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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Methods relating to conduction are direct mathematical derivations from Fourier’s law of heat
conduction, so no significant difference in the formulae 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 formulae have been developed, based
on laboratory data. Different formulae have become popular in different countries, and no exact means

are available to select between these formulae.

d)

)

lau

radiation through transparent media.

he formulae in these methods require for their solution that some system variable
given, assumed or measured. In all cases, the accuracy of the resultssdepends on the
the input variables. This document contains no guidelines for accuraté measurement

rariables. However, it does contain guides that have proven satisfactory for estimating
rariables for many industrial thermal systems.

hen the steady-state calculations are used in a changing thermal environme
¢quipment operating year-round, outdoors, for example), it is necessary to use local
based on yearly averages or yearly extremes of the wedther variables (depending on t
the particular calculation) for the calculations in this document.

In particular, the user should not infer from the methods of this document that eithg
i]uality or avoidance of dew formation €an be reliably assured based on mini

flow surfaces, there is no isothermal state (no one, homogeneous temperature across
ut rather a varying temperature profile. Furthermore, the heat flow through a surface
is a function of several variables that are not directly related to insulation quality. An
hese variables include ambient temperature, movement of the air, roughness and emig
eat flow surface, and the radiation exchange with the surroundings (which often vary
alculation of dew formation, variability of the local humidity is an important factor.

xcept inside buildings, the average temperature of the radiant background seldom
o the air temperatute, and measurement of background temperatures, emissivity aj

ial, thermal-

b of thermal

5 be known,
accuracy of
bf any of the
some of the

nt (process
reather data
he nature of

r insulation
mal, simple

easurements and application of the basic calculation methods given here. For most indlustrial heat

the surface),
at any point
hong others,
sivity of the
widely). For

corresponds
nd exposure

reas is beyond the scope of this document. For these reasons, neither the surface temperature nor

he temperature difference between the surface and the air can be used as a reliable
insulatiompeérformance or avoidance of dew formation.

bes 4 and 5 of this document give the methods used for industrial thermal insulation

indicator of

calculations

not coyvered by more specific standards.

Clauses 6 and 7 of this document are adaptations of the general formula for specific applications of
calculating heat flow, temperature drop, and freezing times in pipes and other vessels. Thermal
insulation to heating/cooling systems such as a boiler and refrigerator are not dealt with by this
document.

Annexes A and B of this document are for information only.
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Thermal insulation for building equipment and industrial
installations — Calculation rules

1 Scope

This document gives rules for the calculation of heat-transfer-related properties of building equipment
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Normative references

ified approach for the calculation of thermal bridges.

following documents are referred to in the text in such a way that somé or all of t
fitutes requirements of this document. For dated references, only(the edition cited
ted references, the latest edition of the referenced document (inclitding any amendme

345, Thermal performance of buildings and building components = Physical quantities an

346, Hygrothermal performance of buildings and building)materials — Physical quanti
fer — Vocabulary

13787, Thermal insulation products for building equipment and industrial inst|
rmination of declared thermal conductivity

3788, Hygrothermal performance of buildingcomponents and building elements — Inte
erature to avoid critical surface humidity and interstitial condensation — Calculation me

23993, Thermal insulation products for building equipment and industrial inst
rmination of design thermal conductivity

[erms, definitions and,Ssymbols

Terms and definitions

he purposes of-this document, the terms and definitions given in ISO 7345, ISO 9344
SO 23993 and-the following apply.

nd IEC maintain terminology databases for use in standardization at the following adg

SOAQrline browsing platform: available at https://www.iso.org/obp

also gives a

heir content
applies. For
hts) applies.
d definitions

ties for mass
nllations —
rnal surface

thods

nllations —

, ISO 13787

Iresses:

3.11

ECEtectropediaavaitabte at ittps//wwwetettropediaorg/

thermally separated end disc
end disc used so that the extremities and end caps are not in contact with the object

Note 1 to entry: This construction is used to avoid thermal bridges and the risk of damaging vapour retarders or
pipe tracing [13],

3.2

Symbols

Table 1 gives the definition and unit of symbols used in this document.

©ISO

2022 - All rights reserved


https://www.iso.org/obp
https://www.electropedia.org/
https://standardsiso.com/api/?name=14b1687b44992c3f29d96a8f20652d47

1SO 12241:2022(E)

Table 1 — Definition and unit of symbol

Symbol Definition Unit

A area m?

