclosure without openings. If the increases on internal
air temperature as defined in Table C.1 are not applied to an enclosure with air ventilation
openings, it is the responsibility of the manufacturer of the assembly to provide relevant data.
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Annex D
(informative)

Guidance on the effect of different enclosure materials,
construction and finishes

General

The influence of the wall materials and thicknesses used for enclosures can have some effect

on
infly
ther

D.2

The
of m
mat
resy

For
redy
use

NOT
anod

On
the

cas¢, this document’s method is not\@»pplicable without additional verification by test.

add
effe

D.3

A th
coaf

All t
pow|
app

fhe internal steady state temperatures. For example, the thermal radiation emé
enced by the type of coating whereas the thickness and material of the wall infl engc
mal conduction and also the convection effect on the external surfaces. (l/

Qv

Validity criteria )

Q

generalised approach used in this method of calculation is applic to enclosures n

etal (steel, aluminium, stainless steel) coated (both sides, insidécand outside), insulg

brial like thermoplastic or thermoset or similar. Some explanati are given based on
Its to ensure the validity of this assumption (see Clause D&.

bare steel, aluminium, or stainless steel enclosures SQ\G without a coating), due to
ction of radiated thermal exchange, the calculation @eéthod of this document canno
. See Clause D.3 for an indication of the impact@sing bare metal.

sed treatment of aluminium enclosures is also cons d as a coated surface.

special enclosures, like fire-resistant osures, the walls can include air gaps betw
inner and outer surface (double wal\enclosure) or a thermal insulating material. In

tional verification can be a co ‘éarison to provide a derating factor or an impact of
Ctive cooling surface of this special enclosure type.

o5
\\0
Material of enclq&r’re

Q

ed and pair& eel (RAL 7032, same colour as the thermoset enclosure).

er lo almost evenly distributed within the enclosure, to maintain a temperature-rig

hesesteg%ve been conducted with heating resistors inside, supplying 90 W of simul
r@ ly 20 K on top (474 ) of the enclosure. To eliminate natural ventilation effects

All types of paint as liquid, varnish, epoxy, and ;WQ colour can be considered as a coated surfacg.

ermoset enclczsR@, made of glass-fiber reinforced polyester, is compared with plastic

t is
the

ade
ting
test

the
t be

een
that
The

the

hted
e of
the

encl

o
osbires have been selected or modified to fulfill IP6X.

Coated or painted metal enclosures show a similar thermal behavior to the plastic enclosure,
slightly better though, by just of 2 K to 3 K, which is not deemed significant, since the measured
values are less than the calculated values. The results obtain using bare enclosures are
significantly different and it explains the scope of this document considering enclosures made
of metal (steel, aluminum, stainless steel) coated (both sides, inside and outside), insulating
materials like thermoplastic or thermoset or similar. The results are shown in Figure D.1.

D.4

Res

Results

ults are stated in Figure D.1 below.
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NO

100

90

Enclosure height

80

70

60 g

—8— Plastic (GRP) Painted steel —&— Coated steel

—e— Calculation o— Bare steel Bare aluminium

o0

40

30 o

20
[

TE Curves in different colours are referring to different enclosure-materials.

Figure D.1 — Results of\comparison tests

25 30
Temperature rise (K)
IEC
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Annex E
(informative)

Guidance on the effects of different
natural ventilation arrangements

For natural convection to be effective in an enclosure the cross-section of the open area of the
air outlets shall be at least 10 % bigger than the associated air inlets. This relationship is
deemed necessary to permit a chimney effect to establish.

If th
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valu
equ

NOT
inletg

Furf
solu
met
ope
resy

Whe
naty
(ses

is relationship is not fulfilled, e.g. when the inlet and the outlet openings have the&

s-section, the effect of the natural ventilation can be taken into account using rg
e in the calculation but not using the real inlet openings cross-section but a refefehce v
bl to 90 % of the outlet openings. Q(l,

E In practice, the rule of 10 % bigger outlet openings can be obtained by design V\@’different numb
and outlets which can also be obtained with a different number of pitch holes. Cb

hermore, the design of ventilation openings can have an influe c&bn the efficiency of
tion. The size of the holes within the grills has an influence on}@air speed. This calculg
nod given in this document considers an average thermal-behaviour and if the effed
N area is the same between IP2X (see Figure E.1 a)) Q/ IP4X (see Figure E.1 b))
Its can be considered as equal. g\\
& ®)
] IP2X QQ ] IP4X
N\
N
%
\g@
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IP2X [ \O IP4X [
* \& IEC IEC
o
a) 1P2X b) 1P4X

O

§ ure E.1 — Examples of crossing diagonal installation

re ad i&l filters are added to inlets and outlets (e.g. IP5X or higher IP ratings)
ral lation air speed is greatly reduced and, in some instances can be close to Z
e E.2 a)). Therefore, the calculation shall be performed assuming there are

hme
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er of
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tion
tive
the
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ero.
no

vent

ilation openings (see Figure E.2 b)).
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] IP2X + filter (IP5X) No gril
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| close to zero
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a) IP20 + filter b) Thermally-equivalent

Figure E.2 - Effect of additional filters
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Annex F
(informative)

Guidance on forced ventilation management

General

This type of thermal management generates a higher performance of air exchange compared
to natural convection. Use of forced ventilation requires maintenance to ensure consistent

per
be i

F.2

The

how
or t¢chnical guides, fans are usually described by two different prop s. The first-one i

perf

load
be

Due]

diffd

A ny

to pi

because of a lack of maintenance of the fil\e{®
B\

Thig

ass¢mbly. Annex K provides some g&heral guidance on determining the minimum airflow

as
equ

F.3

Des
the
tem

The

prmance during the whole life of the assembly. Details of the necessary malntenantﬁs
ncluded in the documentation provided by the manufacturer of the assembly. W

Forced ventilation installation system Q(ﬁ/

most common method of thermal management is using a fan. It is e@—hial to take
to select the correct fan. In most catalogues of thermal manageme % tem manufactu

prmance in case of free air flow, and the second-one is given EQ]case of working agair

, for example, a grille or an additional filter. This second valué,(w ich is the lower one, {

sed to select the correct fan. C)
\Z

rent voltages and frequencies i.e. 50 Hz or 60 Hz air flow rate of the same fan can

mber of systems already exist, and some of ?ﬂ propose an additional monitoring sys
revent any risk of overheating due to thexpossible failure of the forced ventilation,

document does not provide spegific rules for incorporating forced ventilation intd

hn alternative, the manufactq{‘@r of the assembly can use guidance from the cod
pment manufacturer. N~

O
Installation c&Siderations

gners of asse s using forced ventilation shall recognise there can be ‘grey areas’ w
hssembly where the airflow is adversely affected by the forced cooling. The installatig
pberature- al devices within these spaces shall be avoided (see Figure F.1 a)).

pla %installation and the direction of the air flow, e.g. pushing air into or sucking ai

of tirg/ losure, can lead to different results. In case of installing the fan at the top of
losiire

hall

care
rers
5 its
st a
hall

consideration should be given to the fan supply charqséteristics, given for example thaft for

ary.

tem
e.g.

an
but
ling

thin
n of

out
the

enc

—to blow air out (cpp FigllrnF’I h))y hecause the enclosures are ||Q||nlly

not

completely air-tight gaps or some small holes can modify the air-forced circulation. This effect

can

reduce the cooling in some areas of the enclosure (see Figure F.1 b)).

Another known consequence is that some polluted (unfiltered) air is drawn into the enclosure
through these gaps. Based on those facts, the pushed-in air flow design with the fan placed at
the bottom of the enclosure is the preferable solution in many cases (See Figure F.1 c)).


https://iecnorm.com/api/?name=5cbc9466841c09c130203c85601c8ee6

IEC TR 60890:2022 RLV © |IEC 2022

N2 >74

— 53 —

Wl

IEC

a) Top-fitted fan (1)
Key

Red-filled zone “grey” area
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b) Top-fitted fan (2)
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Annex G
(informative)

Power loss values calculation

General

The reliability of the thermal calculation is directly influenced by the accuracy of the power loss
values used. It is important to take into account the most onerous configuration in operation

mo
cab

G.2| Power losses of low-voltage switchgear and controlgear Q

Ing
spe

e Including the power losses of the switching and isolating devices, electronic deyi
les, busbar(s), auxiliary power supply, etc. Q}/

o

bneral, the device manufacturer is able to provide power loss values f Sir devices u

ces,

nder

Lific conditions. Care should be taken to ensure the power loss v given apply tg the

arrahgement being considered, for example power losses can be s ied per pole whe¢n a

thre

they| shall be adjusted to determine the power losses under the n al operating condition

the

thar] in practice and lead to oversizing the enclosure.

