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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

Methods relating to conduction are direct mathematical derivations from Fourier's law of heat conduction, so
international consensus is purely a matter of mathematical verification. No significant difference in the
equations used in the member countries exists. For convection and radiation, however, there are no methods
in practical use that are mathematically traceable to Newton’s law of cooling or the Stefan-Boltzman law of
thermal radiation, without some empirical element For convection in particular_many different equations have
been|developed, based on laboratory data. Different equations have become popular in differgnt countries,
and rnjo exact means are available to select between these equations.

Withi ulation, heat-

trans

n the limitations given, these methods can be applied to most types of industrial, thermal-ins
fer problems.

a)

e methods do not take into account the permeation of air or the trapsmittance of thermal radiation
gh transparent media.

Thes
throu
The pquations in these methods require for their solution that some_system variables be khown, given,
assumed or measured. In all cases, the accuracy of the results depends on the accuracy of the irjput variables.
This |nternational Standard contains no guidelines for accurate measurement of any of the variabjes. However,
it dogs contain guides that have proven satisfactory for estimating some of the variables for many industrial
thermal systems.

It shg

uld be noted that the steady-state calculations are dependent on boundary conditions. Often

et of boundary conditions is not sufficient to charfacterize a thermal system that operates i
al environment (process equipment operatingZyear-round, outdoors, for example). In suc

necegsary to use local weather data based on yearly averages or yearly extremes of the weat

a solution at
N a changing
N cases, it is
her variables

(depgnding on the nature of the particular calculation) for the calculations in this International Stapdard.

In particular, the user should not infer frant the methods of this International Standard that eith
qualify or avoidance of dew formation cah be reliably assured based on minimal, simple measu
appligation of the basic calculation‘'meéthods given here. For most industrial heat flow surfaces
isothérmal state (no one, homogeneous temperature across the surface), but rather a varying
profile. This condition suggests the requirement for numerous calculations to properly m
characteristics of any one surface. Furthermore, the heat flow through a surface at any point is

er insulation
rements and
, there is no
temperature
bdel thermal
a function of

several variables that are-not directly related to insulation quality. Among others, these vari
ambignt temperature, tmovement of the air, roughness and emissivity of the heat flow surf3
radiafion exchange “with the surroundings (which often vary widely). For calculation of de
variapility of the lecal humidity is an important factor.

Except inside-buildings, the average temperature of the radiant background seldom correspo
temp
scop¢ ©fthis International Standard. For these reasons, neither the surface temperature nor th
differe i i frcti i i
avoidance of dew formation.

ables include

ice, and the
formation,

ds to the air
5 beyond the
temperature

Clauses 4 and 5 of this International Standard give the methods used for industrial thermal insulation
calculations not covered by more specific standards. In applications where it is not necessary to assure
precise values of heat energy conservation or (insulated) surface temperature, or where critical temperatures
for dew formation are either not approached or not a factor, these methods can be used to calculate heat flow
rates.

Clauses 6 and 7 of this International Standard are adaptations of the general equation for specific applications
of calculating heat flow temperature drop and freezing times in pipes and other vessels.

Annexes B and C of this International Standard are for information only.

© 1SO 2008 — All rights reserved
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INTERNATIONAL STANDARD ISO 12241:2008(E)

Thermal insulation for building equipment and industrial
installations — Calculation rules

1

cope

This [International Standard gives rules for the calculation of heat-transfer-related pfoperties of building
equigment and industrial installations, predominantly under steady-state conditions.” This
Standlard also gives a simplified approach for the treatment of thermal bridges.

2

ormative references

International

The ffollowing referenced documents are indispensable for the application of this document. For dated

refer
docu

ISO 1

ISO ¢

nces, only the edition cited applies. For undated referencCes; the latest edition of th
ment (including any amendments) applies.

(345, Thermal insulation — Physical quantities and definitions

transfer — Vocabulary

ISO

0211, Thermal bridges in building construction — Heat flows and surface temperature

calculations

ISO

declgred thermal conductivity

b referenced

D346, Hygrothermal performance of buildings and*building materials — Physical quantitles for mass

5 — Detailed

3787, Thermal insulation products-for building equipment and industrial installations — Defermination of

ISO 23993, Thermal insulation for building equipment and industrial installations — Determinatjon of design
thermpal conductivity

3.1

For t

Terms, definitions and symbols

Terms and definitions

he-purposes of this document, the terms and definitions given in 1ISO 7345, 1SO 9346, IS

ISO 23293 apply.

D 13787 and

©I1SO
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3.2 Definition of symbols

Symbol Definition Unit
A area m?
a, temperature factor K3
C thickness parameter (see 4.2.2) m
o radiation coefficient W/(m2-K*)
¢ specific heat capacity at constant pressure kJ/(kg-K)
D diameter m, mm
d thickness m, mm
H height m
h surface coefficient of heat transfer W/(m2K)
/ length m
m mass kg
mass flow rate kg/h
P perimeter m
q density of heat flow rate W/m?2
q4 linear density of heat flow rate for ducts W/m
q linear density of heat flow rate W/m
R thermal resistance m2-K/W
Ry linear thermal resistance of ducts m-K/W
R linear thermal resistance m-K/W
R linear thermal surface resistance m-K/W
Ry surface resistance of heat\transfer m2.K/W
Ron thermal resistance forhollow sphere KW
I freezing time
Iy cooling time h
fwp time until'freezing starts h
T thermodynamic temperature K
thermal transmittance W/(m2K)
U linear thermal transmittance W/(m-K)
Usph thermal transmittance for hollow sphere W/K
Ug thermal transmittance of thermal bridge W/(m2-K)
AUg ﬁ]dsclijllt;c:ircl)arl"l_’f’zge%oar]ee?noar:dtjlrr}gsgslnstalIatlon-related and/or irregular WI/(m2K)
Ur total thermal transmittance for plane wall W/(m2-K)
U, total linear thermal transmittance W/(m-K)
UT,sph total thermal transmittance for hollow sphere W/K
v air velocity m/s

© 1SO 2008 — All rights reserved
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Symbol Definition Unit
z,y correction terms for irregular insulation-related thermal bridges —
¥, y* correction terms for installation-related thermal bridges —

a coefficient of longitudinal temperature drop m-"
o' coefficient of cooling time h~1
Ahg, specific enthalpy; latent heat of freezing kJ/kg
£ emissivity _

1)) heat flow rate W
A design thermal conductivity Wi/(m-K)
Aq declared thermal conductivity W/(m-K)

17 Celsius temperature °(

A6 temperature difference K|
density kg/m3
relative humidity %

o Stefan-Boltzmann constant (see Reference [8]) W/(m$-K*)

3.3 | Subscripts

a ambient lab laboratory
av average | linear
B thermal bridge p pipe
[ cooling r radiation
cv convection ref reference
design, duct, dew point s surface
E soil sph spherical
e exterior, external se surface, exterior
ef effective si surface, interior
fm final tempetature of the medium T total
fr freezing \Y, vertical
H Rorizontal v vessel
i interior, internal W wall
im initial temperature of the medium w water

4 Calculation methods for heat transfer

4.1 Fundamental equations for heat transfer

4.1.1 General

The equations given in Clause 4 apply only to the case of heat transfer in a steady-state, i.e. to the case
where temperatures remain constant in time at any point of the medium considered. Generally, the design
thermal conductivity is temperature-dependent; see Figure 1, dashed line, which is derived by iterative
calculations. However, in this International Standard, the design value for the mean temperature for each layer
shall be used.