A, solar absorption coefficient

a length of a rectangle m

a, temperature factor K3

b width of a rectangle m

C. radiation coefficient W/(m2-K%)
p specificheatcapacityatconstant pressure kg t—
D diameter m Aq‘/l/
d thickness nﬂy'
dp insulation layer thickness of the pipe R N’h} a

F overall conversion factor for thermal conductivity A ('](,l/v

Gr Grashof number r\'\v

H height \CJV m

h surface coefficient of heat transfer (s\\ N W/(m?K)

Js solar radiation A<( W/m?

K thermal bridge coefficient N W/K

L length . \\\\ ) m

l characteristic length 0, m

I insulation box inside length \%\ m

m mass N 0,® kg

m mass flow rate AA\' kg/s
Nu Nusselt number \L\U

P perimeter R ‘\C)\ m

p pressure . ) Pa

Pa water vapour pressu;g@ ) Pa

Pr Prandtl number rp )

q density of heat fl'()yv\?ate W/m? or W/m
R thermal re;i\i@l‘c'e m2-K/W or m-K/W or K/W
Re Reynolg(I;aner

S spacggsf('ie the insulation box

T t@ﬁodynamic temperature K

t  tjtime s

U c.)\ thermal transmittance W/m?K) ‘ZII;/\}/IY/(H’I'K or
w velocity of the air or other fluid m/s

X Bolt length + 20 mm mm

a coefficient of longitudinal temperature drop m'!

a’ coefficient of cooling time st
Ah latent heat ]/ kg

£ emissivity

® heat flow rate W

A thermal conductivity W/(m-K)
Ag declared thermal conductivity W/(m-K)
Ap design thermal conductivity W/(m-K)

© IS0 2022 - All rights reserved
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Table 1 (continued)
Symbol Definition Unit
0 Celsius temperature °C
o, point of measurement of the temperature at the fin base °C
p density kg/m3
0] relative humidity %
o Stefan-Boltzmann constant (see Reference [8]) W/(m2-K%)
1% kinematic viscosity of air or other fluid m2/s
4 difereree
AA equivalent area Aq(' i
v
AL equivalent length qp m
i extra cgnduct1v1ty due to regularly placed components in the b"\ W/(m)-K)
insulation system |
NV
3.3 | Subscripts Q)O
Table¢ 2 gives the definition of subscripts used in this document. 6\\

Table 2 — Definition of s

@pts

A valve QQ\\ interior (internal)
a ambient, A r} initial
hinc anchor ‘\\\" Ka insulation box
av average k@“ 1 linear
B thermal bridge (\Q‘ lab laboratory
cooling N lam laminar flow
cv convection r\\b‘ MRT mean radiant temperature
cr critical . pump
cs cross section AQ\ p pipe
d duct ,\J r radiation
E soil O - ref reference
e exterior (F‘.}&Qnal) S surface
ef effect/i\@)v‘/ sat saturated vapour
en ent%e se exterior surface
ex .&@‘ si interior surface
f . v)fluid sph spherical
f&_)\ frontal of the fin sq per square
fas fastener T total
FEM Finite Element Method tb insulation related thermal bridge
fi final tur turbulent flow
fin fin vertical
fl flange \ vessel
forced  forced w wall
fr freezing w water
free free wp start freezing
H horizontal
©1S0 2022 - All rights reserved 3
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4 Calculation rules and formulae of heat transfer

4.1 Fundamental formulae for heat transfer

4.1.1 Gen

eral

The formulae given in Clause 4 apply only to the case of heat transfer in steady state, i.e. to the case
where temperatures remain constant in time at any point of the medium considered. The design
thermal conductivity is temperature-dependent; see Figure 1, dashed line. However, in this document,

the design value for the mean temperature for each layer shall be used.

4.1.2 Thermal conduction

Thermal copduction normally describes molecular heat transfer in solids, liquids, and gases’under the

effect of a te

It is assume
temperatursg

The density
q=Ap -

For a single

— )’D

q

or

i [ Ose.
R

mperature gradient.

P is constant in planes perpendicular to it.

16
x
layer, Formulae (2), (3) and (4) are given:

[Gsi - Ose )

s the thickness of the plane wall, expressed in m;

of heat flow rate, g, for a plane wall in the x-direction is given byormula (1):

d in the calculation that a temperature gradient exists in one direction only and that the

M

(2)

(3)

(4)

s the desigh thermal conductivity of the insulation product or system, expressed in W/(in-K);

D

se

=

is the temperature of the internal surface, expressed in °C;
is the temperature of the external surface, expressed in °C;

is the thermal resistance of the wall, expressed in m2-K/W.