Exa

confactors, thermal relays and disconnectors. Som

to
IEC

If tHe assembly incorporates devices wher

pssembly. If this is not done, the total losses determine&}(o} the assembly can be hi
N\

N

Mmples of low-voltage switchgear and controlgear in¢lude switches, circuit-breakers, fu
duct standards for devices indicate

60947-2:2016). In that case, power Iosses? usually given in the datasheet or catalo
e power losses are not given, it is stro

recmmended to ask the device manufa@rer which value to use and if the losses
progortional to /2 or otherwise dependin@n the actual load.

2

Power losses that are representat@*or the actual conditions in operation shall be taken

account. The following conditi n&shall be considered. Unless otherwise stated or ag

con

G.3

between the manufacturer c\\b e assembly and device manufacturer, power losses

bidered to be measure@

inder full load con@vﬁs (e.g. at its rated current, I, or 1,);

vith the device@Qteady-state temperature;
vith single ree phase supply used based on type of device;

vith trgaquency representative of the end use condition.

E-pole device is being used. In addition, as the power losses ften current dependent,

5 for
pher

ses,
how

letermine the power losses giving a te% ethod (see for example Annex § of

hue.

ngly
are

into
eed
are

\<@ower losses of conductors connecting low-voltage switchgear and

—controtgear

The power losses of conductors (wires, cables, bars and similar) connecting switching devices
inside the enclosure is a non-negligible part of the total power loss. Power loss calculation
method for cables and wires is stated in Annex | and guidance to minimize additional power-loss
is stated in Annex J. The power losses are proportional to the length of the cable/wire and the
square of the actual current flowing through it.

In case of software usage, a detailed calculation can be easier and should use the lengths of
the real configuration. All cables and wires shall be adjusted to the assigned current (rated

curr

ent of the circuit) in any case.
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Power losses of busbars

The power loss of connecting conductors of switching devices and the power loss of busbars
(distribution and main busbar), if any, are part of the total power losses within an enclosure.
Power losses are proportional to the length and the square of the actual current flowing through
the busbar. The length of a multiphase busbar system can be considered for each configuration
by taking into account the average length of the phases. The power losses shall be adjusted to
the assigned current (rated current of the circuit).

Technical data to calculate the p
7

0o
Al fal
\YJ

alu
curr]

NOT
acco

G.5
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curr,
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add

In re

dlevice manufacturer informations
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\

H 1o 1o I =V | V HaVal a4
nmrrurtr vusuodrl ariu UiiN 00 =41

ent rating of Table 1.3.

R - I P 1o H 4 bl 4
Ul Ty oTid ousual aCLLUTUINTy U UiT sdllic dlldllyClllK

N

E  Manufacturers can provide specific values of power losses for their product range of busbq?, taking
Lint the architecture, the material, and dynamic effects of the magnetic field in detail (e.g. by uremen

v

Power losses of electronic devices Q)Q

e devices have independent power loss (i.e. which are not propor(@al to the square o

ent), e.g. the coil of a contactor, or electronic devices as PL Qedems, power supplie
tronic components. For all those components, the poweré)o es shall be identified
bd to the total losses for thermal calculation.

\%

lationship with the power losses, two types of elec&oﬂc functions can be considered:

hon current-dependent, e.g. modems, commun@ans devices, control units. In that c
bnly the power loss of the device shall be ta@ into account in the calculation. The pq
oss of cable and wire connections can be i ed;

Current-dependent, e.g. variable spee%@ves motor-starters, dimmers according to
ariable speed drives, see also power

talculation in IEC 61800-9-2. In th se of current dependant devices, cables and W

tonnections shall be taken mtoQ ount in the total power losses associated with th

o
O\\O

O

wer losses of a busbar system can be found in DIN 43670 for

and
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—
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Annex H
(informative)

Guidance on the impact of an adjacent wall
on the assembly cooling surfaces

Wall-mounted and floor-standing installation of an enclosure on or near a wall reduces the
active surface area of heat exchange between the enclosure and the ambient air. In case of
wall-installation, an air gap of at least 50 mm between the wall and the enclosure is considered
to allow a sufficient air convection (see Figure H 1) In this case the thermal behaviour can be

congidered as in free air. See 5.3.2 for the effects of this installation factor. A

NOTE 1 Assembly or enclosure manufacturers can provide different values of a minimum gap si igrespe ct of
tests| carried out to verify the effects. (1/[/

NOTE 2 Manufacturer in its documentation define any limitations in respect of clearance bef\)(;een the top df the
assembly and the room ceiling and/or air clearances at the sides of the assembly.

Wall
Minimum air gap
50 m@s\nimum
N
Wall-mounted \(\Q Qall-mounted
ASSEMBLY > ASSEMBLY
. ®$ IEC
A\
a) Case 1: no air gap\o b) Case 2: minimum ta_ir gap for free air
convection
<

o

@’ -Figure H.1 — Wall-mounted assembly

In chse of roor-stﬁgi?wg assemblies of a width of up to 2 m, an air gap of > 50 mm between
wallland enclo shall be observed (see Figure H.2). In this case, the thermal behaviour|can
be donsidere in free air. See 5.3.2 for the effects of this installation factor.

For ass(r'p%ﬂies of a width greater than 2 m, the assembly shall be considered as having:

- ite\ba"k againetthe wall or

— a distance that is sufficient for the assembly to be considered as being in free air e.g.
minimum 200 mm; or,

— adistance between the assembly and the wall, sufficient for the assembly to be considered
as being in free air, based on tests.

This information shall be provided in the assembly manufacturer’s documentation.
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a) Case 1: no air gap

Figure H.2 — Floor-standi

b) Case 2: rg@um air gap for free air
C) nvection
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n<g assembly
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Annex |
(informative)

Operating current and power losses of copper conductors

maximum permissible operating current of a conductor is influenced by many factors:

mutual influence of components connected to the conductor;

material, type of insulation and arrangement of the conductors belonging to the same circuit;

utual miluence of neighbouring components and conductors belonging to other circul
ir temperature inside the enclosure around the conductor;

emperature and thermal conductivity of constructional parts touching or in closg vicini
he conductor.

The[power loss of conductors depends on:

The
loss|
encl
tob

The
for 4

The
tabl

whe|

he operating current and its frequency;

he material and the temperature of the conductor;

he shape of the conductor (skin effect);

he magnetic influence of neighbouring conductors and,magnetic constructional g
proximity effect).

following Table I.1 and Table 1.3 provide guidance.Yalues for operating currents and pd
es of single-core copper cables and bare copp€r bars under idealized conditions withi
osure. The calculation methods used to establish these values are given to enable va
b calculated for other conditions.

maximum operating currents given in,the following tables do not apply to conductors (
ssemblies verified by test accordingto IEC 61439-1.

power losses are valid for the’ corresponding operational current given in the folloy
bs. For a different loading the-power losses can be calculated using the following form

Y ER
_V(Imax

is theower loss in watts per metre (W/m);

re

is-the conductor current (loading);

S,

y of

arts

wer
nan
ues

sed

ving
a:

<

iS the maximum operating current;

is the power loss at /.
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Table 1.1 — Operating current and power loss of single-core copper cables
with a permissible conductor temperature of 70 °C (ambient temperature inside
the enclosure: 55 °C)

 r— Spacing at least one
cable diameter
0.0/0.0
00,000 o \ o ' ®
a?rg::d:(r:r:::;t Single-core cables in a Single-core cables, Single-core cables,
9 cable trunking on a wall, | touching free in air or on spaced horizontally
run harizontally-ar and a perforated tray in free air
vertically. 6 cables®
6 of the cables (2 three-phase circuits)
(2 three-phase circuits) continuously loaded
continuously loaded
Qross- Resistance Max. Power Max. Power Max. Power
selctional of conduc- operating losses per operating losses per operating losses per
aEea of tor at 20 °C, current conductor current conductor current condudtor
conhductor Ry ? Imaxb P, ) A P, Imaxd P,
mm?2 mQ/m A W/m A W/im A Wim
0,50 36,0 37 3,5 0,6 - 5 - -
0,75 24,5 4;85,0 0,7 - - - -
1,0 18,1 5;86,0 0,7 - - - -
1,5 12,1 67,5 0,8 96 9 1,3 15 3,2
2,5 7,41 10 0,9 3 146 1,5 21 3,7
4 4,61 14 1,0 18 81,7 28 4,2
6 3,08 18 1,1 24 23 2420 36 4,7
10 1,83 24 1,3 33 32 2523 50 5,4
16 1,15 33 145 45 44 2927 67 6,2
25 0,727 43 1,6 64 59 3;:3 3,0 89 6,9
35 0,524 54 1,8 76 74 3;6 3,4 110 7,7
50 0,387 65 2,0 93 90 4,0 3,7 134 8,3
70 0,268 83 2,2 120 116 4,643 171 9,4
95 0,193 101 2,4 147 142 50 4,7 208 10,0
120 0,153 117 2,5 471 165 54 5,0 242 10,7
150 0,124 - - 198 191 5854 278 11,5
185 05099 1 - - 227 220 6:4+5,7 318 12,0
240 0,075 4 - - 269 260 6,6 6,1 375 12,7
300 0,060 1 - - 344 301 70 6,6 432 13,5
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Values from |IEC 60228:2004, Table 2 (stranded, plain copper conductors).