© 1SO 2008 — All rights reserved
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4.1.2 Thermal conduction

Thermal conduction normally describes molecular heat transfer in solids, liquids and gases under the effect of
a temperature gradient.

It is assumed in the calculation that a temperature gradient exists in one direction only and that the
temperature is constant in planes perpendicular to it.

The density of heat flow rate, ¢, for a plane wall in the x-direction is given by Equation (1):

de

g=-199 (1)
X
For a single layer, Equations (2) and (3) hold:
A

q= E ( 9si - gse) (2)

or
Hsi — Hse
—| Zsil “se 3

q [ n 3)
where

A is tHe design thermal conductivity of the insulation product ofsystem;

d s tHe thickness of the plane wall;

6, is the temperature of the internal surface;

O s ttle temperature of the external surface;

R s the thermal resistance of the wall.

q
-+
esi
A
=
1 d -

NOTE The straight line shows a negligible temperature dependence on 4 and the dashed curve a strong dependence.

Figure 1 — Temperature distribution in a single-layer wall

For multi-layer insulation (see Figure 2), ¢ is calculated according to Equation (4):

Hsi — ese

R (4)

q:

4 © 1SO 2008 — All rights reserved
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where R’ is the thermal resistance of the multi-layer wall, as given in Equation (5):

n
R':Z—f

d -

=17

NOTE The prime denotes a multi-layer quantity.

The |

wher

©I1SO

B q
A, A An-z A3 Az Ay
7§ 7 Bsi
/ 0,
6,
" Z
» dn dn-1;‘ dn_z d3 Sl dz | d1 =

Figure 2 — Temperature distribution in a multi-layer wall

near density of heat flow rate, g, of a single-layer hollow cylinder (see Figure 3) is given in B
O -0
) = si — Yse
R
e R is the linear thermal resistance of a single-layer hollow cylinder, as given in Equation (7)
|n&
R) =S
21 A
Figure 3 — Temperature distribution in a single-layer hollow cylinder
2008 — Al rights reserved
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For multi-layer hollow cylinder (see Figure 4), the linear density of heat flow rate, g, is given in Equation (8):

Osi —Vse
== 8
q R (8)
where R| is given by Equation (9)
n D..
A [Lm J ©)
where
D, =Dg
Figure 4 —Temperature distribution in a multi-layer hollow cylinder
The heat flow rate, @, 'of a single-layer hollow sphere (see Figure 5) is as given in Equation (10):
sph
Do 20
@ . —Ysi—¥se 10
sph Rsph ( )
where Rspn is the thermal resistance of a single-layer hollow sphere, as given in Equation (11):

R - [ 1
sh = 2ni\ D, D,

where

D is the outer diameter of the layer;

D.

is the inner diameter of the layer.

(11)

© 1SO 2008 — All rights reserved
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The heat flow rate, @

Zjsph =

wherg R's;p,

, 1

D, =D

Figure 5 — Temperature distribution in a single-layer. hollow sphere

ph

Hsi — Hse

R:sph

is as given in Equation (13):

b _ani L
sShon~ 1 \D. . D,

=170\ J

of a multi-layer hollow sphere (see Figure 6)\is as given in Equation (12}

Figure 6 — Temperature distribution in a multi-layer hollow sphere

© 1SO 2008 — All rights reserved
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The linear density of heat flow rate, ¢4, through the wall of a duct with rectangular cross-section (see Figure 7)
is as given in Equation (14):

Ogi — 0
qq = Sle se (14)

The linear thermal resistance, Ry, of the wall of such a duct can be approximately calculated as given in
Equation (15):

Ry = _2d (15)
A(Pe+R)

where

d is the thickness of the insulating layer;

P; is the inner perimeter of the duct;

P, is the external perimeter of the duct, as given in Equation (16):

Pl =P+ (8 xd) (16)
- d _—
Nak
A
17 ma— ®
|
A
Figure 7 — Temperature distribution in a wall of a duct with rectangular cross-section
at temperature-dependent thermal conductivity

41.3 Surfdce coefficient of heat transfer
In general, the surface coefficient of heat transfer, #, is given by Equation (17):

h=h.+ hg, 17)
where

h. is the radiative part of the surface coefficient of heat transfer;

h., is the convective part of the surface coefficient of heat transfer.

NOTE 1 h, is dependent on the temperature and the emissivity of the surface. Emissivity is defined as the ratio
between the radiation coefficient of the surface and the black body radiation constant (see ISO 9288).

NOTE 2 hey s, in general, dependent on a variety of factors, such as air movement, temperature, the relative
orientation of the surface, the material of the surface and other factors.

8 © 1SO 2008 — All rights reserved
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4.1.3.1 Radiative part of surface coefficient, 7,
h, is given by Equation (18):

h.=a, C,
where

a, s the temperature factor;

C, s the radiation coefficient, as given by Equation (21).

(18)

The tlemperature factor, «,, is given by Equation (19):

. (11)* = (1p)*

' T —T,

and ¢an be approximated up to a temperature difference of 200 K by Equation(20):
4~ 4 x (Ty,)3

wherg T,, is the arithmetic mean of the surface temperature and{the mean radiant tempe
surroundings.

The fadiation coefficient, C,, is given by Equation (21):

C=¢0o

wherg o is the Stefan-Boltzmann constant [5,67 = 16-8 W/(m2-K4)].

4.1.3|12 Convective part of surface coefficient, 7,

41.3|21 General

For donvection, it is necessary te-tmake a distinction between the surface coefficient inside build
in open air. For pipes and containers, there is a difference as well between the internal surface ¢
and the external surface coefficient, /.