© IS0 2022 - All rights reserved
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d
a) Temperature distributionina b) Thermal conductivity as funftion of the
single-layer temperature
NOTH The dashed curve in Figure 1a), represents the temperatdire variation in a wall, conjsidering that

the thermal conductivity depends on the temperature, such as the dashed curve in Figure 1b). In|case that the
therral conductivity is considered as temperature-independent (the solid line in Figure 1b), the vdriation of the
tempprature inside a wall is represented by the straight line in Figure 1a).

Figure 1 — Temperature distribution

For g4 multi-layer wall (see Figure 2), q is calculated according to Formula (3), where R is|the thermal
resisttance of the multi-layer wall, as given in‘Formula (5):

n dJ
R=Y (5)
=170
q
A Ap Ansa A3 A2 A
7§ 7 Hsi
/ 64
8,
Hn—Z
Hn—1
NN %
P B dy | 9 |, o

Figure 2 — Temperature distribution in a multi-layer wall

© IS0 2022 - All rights reserved 5
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The linear density of heat flow rate, g;, of a single-layer hollow cylinder (see Figure 3) is given in

Formula (6):

esi _ese
qQ=——"" (6)
R,

where R, is the linear thermal resistance of a single-layer hollow cylinder [m-K/W], as given in

Formula (7):

Rl = ] (7)

D, is tIe outer diameter of the layer, expressed in m;

is the inner diameter of the layer, expressed in m.

a) Temperature distribution in\a sin- b) Frontview of a hollow cylinder
gle layer-hollow cylinder

Figure 3 — Temperature distribution in a single-layer hollow cylinder

For a multiflayer hollow/eylinder (see Figure 4), the linear density of heat flow rate, g, is given in

Formula (6){ where Rris’given by Formula (8)

1% 1 Dej}
Ri=-— Y2 8
1724 ().,,, D, (8)

6 © IS0 2022 - All rights reserved
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Figure 4 — Temperature distribution in a multi-layer hollow cylinder

For qurved surfaces with a diameter larger than 1 200 mm, it is recommended to use foymulae for a
plang wall.

The heat flow rate of a sphere, ®,,;,, of a single-layer hollow sphere (seg.Figure 5) is given by Formula (9):

0, -0,
Popn =~ 9)
Rsph
whete R, is the thermal resistance of a single-layer hollow sphere [K/W], as given in Forrhula (10):
1 1 1
Ropn =5———| —-=—~ (10)
2-m-Ap |\ D; D,

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

For a multi-layer hollow sphere (see Figure 6), the heat flow rate of a sphere, @, is given in Formula (9),
where Ry, is given by Formula (11):

1 — 1 1 1
Royp=—-) — | — —— 11
Sph 2T ZAD (Dj—l D j ( )

©1S0 2022 - All rights reserved 7
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where
D =D

n

The linear d
Figure 7) is
q1==§2—

The linear
calculated b

Rl:ﬂ/_
D

16
R

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

ensity of heat flow rate, g, through the wall of a duct with rectangular cross-section

civen by Formula (12):

S€

1

hermal resistane® of a duct, R} [m-K/W], of the wall of such a duct can be approxim)|

y Formula (13):
2-d
(PP

(see

(12)

ately

(13)

where

d isthe thickness of the insulating layer, expressed in m;

P; isthe inner perimeter of the duct, expressed in m;
P, isthe external perimeter of the duct, expressed in m, as given in Formula (14):
P, =P, +(8-d)

(14)

© IS0 2022 - All rights reserved
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|
|
|
|
)
i)

Figure 7 — Temperature distribution in a wall of a duct with rectangular.cross-§ection
with temperature-dependent thermal conductivity

4.1.3 Surface coefficient of heat transfer

In ggneral, the radiative and convective heat transfer at the surfacé«area given by Formulae (15) and
(16) pccurs at the surface:

q; =h, (61 —Oyrr) (15)

=hg, '(91 -0, ) (16)

where

is the density of radiative heat flow, expressed in W/m?;
is the density of convectiyeheat flow, expressed in W/m?;
is the radiative part of.the surface coefficient of heat transfer, expressed in W/(m?-K);
ov is the convectivepart of the surface coefficient of heat transfer, expressed in Wy(m?2-K);
D, is the surface-témperature of surface 1, expressed in °C;

DvrT 1S the nieéan radiant temperature of the surrounding, expressed in °C;

) isthé ambient air temperature, expressed in °C.

a

NOTE 1 , ‘his dependent on the temperature and the emissivity of the surface. Emissivity is defindd as the ratio
betwegen the radiation coefficient of the surface and the black body radiation constant (see ISO 9282|5).