Current carrying capacity I, for one three-phase circuit from IEC 60364-5-52:2009, Table B.52.4, col. 4
(Reference method of installation: item B1 in Table B.52.1).-\Values for cross-sections—less—than—1.5-mm?

k, = 0,8 (item 1 in Table B.52.17 of IEC 60364-5-52:2009, two circuits).

Current carrying capacity 7, for one three-phase circuit from IEC 60364-5-52:2009, Table B.52.10, col. 5

(Reference—Method of installation: Item F in Table B.52.1). Values for cross-sections less than 25 mm?
calculated following Annex D of IEC 60364-5-52:2009.—%, =094 (Table—B-5221 of IEC60364-5-52:2009;

k, = 0,88 (based on experience item 4 in Table B.52.21, two circuits, is used in preference to Table B:62,21).

Current carrying capacity I, for one three-phase circuit from IEC 60364-5-52:2009, Table B.52{10, c9l. 7

Reference—Method of installation: item G in column 1 of Table B.52.1-ef1EC-60364-5-52:2809). Valueg for
ross-sections less than 25 mm? calculated following Annex D of IEC 60364-5-52:20009. (k= )

The coefficients are based on horizontally run cables as it has negligible impact on vertically run cables wjthin
n assembly.

Imax=130><k1><k2 Pv=]iaXXR20><[1+0(X(TC—ZOOC)]

whefre

I39 | is the maximum operating current of a single conductor for air temperature around| the
conductor of 30 °C;

kq | is the reduction factor for air temperature_.inside the enclosure around the condudtors
(IEC 60364-5-52:2009, Table B.52.14);%ky = 0,61 for conductor temperature 7( °C,
ambient temperature 55 °C; k, for otherair temperatures: See Table 1.2;

ko is the reduction factor for groups ofimore than one circuit
(IEC-60364-5-52:2009,Table B:&217 see further explanation in footnotes b, c, and|(d of
Table 1.1);

o is the temperature coefficiént of resistance of copper, o = 0,004 K-1;

T. | is the conductor temperature.

Table 1.2 — Reduction factor &, for cables with a permissible conductor
temperature’/of 70 °C (extract from IEC 60364-5-52:2009, Table B.52.14)

Airtemperature inside the enclosure Reduction factor
around the conductors k,

°C

20 1,12
pae) 00
30 1,00
35 0,94
40 0,87
45 0,79
50 0,71
55 0,61
60 0,50

If the operating current in Table I.1 is converted for other air temperatures using the reduction
factor k4, then the corresponding power losses shall be calculated also using the formula given

above.
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P xky

Kx A

P, x[1+ ax (7T, =20 °C)]

where
P, is the power loss per metre in W,

1 is the operating current in A;

ks is the current displacement factor for 50 Hz/60 Hz (k3 = 1 for direct current and
AC 16 2/3 Hz),

K is the conductivity of copper, x = 56 Lz;
Qxmm
A is the cross-sectional area of bar in mm?;
o is the temperature coefficient of resistance of copper, o = 0,004 K-1;

T, | is the conductor temperature in °C.

Thel|operating currents—-may can be converted for other ambient air(temperatures inside| the
enclosure and/or for a conductor temperature of 90 °C by multiplying-the values of Table . by
the corresponding factor k, from Table 1.4 below. Then the power losses shall be calculated

using the formula given above accordingly.

Table 1.4 — Factor k, for different temperatures of
the air inside the enclosure and/or for the conductors

Air temperature inside the Factor k,
englosure around the conductors
°C Conductor temperature of 70 °C Conductor temperature of 90|°C
30 1,82 2,26
35 1,69 2,14
40 1,54 2,03
45 1,35 1,91
50 1,18 1,77
55 1,00 1,62
60 0,77 1,48

It shall be considered that, dependent upon the design of the enclosure, quite different amRient
and|conducton temperatures can occur, especially with higher operating currents.

Verification of the actual te test

38 power losses be calculated b 2 hod

NOTE 1 At higher currents additional eddy current losses can be significant which are not included in the values of
Table 1.3.

NOTE 2 For other busbars with different cross-section, configurations and environment parameters, technical datas
are available in DIN (DIN 43670 for aluminum, DIN 43671 for copper and DIN 43670-2 for copper coated aluminum).
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Annex J
(informative)

Guidance to magnetic and eddy-current power losses

Magnetic eddy currents and hysteresis losses can be significant where the use of conductors
in AC circuits with a current rating exceeding 200 A pass through ferromagnetic enclosures,
sections or plates, to minimize their effects they shall:

— be arranged such that the conductors are only collectively surrounded by ferromagnetic

?aterial e.g. pass through the same hole; or

be gptimized (see Figure J.1). Alternatively, a non-magnetic mate&

Figy

whefre the magnetic

app

partp of the as , such as the steel frame, shall be provided to avoid excessive heatin
the nagnetic

emperature-rise test(s).

To ihcrease the rating of the conductor, for example, the design alj@cable entry plates
can be used.

of 6000 A, the arrange§ﬁt shown in Figure J.1b) is generally acceptable. At higher curr|

rrangements where conductors pass through separate holes shall have been @\imej by

It is|permitted for an additional protective conductor to enter the ferrous enclo |nd|V|duaIIy.
Conductors carrying currents in excess of 200 A and the adjacent stru@
arranged that eddy-current and hysteresis losses are minimized. qu

\<<,,

IEC

@‘\
2 N
.\@
Figure J.1 — Power losses distribution for different
g@ plates with the same rating
O

c)

N
re J.1a) shows the arraﬁg\ement suitable for currents up to 200 A. For currents of the o

s are more significant the arrangement shown in Figure J.1c) is n

opriate. With t her currents sufficient distances between conductors and the magr

Q%

parts ar¢ so

can

rder
ents
hore
etic
g of
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Annex K
(informative)

Forced ventilation airflow calculation

K.1 General

A simplified method of verification for forced ventilation is given in IEC 61439-2:2020. The
method below takes a more fundamental approach.

Thiq informative annex provides more details for calculation methods to determine thoeééﬂplmum
p

airflpw needed for forced ventilation of an enclosure, considering its natural power afion,
and|by utilising the calculation method of this document (without natural ventilation). Also|see
Anngx F for additional guidance. (19

- . Q-
The|dissipated power of an enclosure can be approximated as qu

B, =pxVxe,x(T =T, )+ox A x( in&%)
A O

whefre (to add these symbols to Table 2): QQ
total dissipated power in W, &\)
o mass density (of air) at 7, in kg/m3; \\S\@

14 volume flow rate of the air flow ;@gh the enclosure in m3/s;
heat capacity (of air) in J/kg*cK),'A\

p
Tint | temperature inside the en@j&éure in °C;
Ta ambient temperature @\}%
a heat transfer coo@{iént (includes conduction and radiation of heat) in W/mZ2K;
Ag | surface areaC@ch can transport heat (usually excluding the bottom area) in m2.

The|first par@of the formula describes the amount of heat that is transported out of| the

enclosure by air mass. The source of the air flow can be natural, i.e. by the pressure drop|that
is create ely by the temperature-rise, or forced.
For L lar encl res without ventilation nin nd with P r higher or | to IP4X,

the volume flow and thus the heat dissipation by this effect can be close to zero. Where there
are no construction-based gaps or holes, adding ventilation grills enables a natural air flow that
is significant for temperature-rise calculation.

By adding one or more fans and appropriate adjacent ventilation grills compatible to the air flow
of the fan(s), the volume flow rate can be increased significantly, enabling manufacturers to
design assemblies with significantly higher power losses installed in the same enclosure.