NOTE In most cases;.h; Can be neglected by assuming that the inner surface temperature equals the
the medium.

4.1.3[2.2 Inside buildings

In the intefior of buildings, %, can be calculated for plane vertical walls and vertical pipes for
convéction (H 3A0 < 10 m3-K) by Equation (22):

(19)

(20)

ature of the

(21)

ngs and that
oefficient, #;,

emperature of

laminar, free

A6
h., =1,32x 4—
cv X I

where
AO= |0y — b,l;
e is the surface temperature of the wall;
6, is the temperature of the ambient air inside the building;

H is the height of the wall or diameter of a pipe.

© 1SO 2008 — All rights reserved
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For vertical plane walls and vertical pipes, and as an approximation for large spheres inside buildings, the

convective part, &

oy for turbulent, free convection (H 3A0 > 10 m3-K) is given by Equation (23):

hey = 1,74 x A6

Equations (22) and (23) may also be used for horizontal surfaces inside buildings.

NOTE

This means that the same coefficient is used for all surfaces of a rectangular duct.

(23)

For horizontal pipes inside buildings, 4, is given by Equation (24) for laminar airflow (De3A6'< 10 m3-K) and
by Equation (25) for turbulent airflow (Dg3A6 > 10 m3.K):

hey = 1,2
hey = 1,2
41323 ¢

For vertical g
of the surfac
turbulent airf|

Equations (2

5 x 4{£
Deg
1 x 3\/A9

Dutside buildings
lane walls outside buildings and as an approximation for large spheres, the convective par

e coefficient is given by Equation (26) for laminar airflow (v// <.8 m2/s) and by Equation (2
ow (vH > 8 m2/s):

v

H

4
6 x 51/‘}—
H

5) and (27) may also be used for horizental surfaces outside buildings.

6 x

For horizontal and vertical pipes that are outside buildings, Equation (28) applies for laminar 4

10-3 m?/s) and Equation (29)-for turbulent airflow (vD, > 8,55 x 10-3 m?/s):

+3,14x |
De

x 1073

e

(24)

(29)

s Mtowr

7) for

(26)

(27)

irflow

(28)

(29)

(vD, < 8,55
8,1
hcv ]
hey = 8,
where
D

e

v

is the external insulation diameter, expressed in metres;

is the air velocity, expressed in metres per second.

For calculation of the surface temperature, Equations (22) to (25) should be used for wall and pipe instead of
Equations (26) to (29) when the presence of wind is not established.

Table 1 the gives number of the appropriate equation to use to calculate #,, for different building elements.

10

© 1SO 2008 — All rights reserved
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Table 1 — Selection of the equation to calculate 7,

Walls Pipes
Location vertical horizontal vertical horizontal
laminar turbulent laminar turbulent laminar turbulent laminar turbulent
inside
buildings (22) (23) (22) (23) (22) (23) (24) (25)
outside
buildings (26) (27) (26) (27) (28) (29) (28) (29)

All the equations for the convective part of the outer thermal surface coefficient inside buildingq apply to the
heat fransfer between surfaces and air at temperature differences AT < 100 K.

NOTH The change from an equation for laminar flow to that for turbulent flow can result in a step [change in the
convdction coefficient for an incremental change in v or H. This is a result of the approximatioris used for thelequations.

4.1.3{3 Approximation for the calculation of /g

The outer surface coefficient, A, can be calculated approximately using’the coefficients in Table 2, together
with Equation (30) for horizontal pipes inside buildings or Equation,{31) for vertical pipes and| walls inside
buildings:

se = CH+ 0,06 xA0 (30)
se = Cy+0,09x A0 (31)

Equation (30) can be used for horizontal pipe in the‘range D, = 0,25 m to 1,0 m and Equation (31), for vertical
pipe pf all diameters.

Table 2 — Coefficients C, and C,, for approximate calculation
of.total exterior thermal surface coefficient

[ x 1078

Surface Cy Cy £ v ;(mz-K“)
Alumiinium, bright rolled 25 27 0,05 0,28
Alunminium, oxidized 3.1 3,3 0,13 0,74
Galvpnized sheet 'metal, blank 4,0 4,2 0,26 1,47
Galv'anized sheet' metal, dusty 53 55 0,44 2,49
Austénitic, steel 3.2 34 0,15 0,85
AlumliniUm-zinc sheet 3,4 3,6 0,18 1,02
Non-metallic surfaces 8,5 8,7 0,94 5,33

For cylindrical ducts with a diameter less than 0,25 m, the convective part of the external surface coefficient
can be calculated to a good approximation by Equation (24). For larger diameters, i.e. Dy > 0,25 m, the
equation for plane walls, Equation (22), can be applied. The respective accuracy is 5% for diameters
Dg>0,4m and 10 % for diameters 0,25 m <D, < 0,40 m. Equation (22) is also used for ducts with a
rectangular cross-section, having a width and height of similar magnitude.

41.34 External surface resistance

The reciprocal of the outer surface coefficient, 4, is the external surface resistance.

© IS0 2008 - All rights reserved 1
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For plane wa

lls, the surface resistance, Ry, is given by Equation (32):

Rse = — (32)
hse
For pipe insulation, the linear thermal surface resistance, R, is given by Equation (33):
Rg=—— (33)
le= 7
hse mDg
For hollow spheres_the thermal surface resistance PWILI --iS given by Fquation (34):
1
Rsph,e = (34)

4.1.4 Thermal transmittance

41.41

The thermal
calculated in

After this cal

General

2
hsemDg

transmittance, U, for plane walls and the linear thermal transmittance, U, for pipes shall be
accordance with 4.1.4.2, using the design values of thermal conductivity according to ISO 28993.

Culation, the values of the thermal transmittances U and U shall be increased in accordance with

4.1.4.3 to tgke into account influences of either installation-related“or irregular insulation-related thgrmal
bridges to dgtermine the total thermal transmittance.
41.4.2 Thermal transmittance without thermal bridge corrections
The thermal fransmittance, U, is defined by Equation (35):
U= ?—QZ (3%5)
where
0, is the ambient external temperature;
6; is the internal air temperature for plane walls or the temperature of the medium inside for pipes,
duc}s and vessels.
For plane wdlls, the thermal transmittance, U, can be calculated by Equation (36):
% = hil 1R+ é (36)
=Rgi+ R+ Ryg
=Ry
For pipe insulation, the linear thermal transmittance, U}, can be calculated by Equation (37):
Uilz hiT:Di +R|+hse1nDe (37)
=Rjj+ R+ R
=Ry

12
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For rectangular ducts, the linear thermal transmittance, Uy, can be calculated by Equation (38):

L=—1 + Ry +—1 (38)
Ud hiPi he Pe

=Rt g

For hollow spheres, the thermal transmittance, Usph is given by Equation (39):

1 1
= Y + R‘:hh + Y (39)
soh  hinDi  ° hgemDe
= RT,sph

In Equations (36) to (39), R, R and Ry, are surface-to-surface thermal resistances,

The surface resistance of flowing media in pipes, Rg; (in the cases predominantly considered tere) is small
and ¢an be neglected. For the external surface coefficient, /4., Equations (88)and (31) apply. Fpr ducts, it is
necegsary to include the internal surface coefficient as well. It can be ‘@pproximated using the¢ appropriate
equations in Clause 4, taking into account the velocity of the medium jn the duct.