NOTE2  h, is, 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.

The combined surface heat transfer can be given by Formula (17):

q:qr+qcvzhr'(91_OMRT)+hCV'(01_9a) (17)

When the mean radiant temperature is almost equal to the ambient air temperature, the combined heat
transfer at the surface is given by Formula (18):

q:hr '(91 _ea )+hcv '(91 _ea)z(hr +hcv)'(91 _ea)zhse '(ese _Oa) (18)

©1S0 2022 - All rights reserved 9
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where
hg, is the external surface coefficient of heat transfer, expressed in W/(m?K);
0. is the external surface temperature, expressed in °C.

In 4.1.4 and 4.1.5, the coefficient hy, = h,. + h_, is used to calculate the external surface resistance, R,
and thermal transmittance, U, hence the approximation, mean radiant temperature equals the ambient
temperature, is considered.

NOTE3  When a surface receives the solar radiation (e.g outdoor pipes, tank roofs), the total heat flow due to
i avective heat transferiscaleulated usinethe followine Eormula19)
radiant and cenveetive heattransferiscalelated using the following = -

A -]
q=4q; +4.y zhse '[Ose _ea - ;1 . ) (19)
se

where

Jo s tIe solar radiation, expressed in (W/m?);

A, s the absorption coefficient of solar radiation.

4.1.3.1 Radiative part of surface coefficient, h,.

The radiative part of surface coefficient between two surfaces at-different temperatures, h,, is given by

Formula (2():
h.=a.-C. (20)

where

a

. s tIe temperature factor, expressedinK>;

C

r

is the radiation coefficient, expressed in W/(m?2-K#), as given by Formula (23).

The temperature factor, a,, is given py-Formula (21):

_Gqn

21
17, (21)

ar

where

T, isthe absolute temperature of surface 1, expressed in K;

T, isthéabsolute temperature of surface 2, expressed in K.

Formula (21) can be approximated as follows.

3
T, +T
arz4.[%) =4.T3 (22)

where T, is the arithmetic mean of the temperatures T; and T,, expressed in (K).

NOTE This approximation is only valid up to 200 K temperature difference between the component (surface
1) and the surroundings (surface 2).

When a component is surrounded by different surfaces at different temperatures, the temperature T,
should be the mean radiant temperature of the surroundings.

10 © IS0 2022 - All rights reserved
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The radiation coefficient, C, is given by Formula (23):
C.=¢-0 (23)
where

o is the Stefan-Boltzmann constant [5,67x1078 W/(m?2-K%)];

€ is the effective emissivity consisted of emissivity &;, €, and configuration factor as shown in

Figure 8.
€, Ty, Ay €2, T2, Ay 2
&y, Tz, AZ
1
1 2
a) Open system b) Closed system

Key
1 issurface 1;
2  is surface 2.

Figure 8 —Radiation exchange between two surfaces [8]

When the mean radiant temperature is considered, the surface 2 is assumed as black (j¢; =1), and
Usually, the surrounding surface consists of several surfaces, each of them has generally different

temperature, emissivity, and configuration factor. Here, we assume (approximate) that the gurrounding
surfdce has hypethetical uniform temperature T, and emissivity &,.

Tabl¢ 3 gives some general values of emissivity for different surfaces. The emissivity yalue varies
signi|ficantly depending on external agents, e.g. dust, corrosion, surface finish.

Table 3 — Emissivity values

Surface £
Aluminium, bright rolled 0,05
Aluminium, oxidized 0,13
Galvanized sheet metal, blank 0,26
Galvanized sheet metal, dusty 0,44
Austenitic steel 0,15
Aluminium-zinc sheet, lightly oxidized 0,18
Non-metallic surfaces 0,94

For more detailed information about surfaces emissivity refer to the VDI 2055 [8],

©1S0 2022 - All rights reserved 11


https://standardsiso.com/api/?name=14b1687b44992c3f29d96a8f20652d47

ISO 12241:

2022(E)

4.1.3.2 Convective part of surface coefficient, h,

4.1.3.2.1 General

Formulae for the convective part have been taken froml€l. B.1 shows examples of the following

calculations

Convection is a heat transport mechanism that occurs in liquids and gases which involves heat flows
in form of internal energy flow by a mass movement. The concept of free or natural convection is used
if the movement is caused by buoyancy due to temperature or concentration difference, while forced

convection i

s caused by external forces like the wind or a fan.