The second part (B) of the formula describes the conduction and radiation of heat, which both
depends on various parameters (e.g. the geometry of the enclosure, the material, the colour,
the surface characteristic i.e. roughness). Thus, it is difficult to specify the heat transfer
coefficient a without measurement. This document proposes a calculation method that replaces
part (B) of the equation by an algorithm based on empirically determined factors. In addition,
an approach to consider natural ventilation is included to represent part (A).
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Once the dissipated power of the enclosure is calculated using this document, the amount of
air volume flow can be determined using the formula below:

Ran =pXx v x Cp X (Z;nt,max _Ta) = P_[)890 (Ae,ji’nt,max _];\)
where
Psan is the power loss dissipated by forced ventilation;
Tint, max 1S the maximum temperature allowed inside the enclosure (limited e.g. by devices);
P is the total installed power loss inside the enclosure (see Annex G);
Pggq is the calculated power dissipation of the enclosure according to this document; wit
considering natural ventilation;
Ag is the effective surface area.
K.2[ Ventilation airflow calculation
Singe the volume flow rate of natural ventilation can be neglécted compared to fo
venfilation, the minimum volume flow rate that shall be generatgd, by the ventilation system
be dalculated by transposing the equation above to:

Sing
ge
be 4

—

= P- P890 (A e,ﬂnt,max - 7; )
™ pxe, X (Tymae —Ta)

e both mass density and specific heatx¢apacity of air are not constant, it is complicate
fhe correct values under the corresponding ambient conditions. Thus, the term pxc,

pproximated for calculation, takidg a derating factor £ for the height above sea level

account, to:

NOT

Furt

kJ
kg x K

~kx1160—"—

m xK

pxcp:kx1,1335%x1,024

E 1 This value's calculated assuming an ambient temperature of 35 °C and a relative humidity of 50 %.

hermore,~the formula for the minimum flow rate is reduced to:

P_Psgo

hout

ced
can

dto
can

into

vV —
" 1160ka(];nt,max_Ta)

Values for the factor k are given in Table K.1:

Table K.1 — Factor & for altitudes above sea level

Height (m)

0

500

1000

1500

2 000

2500

3000

k

1,00

0,95

0,89

0,84

0,80

0,75

0,71

For the internal temperature T;

nt,max’

the highest temperature allowed in the enclosure, limited
by the maximum operation temperature of the incorporated devices shall be considered.
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To select a correct fan and filter system, the calculated volume flow rate shall be compared with
the correct flow rate given in the data sheets, considering grills or filters (see Annex F).

Depending on the equipment inside the enclosure, the air flow can be further inhibited.

Air-flow as calculated above provides effective cooling when the total supply current does not

exceed 1 600 A and when the following conditions are fulfilled:

a) there is no horizontal partition in the assembly or a section of an assembly that restricts the
air flow. This does not exclude the installation of air deflection plates with the intention to
control the cooling air flow;

using an increased air-flow, if appropriate. (1/

NOTE 2 When the above conditions are not fulfilled considerations can be given by comparison to ‘a,lfg'@d design

and

3
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1)

2)

3)

4)

5)

6)

7)

8)

9)

IEC|TR 60890 has- been prepared by subcommittee 121B: Low-voltage switchgear
confrolgear agsemblies, of IEC technical committee 121: Switchgear and controlgear and {
assemblies for low-voltage. It is a Technical Report.

Thig third” edition cancels and replaces the second edition published in 2014. This ed

constitutes-a-technical revision

INTERNATIONAL ELECTROTECHNICAL COMMISSION

A METHOD OF TEMPERATURE-RISE VERIFICATION OF LOW-VOLTAGE

SWITCHGEAR AND CONTROLGEAR ASSEMBLIES BY CALCULATION

FOREWORD

ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).
Feparation is entrusted to technical committees; any IEC National Committee interested in the subject deal

tandardization (ISO) in accordance with conditions determined by agreement betwegen-the two organizatiol

0 4 NS 3T VSO0 o

bnsensus of opinion on the relevant subjects since each technical committee-has representation fro
terested IEC National Committees.

= 5

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compnlising
| national electrotechnical committees (IEC National Committees). The object of IEC is to promote internafional
b-operation on all questions concerning standardization in the electrical and electronic fields. To ¢hisvend and
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Regorts,

Their
with

ay participate in this preparatory work. International, governmental and non-governmental organizations ligising
ith the IEC also participate in this preparation. IEC collaborates closely with the International Organizatign for

ns.

he formal decisions or agreements of IEC on technical matters express, as nearly‘as possible, an internafional

n all

FC Publications have the form of recommendations for international use, and are accepted by IEC Nafional

Jommittees in that sense. While all reasonable efforts are made to gnsufe 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
njisinterpretation by any end user.

transparently to the maximum extent possible in their nationaland regional publications. Any divergence bet
ahy IEC Publication and the corresponding national or regiénal’publication shall be clearly indicated in the |

C itself does not provide any attestation of conformity.® Independent certification bodies provide confo
sessment services and, in some areas, access to"lEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

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

o liability shall attach to IEC or its directars, employees, servants or agents including individual expertg
embers of its technical committees and I[EC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
kpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to the Nonmative references cited in this publication. Use of the referenced publicatio
dispensable for the correct application of this publication.

> VOO 3IZ P OO —

> =

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

=

In order to promote international uniformity, IEC National Cémmittees undertake to apply IEC Publications

een
htter.

rmity
any

and
je or
and
IEC

ns is

atent

and
heir

tion

This edition includes the following significant technical changes with respect to the previous
edition:

alignment with IEC 61439-1:2020;

addition of individual annexes for guidance of technical explanations related to:
— effect of an uneven power distribution;

— additional temperature-rise due to solar radiation;

— effect of different enclosure materials;

— effect of different natural ventilation management;

— forced ventilation management;
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— power losses calculation;

— impact of an adjacent wall can have on the assembly cooling surface(s);
maximum internal ambient temperature limit into an assembly;

validity area of the calculation extended from 3 150 A to 3 200 A;

addition of an algebraic equation to the different curves included in the document.

The text of this Technical Report is based on the following documents:

Draft Report on voting
121B/136/DTR 121B/147/RVDTR
Fulllinformation on the voting for its approval can be found in the report on votingTindicatdd in
the above table.
The[language used for the development of this Technical Report is Englishy
Thi§ document was drafted in accordance with ISO/IEC Directives, Rart 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives,dEC Supplement, availpble
at Wwww.iec.ch/members_experts/refdocs. The main document types developed by IEC|are
des¢ribed in greater detail at www.iec.ch/publications.
The[committee has decided that the contents of this document will remain unchanged until the
stalfility date indicated on the IEC website under webstore.iec.ch in the data related to| the
spe¢ific document. At this date, the document will be
e reconfirmed,
e \ithdrawn,
e freplaced by a revised edition, or
e amended.
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 shaould therefore print this publication using a colour printer.
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INTRODUCTION

In the series of design verifications of IEC 61439-1 a temperature-rise verification of low-voltage
power switchgear and controlgear assemblies is specified. This can be by test, however,
alternatives are acceptable under defined circumstances. Selection of the method used for
temperature-rise verification is the responsibility of the original manufacturer. Where applicable
this document can also be used for temperature-rise verification of similar products in
accordance with other standards (e.g. IEC 60204-1). The method of calculation can also be
used to determine the thermal power dissipation capability of an enclosure in accordance with
IEC 62208 for a given internal air temperature-rise. The factors and coefficients, set out in this

documenthave been derived from measurements-on-numerous-assemblies-and the method has

been verified by comparison with test results.
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022

A METHOD OF TEMPERATURE-RISE VERIFICATION OF LOW-VOLTAGE

1

SWITCHGEAR AND CONTROLGEAR ASSEMBLIES BY CALCULATION

Scope

This document specifies a method of air temperature-rise calculation inside enclosures for low-

voltage switchgear and controlgear assemblies or similar products in accordance with
resgective standard.

The[method is primarily applicable to enclosed assemblies or partitioned sections of\asseml
withjput forced ventilation. However, some technical guidance to adapt it for the‘use of fo
filation is given in this document. The results obtained by using this methed are dirgctly

ven

influenced by the accuracy of the evaluation of power losses used as inputs to perform
thermal calculations.

NOTE The air temperature within the enclosure is equal to the ambient air temperature outside the enclosure
the temperature-rise of the air inside the enclosure caused by the power losses 6f'the installed equipment.

For
ass

temperature does not exceed the maximum daily average(temperature by more than 5 K.

Sevgral annexes in this document provide guidance/on‘how temperature-rise within assemf
can|be affected by influences which are not considered in the calculation method includeg

the method to be applied, the maximum daily average ambient air temperature outsidg
embly at the place of installation is specified between 10€ and 50 °C. The maximum ¢

heir

lies
ced

the

plus

the
aily

lies
din

this|document, for example, when the assembly’is subject to solar radiation. In such cages,
diffgrent means of verification to that given in.this document can be applied to ensure a definjtive

res

2

Thelfollowing documents are.réferred to in the text in such a way that some or all of their con
constitutes requirements of(this document. For dated references, only the edition cited app
For | undated references, .the latest edition of the referenced document (including
amgndments) applies.