The feciprocal of thermal transmittance, U, is the total thermal resistance, Ry, for plane walls, the total linear
thermal resistance, Ry, for pipe insulation and Ry gy, for hollow:sphere insulation.

41.4{3 Determination of total thermal transmittance

For plane walls, the total thermal transmittance, Uy, shall be determined by Equation (40):
1 =U +AUg (40)
For pipes, the total linear thermal transmittance, Ut |, shall be determined by Equation (41):
Ut =U)+AUg, (41)
For hollow spheres, the total thermal transmittance, Ur g, shall be determined by Equation (42):
yT,sph = Usph + AUB,sph (42)
where AUg, AUg |and"AUg g, are calculated in accordance with Clause 7.

4.1.5| Temperatures of the layer boundaries

The gereral equation for the density of the heat flow rate in a multi-layer wall is written in the [general form
giverLby/Equations (43) and (44) (see also Figure 8):

- 43

7 7Ry (43)

Rr=Rg+Ry+Ry+ ...+ R, + Ry (44)
where

R4...R, are the thermal resistances of the individual layers and Ry and Ry, are the thermal surface
resistances of the internal and external surfaces, respectively.

© IS0 2008 - All rights reserved 13
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B q
,E- Bsi /6'
6
8,
“on-1
S

93/
Rse . Rn = Rn-1 RB ;‘RZ;‘ R1 | Rsi

Figure 8 — The temperature distribution for a multi-layer plane wall in relation to the thermal surface
resistance and the thermal resistances of layers

The ratio befween the resistance of each layer or the surface resistance with respect to the total resisfance
gives a measure of the temperature change across the particular layer or surface, expressed in K, as giJyen in
Equations (4p) to (48):

R B URN (45)
0~ 0, 1 % (0~ 6,) (46)
0, - 0,7 f:—iwi - 4) @47)
Ose — Oa %s-re (60— 93) (48)

R+ is calculated for plane walls-according to Equation (36), for cylindrical pipes according to Equation (37), for
rectangular ducts accordingto’Equation (38) and for spherical insulation according to Equation (39).

4.2 Surfagce temperature

4.21 Gengdral

The surface temperature can be calculated by using Equation (45) or Equation (48).

For operational reasons, it is often stipulated in practice that a certain surface temperature or temperature of
the surface higher than that of the ambience should be maintained. However, the surface temperature is not
necessarily a measure of the quality of the thermal insulation. This depends on the design thermal
conductivity but also on operating conditions, which cannot be readily determined or warranted by the
manufacturer. These include operating temperatures of the medium, ambient temperature, movement of the
air, state of the insulation surface, effect of adjacent radiating bodies, meteorological conditions, etc.

With all these parameters, it is possible to estimate the required insulation thickness using Equation (48) or

Figure 9 (see Reference [9]). It is necessary to point out, however, that these assumptions correspond to the
subsequent operating conditions only in very rare cases.

14 © 1SO 2008 — All rights reserved
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Since an accurate registration of all relevant parameters is impossible, the calculation of the surface
temperature is inexact and the surface temperature cannot be warranted. The same restrictions apply to the
warranty of the temperature difference between surface and air, also called excess temperature. Although it
includes the effect of the ambient temperature on the surface temperature, it assumes that the heat transfer
by convection and radiation can be covered by a total heat transfer coefficient whose magnitude it is also
necessary to know (see 4.1.2). However, this condition is generally not fulfilled because the air temperature in
the immediate vicinity of the surface, which determines the convective heat transfer, usually differs from the
temperature of other surfaces with which the insulation surface is in radiative exchange.

4.2.2 Example calculation for the thickness parameter, C’

The thi AL

=y} |9im_ga|]_i
q hse

3,22_}b (|9im_ea|}_1
hse |gse_9a|

In accordance with Figure 9:

C = 2/{MLJ
q hse

:2><0,068(

Result: d = 200 mm

Example using Equation (49): Set heat flux, ¢

8, =300 °C 2 = 0,068 W/(m-K)
6,=20°C D=0,324m
hee =57 W/(m2K) g=63W/m?

|300-20| 1
63 57

auations (49) and (50):
< \ A A

Example using Equation (50): Set surface
temperature for\dew prevention

G = —20°C 4 =0,039 W/(m-K)
6,=20°C D=0,108 m
h5=54W/(Mm2K) ¢=85%

In accordance with Table 4:
|0y — 6,1 =10, — 0, =2,6K

C' = ZJ(M1]

hse |Hse _Ha|
_ 2x0,039 [|—20—20| 1] ~0,208 m
5.4 2,6

Result: d = 70 mm

© 1SO 2008 — All rights reserved
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20
Figure 9 — Determination of insulating layer thickness for a pipe

10

0

10
thickness parameter, expressed in metres
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The equations for the thickness parameter C' are derived from Equations (35) and (37) by elementary
transformations. Equation (49) enables the calculation of the necessary insulation thickness for a given linear
density of heat flow rate, whereas Equation (50) enables the calculation of the required insulation thickness for
a given temperature difference between the pipe surface (with insulation) and the ambient temperature.

In both cases, /¢ is assumed or calculated (see Clause C.7).

4.3

Prevention of surface condensation

Surface condensation depends not only on the parameters affecting the surface temperature but also on the
relative humidity of the surrounding air, which very often cannot be stated accurately by the customer. The

highe
of su
calcu
nece
temp
the s

late the necessary insulation thickness to prevent dew formation on pipes. Using,'"Equa
5sary insulation thickness to prevent dew formation can be obtained by iterative techniques
rature difference, expressed in K, between surface and the ambient air for different relative
art of dew formation is given in Table 4.