For convect
coefficients
boilers) and

NOTE1 Inf

of the mediuin.

In order to
numbers af
conductivity
the interfac

Gf :0,5

The Nussel]
layer and th

1

on, it is necessary to make a distinction between the internal, h;, and external, hyg su
h; is defined from the point of view of the confined medium (e.g. inside pipes; Ve
hg. is defined from the surrounding medium.

most cases, h

, hg;can be very large and so the inner surface temperature nearly equalsthe temper

describe the convection, experimental methods and their corrgsponding dimensio
e used. The dimensionless numbers involve some fluid préperties, such as the
i, density, viscosity, and heat capacity, which are determined at the mean temperaty

e boundary layer by Formula (24):
(656 +9a)

number, Nu, which describes the relation betweéen the convective heat transfer of a
e conductive part within the fluid, is given by.Fermula (25):

NOTE2 T
application c
on a wall.

EXAMPLE
length is the

e convective part of the sutface coefficient, expressed in W/(m?2-K);
e characteristic length, expressed in m;
e thermal conductivity of the air or other fluid, expressed in W/(m-K).

e characteristiclength [ corresponds to a body dimension, which varies according to the sp
se. It can bethe diameter of a pipe or the length from the leading edge in the direction of thg

Eér'\the determination of the Nusselt number for crossflow over cylinders, the characte
treamwise length, as shown in Figure 9:

rface
ssels,

ature

nless
rmal
re of

(24)

fluid

(25)

lecific
flow

ristic

12
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{ ________ +

[=0,5-n-D

Figure 9 — Characteristic length for the determination of Nusselt number for cross-flow over a
cylinder [16]

Consjider the proper characteristic length in each case, see Table 4; characteristic length, I. For any other
case$ the characteristic length can be approximated by Formula{26):

== (26)

where

4l isthe area, expressed in m?;
P isthe perimeter, expressed in m,

The Grashof number, Gr, is the ratio of the buoyancy force to the viscosity force within the fluid. It must
be ngted that the Gris the most important dimensionless number to describe the free convdction, and is

given by Formula (27):

3
gr=9-L 1291 (27)
Ve - Tf
Te =67 +27315 (28)
where
4 is the acceleration of gravity, expressed in m/s?;

|A@| is the absolute value of temperature difference between surface and ambient air or fluid, ex-
pressed in °C;

Vi is the kinematic viscosity of the air or other fluid, expressed in m?/s;
T; is the temperature of the air or other fluid, expressed in K.

The Prandtl number, Pr, is the ratio of the momentum diffusivity to thermal diffusivity, i.e. the Pr
describes the relation between the flow field and the temperature field. It is given by Formula (29):

_ pf .vf .Cpf

Z

r

(29)

©1S0 2022 - All rights reserved 13


https://standardsiso.com/api/?name=14b1687b44992c3f29d96a8f20652d47

ISO 12241:

where

Ps
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is the density of the air or other fluid, expressed in kg/m3;

cpe is the specific heat capacity of the air or other fluid, expressed in J/(kg-K);

Ag
NOTE 3

is the thermal conductivity of the air or other fluid, expressed in W/(m-K).

The Prandtl number depends only on fluid properties according to their temperature and pressure.

The Reynolds number, Re, specifies the relation between the inertia force and the friction force within

the fluid, an

isgiven bv Formula (30)
[=] 4

w
Re=—1
Vi

where, wgis

The numeri
mode, or it
critical Rey}
turbulent. T

For parallel

-1

the velocity of the air or other fluid, expressed in (m/s).

Cal value of Re is the crucial criterium to decide whether a flow remains in a stable lan
may undergo a transition to turbulent flow: For the fluid flow inside a circular pip4g
nolds number is Re.. = 2 300. For Re < Re_,. the flow is laminar, for Re > Re_,. it can be

flow over a flat plate, the characteristic length I is the length in flow direction, meas

from the leading edge. The critical Reynolds number for this flow is\about Re,. = 5-10°.

In case of dn

These formy

y air at standard pressure, Formulae (31), (32), and;(33) shall be applied.

ilae are only valid for air as a fluid and for the given range of temperature.