IEC|61439 (all parts), Low-voltage switchgear and controlgear assemblies

IEEE C37.24-2017, IEEE Guide for Evaluating the Effect of Solar Radiation on Outdoor M
Enclosed Switchgear

3

Jlt and verification of the design.

Normative references

tent
ies.
any

ptal-

Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61439 (all parts)
apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

IEC Electropedia: available at http://www.electropedia.org/
ISO Online browsing platform: available at http://www.iso.org/obp
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4

Verification conditions

When this method of calculation is applied to low-voltage switchgear and controlgear
assemblies the following conditions shall be fulfilled:

NOTE 2 When this method is used to determine the thermal power dissipation capability of an empty enclosu
accofdance with IEC 62208, the above conditions do not apply.

5

5.1

the assembly is designed for AC currents and frequencies up to and including 1 600 A, 60
Hz. For higher current ratings or frequencies, the method could be used with additional
verifications taking into account the effect of eddy-currents on the temperature distribution

inside the assembly as required by the relevant product standards.

NOTE 1 In IEC 61439-2, additional requirements for currents in excess of 1 600 A are specified to take into

ccount the considerably increased power losses due to magnetic effects (eddy currents, proximity effect
¢ffect)

fhe assembly is designed for DC currents up to and including 3 200 A. For higher-cur
atings the method could be used with additional verifications as required by, the rele
broduct standards;

conductors carrying currents in excess of 200 A AC, and the adjacent_§tructural parts|
50 arranged that eddy-current and hysteresis losses are negligible;

here is an approximately even distribution of power losses inside ®he enclosure;

he power losses data for all built-in components are available or can be calcul
see Clause 5);

fhe installed equipment is so arranged that air circulationli§/not significantly impeded.

Calculation method

Assumptions made in this calculation

skin

rent
vant

are

hted

re in

To Use the calculation method of this document, the following assumptions are deemed valid:

he enclosure is made of metal (steel, aluminium, stainless steel) coated (both sides, in
nd outside), insulating material like thermoplastic or thermoset or similar (see Annex

he enclosure is made of'a’single layer material or multiple layers without air-gap;

or enclosures with ,or without natural ventilation, there are no more than five horiza
artitions in the assembly or in a section of it;

he enclosure is designed without ventilation openings or;

he enclosute\is designed with free air inlet and outlet ventilation openings, without
inclusion-ef.any additional filter (see Annex E);

théscross-section of the air outlet openings is at least 10 % bigger than that of the
openings to permit the chimney effect;

side
D);

ntal

the

nlet

o P L c CRNTR St : : 4-0 2
L] e ThrrmuTm Cross SECUOIT O all et Opertimgs 1s 1TU CITT=,

NOTE 1 Figure 3 and the formula given in Table 7 are not usable for lower cross sections. Assemblies with a

sum of the air inlet openings less than 10 cm? are considered as assemblies without an air inlet.

o if the enclosure has air inlet and outlet openings with filters for an IP5X rating or higher

then these openings are not considered for the calculation;

o for IP ratings lower than IP5X the effective free air cross section of the openings shall

be used for calculation (see Annex E);

where enclosures with natural ventilation openings have compartments, the surface of each
horizontal partition shall be provided with free air ventilation openings of at least 50 % of

the horizontal cross-section of the partition (see Clause B.1);
power losses are considered as a sum of the followings:

e power losses of low-voltage switchgear and controlgear (see Clause G.2);
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Clause G.3);

e power losses of busbars (see Clause G.4);

e power losses of electronic devices (see Clause G.5);

— the enclosure is not subject to solar radiation.

5.2

Necessary information

power losses of conductors connecting low-voltage switchgear and controlgear (see

The following data shall be used to calculate the temperature-rise of the air inside an enclosure:

5.3
5.3.
For

rise
3 of

The
Tab

The

For
the

Whegre enclosures without ‘vertical partitions or individual sections have an effective coq

surf
the

NOT

5.3.

The

imensions of the enclosure: height/width/depth;

ype of installation of the enclosure according to Figure 4;

esign of enclosure, i.e. with or without ventilation openings;

umber of internal horizontal partitions;

ffective power loss of equipment installed in the enclosure, see Annex/G;

ffective power loss (P,) of conductors according to Annex |.

Calculation procedure

( General

of the air inside the enclosure is carried out using¢the’formulae laid down in columns
Table 1.

pertinent factors and exponents (characteristics) are obtained from columns 6 to 1
e 1.

symbols, units and designations arelstated in Table 2.
hir inside the enclosure shall be determined separately for each section.
hce greater than 1136 m2 or a width greater than about 1,5 m, they should be divideq

Calculation into fiCtitious sections, whose dimensions approximate to the foregoing vall

E  The template\(see Figure 9) can be used as a calculation aid.

P Determination of the effective cooling surface 4, of the enclosure

cdlculation is carried out according to Formula (1) in column 1 of Table 1.

the enclosures specified in columns 4 and 5 of Table f5\the calculation of the temperature-

1 to

D of

enclosures having more than, one section with vertical partitions, the temperature-rise of

ling
for
es.

The effective cooling surface 4, of an enclosure is the sum of the individual surfaces A4,

multiplied by the surface factor b. This factor takes into account the heat dissipation of the
individual surfaces according to the type of installation of the enclosure (see Annex H for
additional explanations).

5.3.3  Determination of the internal temperature-rise A¢; 5 of the air at mid-height of
the enclosure
The calculation is carried out according to Formula (2) in column 2 of Table 1.

In Formula (2) the enclosure constant £ allows for the size of the effective cooling surface for
enclosures without ventilation openings and, in addition, for the cross-section of the air inlet
openings for enclosures with ventilation openings.
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The dependence of the temperature-rise occurring in the enclosure on the effective power loss
P is expressed by the exponent x.

The factor d allows for the dependence of the temperature-rise on the number of internal
horizontal partitions.

5.3.4  Determination of the internal temperature-rise At, , of air at the top of the
enclosure

The calculation is made according to Formula (3) in column 3 of Table 1.

Fagtor ¢ allows for the temperature distribution inside an enclosure. Its determination varjes
with the design and installation of the assembly as follows:

a)|For enclosures without ventilation The factor ¢ from Figure 4, depends on the¢
openings and with an effective cooling type of installation and the height/base
surface: factor f, where:
h1,35
Ag > 1,25 m2 f=—
Ab
b) |For enclosures with ventilation openings The factor ¢from Figure 6, depends on th¢
and with an effective cooling surface: cross-section of air inlet openings and the
height/base factor f, where:
h1,35
Ag > 1,25 m?2 f=—
Ab
c) [For enclosures without ventilation The factor ¢ from Figure 8, depends on th¢
openings and with an effective cooling height/width factor g, where:
surface:
Ag £1,25 m2 g:ﬁ
w
where

h | is the enclosure_height, in m;

A, | is the surfacé. area of the enclosure base, in m2;

w | is the enclosure width, in m.

5.3.p Characteristic curve for temperature-rise of air inside enclosure

5.3.51 General

To evaluate the design according to Clause 7, the calculated results of 5.3.3 and 5.3.4 shall be
applied with the proper characteristic curve for temperature-rise of air inside the enclosure as
a function of the enclosure height. The air temperatures within horizontal levels are practically
constant.

5.3.5.2 Temperature-rise characteristic curve for enclosures with an effective
cooling surface 4, exceeding 1,25 m?

As a general rule, the characteristic curve of temperature-rise is adequately well defined by a
straight line which runs through the points Az 5 and Az 5 (see Figure 1),
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The internal air temperature-rise at the bottom of the enclosure is close to zero, i.e. the
characteristic curve flattens out towards zero. In practice, the dotted part of the characteristic
curve is of secondary importance.

A

At
1 0 o TOP

5.3.

For
the

The

Multiple of enclosure height

At
05 05 4 Mid-height

/)

7
-~

— -
-

Temperature rise of air inside enclosuref Az
IEC

Figure 1 — Temperature-rise characteristic curve
for enclosures with A, exceeding 1,25 m?

5.3 Temperature-rise characteristic curvéfor enclosures with an effective
cooling surface 4, not exceeding, 1,25 m?2

this type of enclosure, the maximum temperature-rise in the upper quarter is constant
values for Azq o and At 75 are identical (see Figure 2).

characteristic curve is obtained\by connecting the temperature-rise values at an enclo

level of 0,75 and 0,5 (see Figure 2).