©I1SO

2008 — Al rights reserved

r the relative humidity, the more the fluctuations of humidity or of surface temperatures increase the risk
face condensation. Unless other data are available, it is necessary to make assumptions as|in Table 3 to

ion (48), the
The allowed
humidities at
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Table 3 — Insulation thickness required to prevent dew formation for refrigerant pipes

Ext. Relative air humidity 80 %

pipe Temperature of the medium

o °C

mm +15(+10| +5 | 0 | -5 [-10|-15|-20|-25|-30 | -35 |40 | -45 | -50 | -55 | —60 | —65 | 70 | -75
17,2
21,3
26,9
33,7 15 25 30 40 50 65
38
42,4
48,3
60,3 80
70
76,1
82,5
88,9 920
95
101,6
108
114,3
121
127 100
133
139,7
159
177,8
193,7
219,1
2445
273
298,5 120
318
323,9
355,6 15 25 |~30-] 40 50 65 80
406,4
419 920
470
508 100
558,8
609,6 120
711,2
812,2 140
914,4
1016

o0

The following values are assumed:

— thermal conductivity of the insulation at & = 10 °C, 4 = 0,04 W/(m-K);

— thermal conductivity of the insulation at 8 =-100 °C, 4 = 0,033 W/(m-K);
— ambient air temperature of 20 °C;

— =6 WI/(m?K).

18 © ISO 2008 — All rights reserved
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of different diameters and different temperatures at different relative humidities of the ambient air

Relative air humidity 85 %

Temperature of the medium
°C

+15

+10| +5 | 0 | -5 |-10|-15|-20|-25|-30|-35|-40|-45|-50

Ext.
pipe
(7]
mm

17,2

21,3

80

26,9

33,7

38

42,4

48,3

60,3

70

25

76,1

82,5

50

88,9

95

101,6

108

114,3

121

90

127

133

139,7

25

159

30

120

177,8

193,7

40

219,1

2445

273

298,5

318

323,9

355,6

406,4

419

470

508

558,8

90 100 120

609,6

711,2

812,2

914,4

1016

The following values are assumed:

thermal conductivity of the insulation at 8 = 10 °C, 1 = 0,04 W/(m-K);
thermal conductivity of the insulation at & =-100 °C, 1 = 0,033 W/(m-K);
ambient air temperature of 20 °C;

hy, =6 W/(m?K).

© 1SO 2008 — All rights reserved
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Table 4 — The allowed temperature difference in kelvin (K) between surface and ambient air for
different relative humidities at the onset of dew formation

Ambient air Relative air humidity
temperature %
c 30 | 35 | 40 | 45 | 50 | 55 | 60 | 65 | 70 | 75 | 80 | 85 | 90 | 95
-20 — 10,4 | 91 8,0 7,9 6,0 5,2 4,5 3,7 29 2,3 1,7 1,1 0,5
-15 12,3 |1 10,8 | 9,6 8,3 7,3 6,4 5,4 4,6 3,8 3.1 2,5 1,8 1,2 0,6
-10 129 | 11,3 [ 9,9 8,7 7,6 6,6 5,7 4,8 3,9 3,2 25 1,8 1,2 0,6
-5 13,4 | 11,7 [ 10,3 | 9,0 7,9 6,8 5,8 5,0 4,1 3,3 2,6 1,9 1,2 0,6
0 13,9 | 12,2 | 10,7 | 9,3 8,1 71 6,0 5,1 4,2 3,5 2,7 1,9 N3 0,7
2 14,3 | 126 | 11,0 | 9,7 8,5 7,4 6,4 5,4 4,6 3,8 3,0 22 1,5 0,7
4 14,7 | 13,0 | 11,4 | 101 8,9 7,7 6,7 5,8 4,9 4,0 3.1 273 1,5 0,7
6 15,1 | 134 [ 11,8 | 10,4 | 9,2 8,1 7,0 6,1 5,1 4,1 3.2 2,3 1,5 0,7
8 156 | 13,8 | 12,2 | 10,8 | 9,6 8,4 7,3 6,2 51 4,2 3,2 23 1,5 0,8
10 16,0 | 14,2 | 12,6 | 11,2 [ 10,0 | 8,6 7,4 6,3 5,2 4,2 3,3 2,4 1,6 0,8
12 16,5 | 146 | 13,0 | 11,6 | 10,1 | 8,8 7,5 6,3 5,3 4,3 3,3 24 1,6 0,8
14 16,9 | 151 | 134 | 11,7 [ 10,3 | 8,9 7,6 6,5 5,4 43 3,4 2,5 1,6 0,8
16 17,4 | 15,5 | 13,6 | 11,9 [ 10,4 | 9,0 7,8 6,6 5,4 4.4 3,5 2,5 1,7 0,8
18 17,8 | 15,7 | 13,8 | 121 [ 10,6 | 9,2 7,9 6,7 5,6 4,5 3,5 2,6 1,7 0,8
20 18,1 | 159 | 14,0 | 12,3 | 10,7 | 9,3 810 6,8 5,6 4,6 3,6 2,6 1,7 0,8
22 18,4 | 16,1 | 14,2 | 125 ( 10,9 | 9,5 8,1 6,9 5,7 4,7 3,6 2,6 1,7 0,8
24 186 | 16,4 | 144 | 126 | 111 9.6 8,2 7,0 5,8 4,7 3,7 2,7 1,8 0,8
26 18,9 | 16,6 | 14,7 | 128 | 112 |~ 9,7 8,4 71 59 4.8 3,7 2,7 1,8 0,9
28 19,2 | 16,9 | 14,9 | 13,0 (11,4 | 9,9 8,5 7,2 6,0 4,9 3,8 2,8 1,8 0,9
30 19,5 | 171 [ 15,1 | 132/ 11,6 | 10,1 | 8,6 7,3 6,1 5,0 3,8 2,8 1,8 0,9
35 20,2 | 17,7 | 15,7(|\13,7 | 12,0 | 10,4 | 9,0 7,6 6,3 5,1 4,0 29 1,9 0,9
40 209 | 184 | 46,4 | 142 | 124 | 10,8 | 9,3 7,9 6,5 5,3 4.1 3,0 2,0 1,0
45 21,6 | 19,0n)16,7 | 14,7 | 12,8 | 11,2 | 9,6 8,1 6,8 5,5 4,3 3.1 2,1 1,0
50 22,3 1197 | 17,3 | 152 [ 13,3 | 11,6 | 9,9 8,4 7,0 5,7 4.4 3,2 2,1 1,0
EXAMPLE At an ambient temperature of 20 °C and 70 % relative humidity, the allowed surface temperature is
20°C-6,6°C=14,4"°C.
4.4 Determination of total heat flow rate for plane walls, pipes and spheres
The total heat flow rate of a plane wall is given by Equation (51):
D1 =Ut A(Om - 6;) (51)
The total heat flow rate of a pipe is given by Equation (52):
@1 =U7l(0m —0a) (52)