Thermal conductivity of the air in W/(m-K), is given by~Formula (31):

ﬂ«f :0,0

where O+ id

Kinematic v|

4,2
Ve =

— =2
P4 3+7,842 1.107° -0 —2,075 5.105% -0¢

between -170 °C and 1 000.2€.
iscosity of the air in m2/s,is given by Formula (32):

1131077 .7,%°

where O+ id

112+T;

between<50 °C and 100 °C.

Density of the airtizikg/m3, is given by Formula (33):

348

he characteristic length /in this case is usually taken as the inner diameter of the tube,.

(30)

hinar
, the
come

ured

(31)

(32)

35

ps =

Iy

(33)

The specific heat capacity and the Prandtl number of the air in a temperature range of =50 °C to 100 °C
can be expressed as an average value according to Formulae (34) and (35):

c,=1007J/(kg.K)

Pr=0,709

14

(34)

(35)
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4.1.3.2.2 Formulae to determine the convective part of the surface coefficient hg,, and hg;

The Nusselt number shall be determined to calculate the convective part of the surface coefficient,

solving the Formula (25), as follows:

I Nu - A¢

cv l

(36)

When calculating the Nusselt number, a distinction shall be made between the case of external and
internal convection. For the external convection the medium is flowing around the object in question,
see Table 4, and for internal convection a confined medium is considered, see Table 5.

In cdse of a directional mixed convection there is a superposition of free and forced con

heat transfer coefficient can be calculated using Formulae (37) and (38):

For ynidirectional mixed convection:

_3 3 3
Nu= \/Nuforced + Nufree

For rhixed convection in the opposite direction:

—

_ 3 3
Vu = %/‘Nuforced - Nufree

rection. The

(37)

(38)

Tlable 4 — Formulae for the determination of Nusselt number — External convectjon case

Free convection

Nuy,,, =0,592-Re'/?

Range of | Characteristic
Case NusseltNumber validity length, I
g (Wall Nug,. =(0,825+0,306 3-Gr'/® Y 1=K
'E
5 _ 162 0,14 <Gr<1,4
>| |Pipe Nug,., =(0;825+0,306 3-Gr'/°) +0,87-(1/D,)  |.1012 I=K
. fT-D,
Pipe Nitg,o. =(0,752+0,303-Gr1/®)? 1=t c
Laminar

_ Wall: heatdissi- _ 1/5 Gr<2,4-105
g pation onthé top Nfree jam =0,593-Gr
2 (or coeling on the |Turbulent
g bottom) 13 Gr>2,4-105 1o a-b
= Nufree,tur =0,098 8-Gr - D-(a+b)

Wall: heat dissipa-

tiomromr thre bottom — 75 4—t03<6r<s

(or cooling on the Nug,. =0,453-Gr - 1010
top)
Forced convection
Laminar

Turbulent
0,026 2-Re%®
Nug,, = 05
ReO’1

© IS0 2022 - All rights reserved
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Table 4 (continued)

Free convection

Range of | Characteristic

Case Nusselt Number validity length, I

llongitude of the

Wall Nitlgyreq =+ ’Nulzam + Nutzur wallin the direc-

10 <Re < 107 tion of the flow

. D,
Pipe Nugyrced =O,3+\/Nulzam +Nut2ur I= 5 €

Table 5|— Formulae for the determination of Nusselt number — Internal convection,case
‘1 Charaeteridtic
Case Nusselt number Range of validity tength, I
Nugyreeq = 0,021 4-(Re*8® ~100). PrO* 2300 <Re
Flow through cir- and 0,5<Pr<1,5 oD
b Cti — ¥, pipe
cular cross s¢ction Nutgy g =0,012- (Re0'87 ~280). pro4 2300 <Re
and 1,5 < Pr <500
Re- 4 6
Flow thrbugh| Nu, = (£/8)-Re-Pr 104 < Re<10
X orced 2/3 4. A
non-circular|cross 1+12,7-y& /8- (Pr</” —1) and 1=T
section £=(1,8 log(Re)—1,5)2 052<Pr < 1 000
4.1.4 External surface resistance
The reciprogal of the outer surface coefficient, h,, is thé-external surface resistance.
For plane walls, the surface resistance, Ry, is given'by Formula (39):
1
RSe = h—- (39)
S¢
For pipe insplation, the linear surfageresistance, R, ., is given by Formula (40):
1
R =—"F—— 40
Lse hi. -7 D, (40)
For hollow gpheres, the Surface resistance, Ry, ., is given by Formula (41):
Ry o =|— 1)
sphse =7 .2
heott D
4.1.5 Thermal transmittance
The thermal transmittance, U [W/mZ2K], is defined by Formula (42):
q
U= 42
6.0, (42)
where
0, isthe ambientair (or fluid) temperature, expressed in °C;
0; is the internal air temperature for plane walls or the temperature of the medium inside pipes,

ducts and vessels, expressed in °C.
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For plane walls, the thermal transmittance, U, can be calculated by Formula (43):