The
cha
cury

internal air temperature-rise at the bottom of the enclosure is close to zero, i.e.
acteristic curve flattens out towards zero. In practice, the dotted part of the character
e is of secondary-importance.

and

bure

the
istic
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TOP

0,75

Multiple of enclosure height

0,5 Mid-height

7

—_— -

Temperature rise of air inside enclosure, Ar
IEC

Figure 2 — Temperature-rise characteristic curve
for enclosures with 4, not exceeding 1,25'm?

5.4 | Maximum internal air temperature limits

Thig document contains a method to calculate the internallair temperature within an enclosure.
Thel resulting temperature shall not exceed the maximium absolute temperature allowed by
diffdrent types of devices and products installed inside:

The| user of this document should refer to the manufacturer’s instructions regarding| the
maximum operational temperature allowed for’the devices used inside the assembly.

NOTE The value of internal air temperatureshas a direct influence on the ageing and operation of byilt-in
compgonents.

6 |Further considerations

6.1| General

The[means of temperature-rise calculation in this document relate to specific arrangements of
assg¢mbly in the conditions as defined. These arrangements and conditions do not covefr all
designs of assembly or the conditions in which some are installed. Where good practises| are
applied the caleulation methods in this document can lead to conservative results.

Anngex B; Annex C, Annex D, Annex E, Annex F, Annex H, Annex J and Annex K detail dood
pragticée ,that can lead to an improvement in thermal performance or some aspects| not
considered—in-the-calcutationmethod-inthis—deocument—However—whenusing-these—additional
considerations, to ensure a defined performance of an assembly, further verification, e.g. test,
shall be performed.

6.2 Guidance on the effects of an uneven power distribution

The aim of Annex B is to determine the temperature-rise where there is not an even power
distribution within an assembly using as a starting point the temperature-rise of a reference

desi

gn or calculation in accordance with Clause 5.


https://iecnorm.com/api/?name=5cbc9466841c09c130203c85601c8ee6

- 14 - IEC TR 60890:2022 © IEC 2022

6.3 Guidance on the additional temperature-rise effect due to solar radiation

In case of outdoor assemblies that are subject to direct sunlight, solar irridiance can significantly
increase internal air temperature-rise and require a derating of the rated currents of the
assembly. See Annex C.
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Table 2 — Symbols, units and designations

Symbol Unit Designation
4, m?2 Surfaces of external sides of enclosure
Ay m?2 Enclosure base surface
A m?2 Effective cooling surface of enclosure
Ag m?2 Surface area, which can transport heat (usually excluding the bottom area)
a W/m2K Heat transfer coefficient (includes conduction and radiation of heat)
b - Surface factor
c - Temperature distribution factor
<o J/kg*K | Heat capacity (of air)
d - Temperature-rise factor for internal horizontal partitions inside enclaosure
f - Height/base factor
g - Height/width factor
h m Enclosure height
k - Enclosure constant
n - Number of internal horizontal partitions (up to five\partitions)
P W Effective power loss of equipment installed inside  enclosure (determined according fo
Annex G)
Pgoo w Calculated power dissipation of the enelosure according to this document, without
considering natural ventilation
Pin W Power losses dissipated by forced ventilation
P, w Effective power losses of copductors
P, W Total dissipated power
p kg/m3 Mass density (of air)(at T,
14 m3/s Volume flow ratéof the air flow through the enclosure
Sair cm? Cross-section-of air inlet openings
T, °C Ambient temperature
Tint °C Temperature inside the enclosure
Tiht,max °C Maximum temperature allowed inside the enclosure (limited e.g. by devices)
w m Enclosure width
X - Exponent
At K Temperature-rise of air inside enclosure in general
ALGE K Temperature-rise of air at (internal) mid-height of enclosure
Aty 75 K Temperature-rise of air at (internal) three quarters height of enclosure
Aty K Temperature-rise of air at (internal) top of enclosure
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Table 3 — Surface factor b according to the type of installation

Type of installation

Surface factor

b
Exposed top surface 1,4
Covered top surface, e.g. of built-in enclosures 0,7
Exposed side faces, e.g. front, rear and side walls 0,9
Covered side faces, e.g. rear side of wall-mounted enclosures 0,5
Side faces of central enclosures 0,5

Flopr surface not taken into account
Ficfitious side faces of sections (see 5.3) which have been introduced only for calculation purposes areyiot taken
intg account

Table 4 — Factor d for enclosures without ventilation openings
and with an effective cooling surface 4, > 1,25 m?

sim

lar configurations.

Number of horizontal 0 1 2 3 4 5
partitions n
Fadtor d 1,00 1,05 1,15 130 1,45 1,55
NOTE Alternative factor d values than those of Table 4 can be used according to comparison with test resultgs of

Table 5 — Factor d for enclosures with ventilation openings
and an effective cooling surface 4, > 1,25 m?2

sim

lar configurations.

Number of horizontal 0 1 2 3 4 5
partitions n
Fadtor d 1,00 1,05 1,10 1,15 1,2 1,25
NOTE Alternative factor d values than-those of Table 5 can be used according to comparison with test results of
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0,8

Key
A_ leffective cooling surface (see 5.3.2)
k lenclosure constant (see 5.3.3)

NOJE See Table 6 for the algebraic expression related to the curve.

Figure 3 — Enclosure constant k for enclosures without ventilation
openings, with an effective cooling surface 4, > 1,25 m?

Boundary conditions: the factor 4, shall be higher than 1,25 and not exceed 12.

Table 6 — Equation for Figure 3

Variable Algebraic expression

k k=0,58 x (45)°7

Key

. . 2
4, effective cooling surface (m<)

k enclosure constant
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c A
1,7
Type of installation No.
—
1,6 2
3
4
— 5
1,5
Symbol Type of installation of enclosure Curve
1 '4 l:’ Separate enclosure, detached on all sides 1
D Separate enclosure for wall-mounting 3
1 13 I I First or last enclosure, detached type 2
I I First or last enclosure, wall-mounting type 4
1 ,2 l:l Central enclosure, detached type 3
D Central enclosure, wall-mounting type’ 5
m Central enclosure for wall‘mounting type 4
1.1 St and with covered top surface
\
1 >

Key
1 |height/base factor (see 5.3.4)

8 9 10 N 12A18 14

¢ [temperature distribution factor (see Figure 6 and Figure 8)

NOTE See Table 7 for the algebraic expressions related to the curves.

Bolndary conditions: the factor f shaill<be higher than 0,3 and not exceed 16.

Figure 4 — Temperature ‘distribution factor ¢ for enclosures without ventilation
openings and with an effective cooling surface 4, > 1,25 m2

Table 7 — Equations for Figure 4

Installation type

Algebraic expressions

17

5 ¢=-0,0017xf2+0,055 x f+ 1,087
4 ¢=-0,0017 x£2+0,055x f+ 1,125
2 o004 7 2.nn:c a4 440

T \> XA LN 7 — O, 090J J T ; TO
2 ¢=-0,0017 xf2+0,055x f+ 1,164
1 ¢=-0,0017xf2+0,055 x f+ 1,182

Key

fequal 16.

¢ temperature distribution factor

f  height / base factor; 0,3 < /<16. If f exceeds 16 then ¢ should be calculated with
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kA
0,4 - 1,25
— 1.5
0,35| 1,25 2
15 2,5
) — 3
0,3 2 — 4
2,5 —_— 5
3 —_— 8
0,25 4\ — 7
5 — 8
6 — 9
0|2 7 — 10
8 — 1
10 14
oj15 | 12 e
1 \ (
0}1 — ¢
oos X —
0 !
0 100 200 300 400 500 600 700 800 900 1000
Sair (cm2
I5C
Key
Sair cross-section of the corresponding air outlet openings
k enclosure constant (see 5.3.3)

Bopndary conditions: the factor S,;\shall be equal or higher than 10 cm?2 and not excged
100 cm?.

Figure 5.~ Enclosure constant k for enclosures with ventilation
opénings and an effective cooling surface 4, > 1,25 m?2

Table 8 — Equations for Figure 5

Variable Algebraic expressions
Ak Ak =2,83 x 102 x In(4,) — 10,39 x 102
Bk Bk = 19,52 x 102 x In(4,) — 76,56 x 102
k k=AkxIn(S,)-B#k

Key
4,  effective cooling surface (m<)
S_. cross-section of air inlet openings (cm?)

air

k enclosure constant

Ak and Bk are intermediary variables to calculate the enclosure constant .
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c .
A Height/base factor

—10
9
2,2 —38
—_7
—6
—5

N
“Nwh

/7

1,6 <
1,4 4
1,2 \
0 =
0 100 200 300 400 500 600 700 800 900 1000
Sair (cm2)
EC

Key
S_..| cross-section of the corresponding air outlet.0penings, cross-section of the corresponding air outlet shquld

air
be at least 1,1 times that of the air inlet opgnings

c temperature distribution factor

NOTE 1 See Table 9 for the algebraic\ekpressions related to the curves.