20
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The total heat flow rate of a sphere is given by Equation (53):

Dr=U (Oim—0a) (53)

5 Calculation of the temperature change in pipes, vessels and containers

5.1 Longitudinal temperature change in a pipe

To obtain an accurate value of the longitudinal temperature change in a pipe with a flowing medium, i.e. liquid
or gak, Equations (54) and (55) apply:

6, — 63l = 10, — 05l €71 (54)
wherg
_ UT,.|><3,6 (55)
mcp
D is the final temperature of the medium, expressed in degreés Celsius;
b is the initial temperature of the medium, expressed in:degrees Celsius;

D, is the ambient temperature, expressed in degrees Celsius;

q is the specific heat capacity at constant pressure of the flowing medium, expressed in kilojoules per
kilogram kelvin;

m is the mass flow rate of the flowing medium, expressed in kilograms per hour;
A is the length of the pipe, expressed in metres;
U 1 is the total linear thermatktransmittance, expressed in watts per metre kelvin.

Equiions (54) and (55) can also be used for ducts with rectangular cross-section if Uy is replaced by Uy
[Equation (38)].

Since, in practice, the~“allowed temperature change is often small, Equation (56) may be [used for an
apprgximate calculation:

D3 :%3,6
G T

mcp

(56)

where
@r, s the total linear heat flow rate, expressed in watts;
A6 s the longitudinal temperature change, expressed in kelvin.

Equation (56) yields results of sufficient accuracy only for relatively short pipes and a relatively small
temperature change [A6 < 0,06 x (8, — 0,)]-
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5.2 Temperature change and cooling times in pipes, vessels and containers

The cooling time, ¢, for the temperature drop, expressed in hours, is calculated by Equation (57):

(6 —0a) mc, |nM
. (Ofm —0a) (57)
v =
CDT ><3,6
where
@1 is given by Equation (51) for plane walls, by Equation (52) for pipes and by Equation (53) for
sphgres;
m is the mass of contents, expressed in kilograms;
¢, s the specific heat capacity of the medium, expressed in kilojoules per kilogram kelvin.
Accurate calculation of the time-dependent temperature change is performed according to 5.1, psing
Equations (5#) and (55) and replacing / by ¢t and a by « as given by Equation (58):
a,:ﬁAx&G (58)
Vle
The approximate time-dependent temperature drop can be calculated by Equation (59):
ro="2 1436 (59)
m
P
NOTE In|calculating the cooling time, it is assumed that no.heat is absorbed by the media during cooling. The cpoling

time obtained
purposes). FQ
Equation (57)

on this basis is the fastest, which means there is a safety factor built into the calculation (for ¢
r small containers, the heat capacity of .the“container itself can be taken into account by includ
B term analogous to that in Equation (60),

esign
ng in

6 Calculption of cooling and freezing times of stationary liquids
6.1 Calculation of the cooling-time for a given thickness of insulation to prevent the

freezipg of water in a pipe
It is not possible to prevent the*freezing of a liquid in a pipe, although insulated, over an arbitrarily long geriod
of time if the fambient temperature is below the freezing point of the liquid.
As soon as the liquid'(hermally water) in the pipe is stationary, the process of cooling starts. The heat flow rate,
&+, of a statipnarytliquid is determined by the temperature difference, the properties of the thermal insujation
as well as the-pipe geometry. In addition, the energy stored in the liquid, m,, ¢, and in the pipe material,
My Cppr @S W i i i i nt. If
My Cppy K My, €y, then my ¢, may be neglected.

The time unt

(Gin — 03)(my, Cyw + My cpp) In

il freezing starts is calculated using Equation (60):

(eim - Ha)
(Hfm - 93)

fwp =

where

@T X3,6

&1 is the total heat flow rate, expressed in watts;

4

im

22

is the initial medium temperature, expressed in degrees Celsius;

(60)
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O¢y is the final medium temperature, expressed in degrees Celsius;

[

,, is the ambient temperature, expressed in degrees Celsius;

¢, is the specific heat capacity, expressed in kilojoules per kilogram kelvin;

p

m,, is the mass of water, expressed in kilograms;

m

b is the mass of the pipe, expressed in kilograms.

In practice, for the calculation of @+, the exterior thermal surface resistance should be neglected for insulated

pipes

Ifac
the ¢
uning

An a

The 1
the li

The

thickmesses at different ambient temperatures to aveid freezing of the water in the pipe is shown i

EXAN
of —1(

bmparison is made between uninsulated and insulated pipes, neglecting thermal bridges,.th
urface coefficient of the uninsulated pipe shall be taken into consideration. The heat flo
ulated pipe is given by Equation (61):

Pr = hse (O — O5) ©Dg

pproximation of the cooling time is given by Equation (62):

~ (myy, Cpw T Mp cpp)(ﬁim - 6im)
we @7 x3,6

me until freezing starts is calculated by using the procedure above with 6;,, equal to the fre
uid.

maximum allowed cooling time of water in pipes of different diameter and with differe

PLE For a given pipe diameter of 300, mm with an insulation thickness of 60 mm and an ambie
°C, the maximum allowed cooling time is@0 h.

b influence of
v rate of the

(61)

(62)
pzing point of
nt insulation

h Figure 10.

Nt temperature

©I1SO
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NOTE THe data are for an initial temperature 6=5°C, wind speed v=5m/s, 1=0,040W/(mK

he = 20 W/(m3K).

Figure 10 — Determination-of cooling times from 5 °C to 0 °C

6.2 Calcullation of the freezing time of water in a pipe

60t

and

The freezing|time, #,, is dependent on the density of heat flow rate and the diameter of the pipe neglgcting

thermal briddes. It is given by Equation (63):

2
_ f [ Pice T Djg Al
10( d)T,fI’ X3,6X4

(63)

f is the mass fraction of water that is frozen, expressed in percent;
is the interior pipe diameter, expressed in metres;
Ak, is the latent heat of ice formation, equal to 334 kJ/kg;

Pice I8 the density of ice at 0 °C, equal to 920 kg/m3.
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The heat flow rate of freezing, @1 ¢, can be calculated from Equation (64):

(-6
D1y = o (64)
22"

The percentage, f, of water that is frozen shall be chosen according to a requirement, i.e. 25 % (f'= 25).