1

U h

Lo re LR +R+R, =Ry

S€

(43)

For pipe insulation, the linear thermal transmittance, U, [W/m-K], can be calculated by Formula (44):

Uy hg-mD;

1 1

+R + =R +R +R =R 1

h

se e

(44)

For rectangular ducts, the linear thermal transmittance, Uy [W/m-K], can be calculated by Formula (45):

_]1: - h:Pi +Ry + hsel - Rysi+Rg+Ryse =Ryt (45)
For Hollow spheres, the thermal transmittance, Uspn [W/K], is given by Formula.(46):
—— *Rph + =Rgphsi + Rph * Roph,se = Rsph, T (46)
Uon by omDE 0 pmeDE P PR T TPRse TS

In Fg
shall
of th
cons
effec
placs

Com
the t
declg
than

The dlesign thermal conductivity canbecalculated by Formula (47)

whet|

rmulae (5), (8), (11), and (13), R, R, Rsph, and Ry are surface-to-surface thermal resist
be calculated using the design values of thermal conductivity which represent th
e expected application. According to ISO 23993, the design thermal conductivity, A;
deration two factors. The first one is overall conversion factor, F, that takes into ¢
ts like ageing or open joint, among others. The seconid one represents the influence
d into the insulation material as spacers, 4A.

bonents which are regularly placed in the insulating layer such as sub-constructi
hermal performance of the installed insulation material, adding an extra conductivity
red thermal conductivity of the insulation, A, i.e. the design thermal conductivity can
the declared.

LD =Fld+A)u

is the design thermal conductivity, expressed in W/(m-K);
is the'declared thermal conductivity, expressed in W/(m-K);
issoverall conversion factor for thermal conductivity;

AX is the extra conductivity due to regularly placed components in the insulatior

ances. They
e conditions
, takes into
nsideration
of elements

ons, modify
AA, to the
be larger

(47)

system, ex-

prpqqu in V\/,/(m-K)

NOTE

Estimated values for the extra conductivity due to regularly placed components which a

insulation system are given in Annex A.

re part of the

In most cases, hg; can be very large which leads to a very small surface resistance of the flowing media
inside a pipe R),¢;, and therefore it can be neglected. For the external surface coefficient, hy,, formulae
from Table 4 (4.1.3.2.2) apply. For ducts, it is necessary to include the internal surface coefficient. It
can be calculated using the appropriate formulae in Table 5 (4.1.3.2.2) taking into consideration the
velocity of the medium in the duct.

The reciprocal of thermal transmittance, U, is the total thermal resistance, Ry, for plane walls, the total
linear thermal resistance, R, for pipes and R, 1 for hollow sphere.

©1S0 2022 - All rights reserved 17
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4.1.6 Heat flow rate
The heat flow rate is expressed in W.
The heat flow rate of a plane wall is given by Formula (48):
D=U-A(6,-6,) (48)

The heat flow rate of a pipe is given by Formula (49):
@ =U-L(6,-6,) (49)

The heat flow rate of a sphere is given by Formula (50):
®sph = Usph '(ei _ea ) (50)

4.1.7 Temperatures of the layer boundaries

The general|formula for the density of the heat flow rate in a multi-layer wallNis' written in the gepheral
form given by Formulae (51) and (52) (see also Figure 10):

0, -0
q=——1" (51)
Ry
Rt =Rgi[+Ry +Ry +..+ R, +R, (52)
where
R, ..R, are the thermal resistances of the fudividual layers, expressed in (m2-K/W);
R and Ry, arethe surface resistances of the internal and external surfaces, respectively, expr¢ssed
in (m2-K/W).
S g
Hsi / Hi
g ; 6,
2 z§
gn—1
HSE
8,
Rse | Rn | Rn—1 R3 ‘RZ | R | Rsi

Figure 10 — Temperature distribution for a multi-layer plane wall in relation to the surface
resistance and the thermal resistances of layers
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The ratio between the resistance of each layer or the surface resistance with respect to the total
resistance gives a measure of the temperature change across the particular layer or surface, expressed
in °C, as given in Formulae (53) to (56):