NOTE 2 Height/base factor f, see 5.3:4.

Bopndary conditions: the factor S,;, shall be equal or higher than 10 cm?2 and not exceedjng
1 400 cmZ2.

Figure'6 — Temperature distribution factor ¢ for enclosures with ventilation
openings and an effective cooling surface 4, > 1,25 m?2
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Table 9 — Equations for Figure 6

Variable Algebraic expressions
Ac Ac=7,6xf+69
Be Bc=5,1x10%x72-1,35x 102 x f+ 14,931 x 102
c c=0,01xAchair/\Bc
Key
c temperature distribution factor
7 height 7 base factor
. o . 2
Sair cross-section of air inlet opening (cm®)
Ac and B¢  are intermediary variables to calculate the temperature distribution
factor c.
kA
10
1 N\
0,1
P1 0,1 1
Ay (M2
FC
Key
4,  effective cooling surface (see 5.3.2)
k enclosure constant (see 5.3.3)

NOTE See Table 10 for the algebraic expression related to the curve.

Boundary conditions: the factor 4, shall not exceed 1,25.

Figure 7 — Enclosure constant k for enclosures without ventilation openings
and with an effective cooling surface 4, = 1,25 m?2
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Table 10 — Equation for Figure 7

Variable Algebraic expression

k k=4if (4, < 0,08) else 0,626 x (4,)~°7%)

Key
A effective cooling surface (m?)

e

k enclosure constant

13

1,25

1,2

1,1

1,05

Key
g |height/width factor (see 5.3.4)

c lLemperature-distributionfastor

\J

IEC

NOTE See Table 11 for the algebraic expressions related to the curve.

Boundary conditions: the factor g shall be equal or higher than 0 and not exceed 3.

Figure 8 — Temperature distribution factor ¢ for enclosures without
ventilation openings and with an effective cooling surface 4, < 1,25 m?
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Table 11 — Equation for Figure 8

Variable Algebraic expressions

c If g > 0,814 7, c = 0,324 055 x (1- e(-1,882 7 x g +0,385 79)) + 0,936 43
Else, ¢ = 0,193 54 x g + 1

Key

¢ temperature distribution factor

g height / width factor
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Calculation of temperature-rise of air inside enclosure

Customer/plant

Type of enclosure

Relevant height mm Type of installation:

dimensions for

h width mm Ventilation openings: yes/no
temperature-rise
depth mm Number of horizontal partitions:
Ay % b
Dimensions 4, Surface factor (column 3) x
| ] | | b according to (column 4)
d Table 3 -
E mxm m?2 m2
G 2 3 4 5
[<)]
9
E Top
d Front
"E Rear
g
il Left-hand side
Right-hand side
A, = %(4, *x b) = Total
With an effective cooling surface 4,
Exceeding 1,25 m? Not exceeding 1,25 m?
1,35 h
¥ (see 5.3.4) g<— (see 5.3.4)
A, w
Air fnlet openings cm?
Englosure constant &
Fagtor for horizontal partitions d
Effective power loss P w
PX E P
Aty =k x d x P K
Temperature distributionfactor ¢
Aty =c* Aty g K
= \
Characteristic curve: @ 10
s
8 o075
Q
T
S 05
=3
=

Temperature rise of air inside
enclosure Af

Figure 9 — Calculation of temperature-rise of air inside enclosures
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Annex A
(informative)

Examples for the calculation of the temperature-rise
of air inside enclosures

Example 1

Single enclosure with exposed side faces without ventilation openings and without internal

hori

Effelctive power loss of equipment installed in the enclosure: P = 300 W.

Calgulation (for values see-template, Figure A.2 on Example 1):

The effective cooling surface 4, is determined according to 5.3.2.

yontal partitions (see Figure A.1).

Dimensions in millim

2000

IEC

Figure A.1 — Example 1, calculation for an enclosure with exposed side faces
without ventilation. 6penings and without internal horizontal partitions

etres

Factor k according to column 7 of Table 1 with 4, > 1,25 m2, as shown in Figure 3:

for 4, = 6,64 m2: k= 0,129

Factor 4 according to column 8 of Table 1 with 4, > 1,25 m2, as specified in Table 4:

with number of horizontal partitions = 0: 4 = 1,0

Effective power loss (as specified) P = 300 W.

Exponent x from column 10 of Table 1 with 4, > 1,25 m2: x = 0,804

The individual\surfaces are calculated from the enclosure dimensions, and the surface fdctor
b is takenfrom Table 3.
The temperature-rise of air Az 5 is determined according to 5.3.3.
Formula (2) from column 2 of Table 1:
Atgs=kxdx P* (A.1)
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With these values entered into the Formula (A.1), the following result is obtained:

Atgs=kxdx P*=0,129 x 1,0 x 3000804

At 5 =12,63 K~ 12,6 K

The temperature-rise of air Ay ( is determined according to 5.3.4.

Formula (3) from column 3 of Table 1:

Factor ¢ according to column 9 of Table 1 with 4, > 1,25 m2, as shown in Figure 4:

h1’35 2 21,35
I = T Toxos >0
Curve 1 of Figure 4 follows:
c=1,44

Vith this value entered into Formula (A.2), the following result is obtained:

At’I,O =c X At0‘5 =1,44 x 12,635)18,18 K~ 18,2 K

in accordance with 5.3.5.2 (see Figure A.2jn the template on Example 1).
The evaluation of the design is made in“accordance with Clause 7.

t shall be verified whether the equipment installed in the enclosure is capable of functio
atisfactorily at the specified currents and calculated temperature-rises, considering
mbient air temperature (see Note of Clause 1).

f this is not so, the parameters shall be changed and the calculation repeated.

At1,0 =cX At0’5 (AZ)

The temperature-rise characteristic curve is.determined for enclosures with 4, > 1,25/m2,

ning
the
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Calculation of temperature-rise of air inside enclosure

Customer/plant

Example 1

Type of enclosure

Single enclosure

Relevant Height 2200 mm | Type of installation: Detached on all sides
dimensions for . o - -
temperature-rise Width 1000 mm Ventilation openings: yes/no
Depth 500 mm Number of horizontal partitions: 0
. . A xb
1 I | | Dimensions 4o Surface factor b (column 3)°>< (column 4)
according to Table 3
q m X m m2 m2
g
4 2 3 4 5
7
[e)]
g
Tc: Top 1,0 x 0,5 0,5 1,4 077
d | Front 1,0 x 2,2 2,2 0,9 1,98
4 | Rear 1,0 x 2,2 2,2 0,9 1,98
q
E Left-hand side 0,5 x 2,2 1,1 0,9 0,99
Right-hand side 0,5 x 2,2 1,1 0,9 0,99
4, = Z(4, * b) = Total 6,64
With an effective cooling surface 4,
Exceeding 1,25 m? Not exceeding 1,25 m?
1,35 A
=+ (see 5.3.4) g=— (see 5.34)
b w
2’21,35
= = 5’8 = =
1%0,5
Air jnlet openings cm?- |0,
Englosure constant k 0,129
Fagtor for horizontal partitions d 1
Effective power loss P W | 300
PX E P 98,09
Aty =k xdx P~ K| 12,63K=~ 12,6 K
Temperature distributionfactor ¢ 1,44
At hy=cx At ¢ K| 18,18 K= 18,2 K

Characteristic curve:

0,75 7

Mubtiple of entiosure height

Temperature rise of air inside
enclosure At

Figure A.2 — Example 1, calculation for a single enclosure
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A.2 Example 2

Enclosure for wall-mounting with ventilation openings

cross-section of air inlet openings =1 220 cm?
cross-section of air outlet openings =1 800 cm?
with two horizontal partitions inside the enclosure. Each horizontal partition, for example

perforated plate, has ventilation openings, the cross-sectional areas of which exceed 50 % of
the enclosure cross-section (see Figure A.3 and Figure A.4).

Effelctive power loss of equipment installed in the enclosure P =2 200 W.

Dimensions/in millimetres

.
I
2200

IEC

Key

ir outlet openings

O o >

A
Horizontal partitigns-with ventilation openings, for example perforated plate
A

ir inlet openifigs

Figure A.3 — Example 2, calculation for an enclosure
for wall-mounting with ventilation openings

CalcuTlation (for values see template Figure A.5 on Example 2).