Alternatively, the cooling time may be taken from Figure 10.

ided that the

To altewfor-the—effec of-the—reduced—cross-section—of-stidestaps—and-fittings,—it-is—recomme
g and freezing times, #,,, and #;, given in 6.1 and this subclause, respectively, be reducedby 25 %.

cooli

7 Determination of the influence of thermal bridges

7.1 | General

The gorrection, AU, to allow for the additional heat transfer due to thermal bridges in an industripl installation
with plane surfaces, shall be calculated using Equation (65):

n m
\Ug =U| D z;+ > z; (65)
= A
wherge

/ is the thermal transmittance of the insulated plane element before correction, calculated| according to
4.14.2;

4 is the correction term for irregulariinsulation-related thermal bridges;
4* is the correction term for installation-related thermal bridges.

The ¢orrection, AUg ), to allow.for the additional heat transfer due to thermal bridges in industrig] installations
with pipes shall be calculatédjusing Equation (66):

n m
\Ug, =U, [Zy,- +Zy,] (66)
2=

wher

W

L. ~1s the linear thermal transmittance of the insulated pipn before correction calculated according to

4.1.4.2

y is the correction term for linear thermal transmittance caused by irregular insulation-related thermal
bridges;

y* is the correction term for linear thermal transmittance caused by installation related to singular points.
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The correction terms, z and z* or y and y*, depend on the size of the heat flow rate via the thermal bridge and
the frequency of occurrence of the thermal bridges in the industrial installation. They shall, therefore, be
specially determined as required for each industrial installation in accordance with 7.2 and 7.3, and identified
separately as

— irregular insulation-related thermal bridges (z or y), or
— installation-related thermal bridges (z* or y*).

The correction, AUg ¢y, to allow for the additional heat transfer due to thermal bridges in an industrial
installation with hollow spheres, shall be calculated in accordance with ISO 10211.

7.2 Calculation of correction terms for plane surfaces

The thermal| transmittance, Ug, of thermal bridges should be calculated in accordance with")[SO 1p211.
Alternatively| the simplified method given in Annex B may be used. The thermal bridges can- result| from
irregular insylation or from the geometrical characteristics of the installation (see Annex B).

If the therma] transmittance for the thermal bridge is known, the correction terms, z orz*, 'shall be determined
from Equatiops (67) and (68):

-Usfs (67)
U 4
2% = ﬁA_Bn (68)
ul4
where

Ug is the thermal transmittance of the thermal bridge; expressed in watts per square metre kelvin;
Ag s the area of cross-section of the thermal bridge, expressed in square metres;
n is the number of thermal bridges;

A is tme total heat transfer area of.the plane walls of the industrial installation, expressed in square
mefres.

7.3 Calculation of correction terms for pipes

The thermal| transmittance, .Ug, of thermal bridges shall be calculated by using numerical methods| The
thermal bridges can result:from irregular insulation or from the geometrical characteristics of the installation
(see Annex B).

If the thermal transmittance, Ug, for the thermal bridge is known, the correction terms, y or y* shall be
determined ffom<Equations (69) and (70):

Ugr A4
y= %n (69)
I
y* = %n (70)
I
where

Ug is the thermal transmittance of the thermal bridge, expressed in watts per square metre kelvin;

Ag s the area of cross-section of the thermal bridge, expressed in square metres;
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n is the number of thermal bridges;
[ is the total pipe length, in metres.

Alternatively, if the thermal bridge is characterized by an equivalent length, Al, Equations (71) and (72) apply:

y =A—ln (71)
l
B, (72)

[

Equiyalent lengths, A/, for flanges and armatures and estimated values of z* for pipe suspensiong are given in
Anneix A.

8 Underground pipelines

8.1 | General

Pipeljnes are laid in the ground with or without thermal insulation, either inychannels or directly in the soil.
8.2 | Calculation of heat loss (single line) without channgls
8.2.1] Uninsulated pipe

The heat flow rate per metre, g, g, for a single underground pipe is calculated by Equation (73):

‘IE:M (73)
’ R|+RE

wher

1Y%

), is the medium temperature;

g is the surface temperature of the soil;

R is the linear thermal resistance of the insulation;

Re is the linearthermal resistance of the ground for a pipe laid in homogeneous soil;
e is theadesign thermal conductivity of the ambient soil;

Hg s the distance between the centre of the pipe and the ground surface.

The linear thermal resistance of the ground for an uninsulated pipe, as shown in Figure 11, is given by
Equation (74):

arcosh 2He (74)

R =
E T AE Di

which, for Hg/D; > 2, may be simplified to Equation (75):

1 |n4£

= 75
ZTEZE Di ( )

Re
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GSE
M=TT=TT=ITTI=ITTI=W =TT

Ag

x

gany
\__/

8.2.2 Insul

For undergrg

Equation (76)):

D,

Py

Figure 11 — Underground pipe without insulation

pted pipe

und pipes with insulating layers, as shown in Figure 12, the thermal“resistance is calculat

esE
=== === 1

T

-
-

Py
L

ed by

(76)

NOTE

embedded in a bottoming (e.g. sand) with a square cross-section.

Figure 12 — Underground pipe comprising several concentric layers

The concentric layers can consist of, for example, insulating material and sheathing (e.g. jacket pipe)

The square cross-section of the outer layer with side length, a, is taken into consideration with an equivalent
diameter as given by Equation (77):

D,=1,073xa

28

(77)
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The internal diameter, D;, is identical to Dy (where j = 1). The linear thermal resistance of the ground, R,

becomes, in this case, as given by Equation (78):

2 Hg

Rg = ! arcosh
21 ﬂ‘E

n

which, for Hg/D,, > 2, may be simplified to Equation (79):

1 |n4HE

- 27'CAE D

Re

n

(78)

(79)

8.3 | Other cases

Calculation methods are available for the determination of the heat flow rate and temperaturg field in the

ground for several adjacent pipes, i.e. double lines or laid systems; see References [12]'and [13].

singl
disregarded.

In thI case of commonly used jacket pipes that are laid adjacent to each other, if 14 < A, calgulation as a
pipe is generally sufficient as an initial approach, as heat interchange between the pgipes can be

Simpjified calculation is not permissible for pipes embedded in insulatihg masses without additiongl insulation.
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Annex A
(normative)

Thermal bridges in pipe insulation

The additional heat transfer, represented by AUg, shall be calculated in accordance with 1ISO 10211 for
thermal bridges, such as the following, related to irregular insulation:

— bearing And support structure for pipe coverings, vessels and boilers;
— separatg, spring-mounted web;

— through web made from flat steel or round bar;

— other fix|ngs.

Tabulated vdlues of AUg may be used when existing and relevant.

For installatipn-related thermal bridges, such as flanges, fittings and pipe suspensions, AUy shall be ass¢ssed
by an increase in the pipe length called equivalent length Al

The equivalgnt length, A/, for some common cases is given in Table Al» Table A.1 shows that severe epergy
losses are incurred by not insulating fittings. Normally, they should be’insulated for energy conservation and
safety reasoms. To be on the safe side, use the highest value.
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Table A.1 — Equivalent length for installation-related “thermal bridges”

Equivalent length for given temperatures 2

Flanges for pressure stages PN 25 to PN 100 P rAnl
100 °C 250 °C 450 °C
Uninsulated for | in buildings at DN 50°¢ 3to5 5to 11 9to 15
pipes 20°C DN 100 4107 7 to 16 13t0 16
DN 150 4109 7to 17 17 t0 30
DN 200 5to 11 10 to 26 20 to 37
DN 300 6t0 16 12 to 37 25 to 57
DNZ00 910 16 510 30 B3 to 56
DN 500 10to 16 17 to 36 B7 to 57
in the open air DN 50 7 to 11 9to 16 12 to 19
at0°C DN 100 9to 14 13 t0 23 18 to 28
DN 150 1110 18 14 t0 29 D2 to 37
DN 200 13 t0 24 18 10 38 D7 to 46
DN 300 16 to 32 24 to' 54 B2 to 69
DN 400 22 to 31 28 to 53 14 to 68
DN 500 25 to 32 31t0 52 18 to 69
Insuilated in buildings at DN 50°¢ 0,7t0 1,0 0,7t0 1,0 10to 1,1
20 °C and in the DN 100 0,7t0 1,0 0,8t01,2 1,1t01,4
open airat 0 °C DN 150 0,8 to 141 0,8t01,3 131016
DN 200 0,8.to 1,3 0,9to0 1,4 1,3t01,7
DN 300 0,80 1,4 1,0t0 1,6 1,4 t0 1,9
DN 400 10to 1,4 1,1t01,6 1,6t0 1,9
DN 500 1,1t01,3 1,1t01,6 1,6t0 1,8
Unihsulated for | in buildings at DN 50 9to 15 16 to 29 P7 to 39
pipgs 20°C DN 100 15 to 21 24 to 46 12 to 63
DN.150 110 28 26 to 63 b8 to 90
DN_200 21t0 35 37 t0 82 13 to 108
DN 300 29 to 51 50 to 116 1P6 to 177
DN 400 36 to 60 59 to 136 1P6 to 206
DN 500 4610 76 75 to 170 158 to 267
in the open air DN 50 221024 27 to 34 B5 to 39
at 0 °C onty, for DN 100 33t0 36 42 t0 52 56 to 61
gﬁszss‘”e stage DN 150 39 to 42 50 to 68 /7 to 83
DN 200 51 to 56 68 to 87 98 to 101
DN 300 59 to 75 90 to 125 140 to 160
DN 400 84 to 88 106 to 147 1B5 to 190
DN 500 108 to 114 134 to 182 2p5 to 238
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Table A.1 (continued)

Equivalent length for given temperatures 2

Fittings for pressure stages PN 25 to PN 100 ° rAnl
100 °C 250 °C 450 °C
Insulated for in buildings at DN 50°¢ 4t05 5t06 6to7
pipes 20 °C and in the DN 100 4t05 5t07 6to7
open air at 0 °C DN 150 4106 5t0 8 6109
DN 200 5t07 5t09 7to 10
DN 300 5t09 6to 12 71013
DNZ00 6109 710 12 810 15
DN 500 7 to 11 8to 15 9ta9

Pipe suspensions Supplementary value

5

In buildings 0,15

In the open a|r 0,25

a

b

C

The ranggs given cover the effects of the temperature and of the pressure stages. Flanges and fittings for higher pressure dtages

give higher valjes.

PN is the pominal pressure.

DN is the pominal diameter.
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Annex B
(informative)

Projecting thermal bridges of roughly constant cross-section

B.1 General

A mettal fin of roughly constant cross-section, which may be surrounded by an insulating layer. (s% Figure B.1),
has gt the fin base the temperature, 8y, of the wall and releases heat to the environment attempgrature 6,.

/ 7 .1
/2
.3

—4

K5

/8

—6

|/
|

<
d

Key
1 ppint of measurement of the ambient temperature, .6, éxpressed in degrees Celsius

2 ppint of measurement for calculating the surfage_coefficient of heat transfer, 7, expressed in watts peff square metre
kelvin

3 ppint of measurement of the perimeter, P éxpressed in metres

4 ppint of measurement for calculating the-design thermal conductivity of the insulation, 4, expressed in watts per metre
kelvin

5 cfoss-sectional area of the thermal bridge, Ay, €Xpressed in square metres

6 ppint of measurement for calculating the design thermal conductivity of the thermal bridge material, 4}, expressed in
watts [per metre kelvin

7 ppint of measurement.of the temperature of the thermal bridge base, 8, expressed in degrees Celsius

8 ppint of measurement-for calculating the thermal transmittance on the frontal of the thermal bridge, U], expressed in
watts [per square mefre-Kelvin

9 hpat flow, @r-eXpressed in watts
ly, !gngth ofthe thermal bridge, expressed in metres
Hicknéss of the insulation, expressed in metres

Figure-B-4-—Mountings-{designations}———————————————|

U
—

The thermal transmittance of the thermal bridge, Uy, related to the area of the cross-section, 4y,, of the
thermal bridge is given by Equation (B.1):

Jp k
Uy, ZIL (B.1)
tb
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The dimensionless factor, &, can be calculated from Equation (B.2) or determined by using Figure B.2 after
having calculated the dimensionless parameters B and By, using Equations (B.3) and (B.4):

_ , BsinhB + B¢, cosh B

k=B _ (B.2)
BcoshB + By, sinh B
where
B, -B
coshB=<—"°
2
b —b
sinhB =< —°
2
B =1l I (B.3)
Aip A 1+1
tbAb| 5, TS
Uil
Bra =3 (B4)
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k |

DA

o
o
N

5 1,5 2

The [external “surface coefficient, hg,, can be calculated in accordance with 4.1.3, while
transittance, Uz, on the frontal area can be assessed for each case in Clauses B.2 to B.4.
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Figure B.2 —~Factor % for the calculation of the heat transfer of projecting thermal bridges

the thermal

35


https://standardsiso.com/api/?name=8645c0dd6f0502e95b8b68b2d74a0e44