Given an expected cooling surface of the enclosure is more than 11,5 m2 and has an enclosure
width exceeding 1,5 m, the entire enclosure shall be divided, for calculation purposes, into
sections (partial enclosures) as indicated in 5.3.1. To simplify the procedure, as no structural
divisions are available, the entire enclosure is, in this example, divided into two equal sections
(enclosure halves). The power losses and ventilation openings are supposed to be evenly
distributed in both parts (enclosure halves) so that for the calculation they are divided by two.

The calculation is carried out for only one enclosure half, the result being applicable to the other
half.

— Necessary information according to 5.2 for one half of the enclosure
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Dimensions in millimetres  gnciosure for wall-mounting with air inlet
openings

1220
== 610 cm?

With air outlet openings

1800

——— =900 cm?
2
With two horizontal partitions for
| | o T
- = example perforated plate
A/L4;77‘7‘7‘7“7‘7 | N p p p
S M gl A G ol N ;
I R Ay Aty ol N iy o ST Effective power loss
B e et Wi —~~,;/\‘/“—,—7; 17—
| —— 7 i i N a 2200
: I S e s Wi = —=1100 W
I N R == -
——
—— I
~~~~~~~~~~ 1
e
< 7

Enclosure half

IEC

Figure A.4 — Example 2, calculation-for one enclosure half

The effective cooling surface of each enclosure half is determined according to 5.3.2.

The individual surfaces are calculated from the enclosure dimensions, and the surface fdctor
b is taken from Table 3.

The dividing surface between the twosenclosure halves which has been obtained as a result
pf the fictitious division, is not takenZinto account in accordance with Table 3.

The temperature-rise of air Aty g)is determined according to 5.3.3.

Formula (2) from column 2 ©of Table 1
AtO,S =k xdx pPx (A3)

Factor k accordingto column 7 of Table 1 and 4, > 1,25 m2, as shown in Figure 5.
For 610 cm?air inlet openings and 4, = 7,674 m2: k = 0,071 3

Factor_d.according to column 8 of Table 1 and 4, > 1,25 m2 as specified in Table 5 with|two
norizontal partitions: d = 1,10

Fffective power loss (as specified) P=1 100 W

Exponent x from column 10 of Table 1 with 4, > 1,25 m2: x = 0,715

With these values entered into the above Formula (A.3), the following result is obtained:
Atgs =k xdx P =0,071x1,10 x 1 1000.715
Aty5=11,72K =~ 11,7 K

The temperature-rise of air Aty ( is determined according to 5.3.4.

Formula (3) from column 3 of Table 1

At1,0 =cX Al‘o’5 (A4)
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Factor ¢ according to column 9 of Table 1 and 4, > 1,25 m2, as shown in Figure 6.

h1'35 2 21,35

= = = 2,50
f A, 1,45x0,8

Figure 6 shows that, for 610 cm? air inlet openings:

c=1,88

With these values entered into Formula (A.4), the following result is obtained:

Aty g=cx Atg5=1,87x 11,67 =22,03 K~ 22 K

— The temperature-rise characteristic curve is determined for enclosures with A4,|> 1,25/m?2,
in accordance with 5.3.5.2 (see Figure A.5 in the template on Example 2).

— The evaluation of the design is made in accordance with Clause 7.

t shall be verified whether the equipment installed in the enclosure is\¢apable of functiohing
atisfactorily at the specified currents and calculated temperature-rises, considering| the
mbient air temperature (see Note of Clause 1).

f this is not so, the parameters shall be changed and the calculation repeated.
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Calculation of temperature-rise of air inside enclosure

Customer/plant Example 2

Type of enclosure 2 200 high, 2 900 wide, 800 deep; divided in 2 enclosure halves

Relevant Height 2200 mm | Type of installation: Wall-mounting
?lmensmns fo_r Width 1450 mm Ventilation openings: yes/no
emperature-rise
Depth 800 mm Number of horizontal partitions: 0
A xb
‘ . .
N Dimensions 4o Surface factor b (column 3)°>< (column 4)
a A according to Table 3
d L A mxm 2 2
g | 12 T T
7 2 3 4 5
g | Top 1,45 x 0,8 1,16 1,4 1,624
qd
5 Front 1,45 x 2,2 3,19 0,9 2,871
_% Rear 1,45 x 2,2 3,19 0,5 1,595
E Left-hand side 0,8 x 2,2 1,76 0,0 -
4 Right-hand side 0,8 x 2,2 1,76 0,9 1,584
4, = Z(4, = b) = Total 7,674
With an effective cooling surface 4
Exceeding 1,25 m? Not éxceeding 1,25 m?
1,35 A
=+ (see 5.3.4) g=— (see 5.3.4)
. i w
2’21,35
= = 2’5 = =
1,45 x 0,8
Air jnlet openings cm? | 610
Endlosure constant & 0,071 3
Fagtor for horizontal partitions d 1,1
Effective power loss P W | 2200/2=1100
PX E P 149,48
Aol =k x d x P¥ K| 1,72K=11,7K
Temperature distributionfactor ¢ 1,88
Aty =cx Aty 5 K| 2203K=22K
Characteristic curve: E} 10
§ 0,75 Z
! /
3 ﬂ_C
&
=

/

Temperature rise of air inside
enclosure A

Figure A.5 — Example 2, calculation for an enclosure
for wall-mounting with ventilation openings
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Annex B
(informative)

Guidance on the effects of an uneven power distribution

B.1 Horizontal partition

For typical assemblies used in the distribution of electrical energy, functional units are installed
one above another with horizontal partitions in between each of the functional units. Typical
arrapgements are shown in the examples of Figure B.1

R\

IEC

7
Zs
I

EC

[V

Assembly without ventilation openings, and
ss than 50 % perforation in horizontal partition

b) ~Assembly with ventilation openings, and 3
least 50 % perforation in horizontal partition

€
Key

1td 5 horizontal separation

Figure B.1 — Examples\of assemblies with horizontal partitions

The|calculation method in Clause-5 assumes:

1) there is an approximatelyeven power distribution within the assembly; and,

2) ach
orizontal partitian)is at least 50 % of the horizontal cross-section of the compartment to

nsure a sufficient air flow through the compartment.

vith a ventilated assembly, the area of the ventilation openings (perforation) in ¢

!

In Jome assemblies, for example certain designs of motor control centre (MCC), these

con
high
and

litions are not fulfilled; uneven power distribution can result from one circuit having a m
er power dissipation per unit volume (circuit with highest power dissipation) than the ot

uch
hers
ntal

or/the perforation in horizontal partitions can be much less than 50 % of the horizg
s séction of the compartment

cro

B.2 Calculation of internal air temperature-rise for assemblies with ventilation
openings with even power distribution and less than 50 % perforation in

horizontal partitions

Assuming the power dissipation is approximately even within the section being considered,
calculate the temperature-rise assuming there is no ventilation. The air temperature at any
position within the section shall not exceed the maximum operating temperature allowed for the
components at their respective positions within the section. See 5.4.
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B.3 Calculation of internal air temperature-rise with an uneven power

distribution

This is a two or three step process.

First step: determine the air temperature-rise at the point in the section where the higher-
power dissipation circuit shall be located. This can be by measurement of the temperature
in a reference design temperature-rise test. Alternatively, using this document calculate the
air temperature-rise at the point in the section where the higher-power circuit shall be
located considering the total power loss of the section, excluding the power loss of the
higher-power circuit. For example, T° D3 in Figure B.2

econd step: assume the higher-power circuit (PW D3 in Figure B.2) is enclosed “as |it is
ithin the assembly by using factors for covered surfaces in Table 3, and calculatevth¢ air
emperature within PW D3 in accordance with 5.3, using the dimensions of (PW D3 |and
ssuming an ambient temperature T° D3. The calculated air temperature within,PW D3 ghall
ot exceed the maximum operating temperature allowed for the components installed within
W D3. See 5.4.

hird step: if the higher-power circuit is located at the top position, this)step is not required.
f the higher-power circuit is not located at the top of its section using 5.3, calculate the air
emperature within the section considering the total power |lags. within the section. [The
talculated air temperature at any position within the section_shall not exceed the maximum
pperating temperature allowed for the components at their respective positions. See 5.4.

PW D4 PW D4

. T° D3 PW D3

PW D3
PW D2 PW D2
PW D1 PW D1
IEC IEC IEC
Step 1: calculate the air Step 2: calculate the air Step 3: calculate the air
temperature within the temperature within the temperature within the
section without the higher-power circuit section including the
higher-power circuit assuming an air higher-power circuit

temperature of T° D3

Figure B.2 — Temperature-rise verification of a higher-power circuit
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