R.
6, -6 =—-(6,-6,)

53
R, (53)
R
65 —6; =—--(6,-6,) (54)
Ry
=0, =—=16,-9,] (55)
T
RSC
4. —0,=——-(6,-6,) (56)
Ry
Rrpisjcalculated for plane walls according to Formula (43), for cylindrical pipeSaccording to Fprmula (44),
for r¢ctangular ducts according to Formula (45) and for spherical insulation according to Fprmula (46).
4.2 | Determination of the influence of thermal bridges
4.2.1 General
In irjdustrial installations there are two types of therinal bridges; thermal bridges linked to the
insulation system itself and thermal bridges linked to-the installation. In both cases, they fepresent an
additional heat transfer. Their influence is explained in 4.2.2 and 4.2.3.
4.2.21 Insulation system related thermal bridges
In h¢at transfer calculation, the influence-of insulation related thermal bridges, such a$ spacers or
supplort construction, is taken into censideration using the design thermal conductivity gccording to
4.1.5
4.2.3 Installation related.thermal bridges
Every installation related.thiermal bridge, such as hangers, valves, or other fittings, represgnts an extra
heat|flow. Their influenee on the heat transfer calculation shall be determined individually for each

therinal bridge using the thermal bridge coefficient K according to Formula (57):

whet

Nl

D, =K (60,56, )

e

(57)

K isthe thermal bridge coefficient, expressed in W/K.

tb IS the additional heat tlow rate due to an installation related thermal bridge, expressed inW;

The thermal bridge coefficient can be also expressed as an equivalent area, 44, or length, AL, of the
component where the thermal bridge is placed.

For plane walls, it can be expressed as Formula (58):

K=AA-U

© IS0 2022 - All rights reserved
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AA is the equivalent area, expressed in m?;

U

placed, expressed in W/(m2-K).

For pipes, it

can be expressed as the Formula (59):

is the thermal transmittance of the component where the installation related thermal bridge is

K| =AL-U, (59)
where

AL is the equivalent length, expressed in m;

U, isthe linear thermal transmittance of the pipe where the installation related thérmal bridge is

placed, expressed in W/(m-K).
A.2 (informhtive) provides a calculation methodology of the thermal bridge goefficient, K, for vglves,
flanges, pumps, and insulation boxes.
4.3 Determination of total heat flow rate for plane walls, pipes and spheres
The total heft flow rate is influenced by additional transfer due toinstallation related thermal bridges.
[t is expressed in [W].
The total hept flow rate of a plane wall is given by Formula (60):
n
Dr =U-U-(6;, =6, )+ > Py, ; (60)
=1
where, @, ; is the heat flow rate due to an installation related thermal bridge j, expressed in (W).
The total hept flow rate of a pipe is giventby-Formula (61):
n
D1 =U)-L-(6;, =6, )+ Y Py (61)
=1
The total hept flow rate of a.sphere is given by Formula (62):
n
q)sph,T 7 Usph '(ei 0, ) + Z(Dtb,j (62)

i=1

4.4 Surfacetemperature

Usually, industrial processes involve extreme temperatures, either very high or low. If the related
components are not properly insulated the extreme temperatures can produce contact accidents
or adjacent processes can be affected. For these operational and/or safety reasons, a certain surface
temperature is often specified.

The surface temperature is not only dependent on the design thermal conductivity but also on other
operating and ambient conditions. It can be calculated using Formula (56). The operating and ambient
conditions which determine the surface temperature include:

20

the process medium and its temperature, pressure and mass flow,
the insulation system (which includes the cladding),

the ambient temperature,

© IS0 2022 - All rights res
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the air movement around the surface,
the effect of adjacent radiating bodies (including irradiation from the sun),

Installation and insulation related thermal bridges.

Outdoor environmental conditions for the calculation are measured only in a limited moment and place
since wind, air temperature, solar radiation, and rain always vary. Also, the operating conditions can
vary according to the specific requirements. Every deviation between the used data for the calculation
and the measured conditions leads to a different surface temperature. Therefore, the surface
temperature is not a suitable measure to evaluate the quality of the thermal insulation.

4.5

Prevention of surface condensation

Surfjce condensation depends not only on the parameters affecting the surfaceltemp

also
the

temy

pn the relative humidity of the surrounding air, which very often cannot be.stated a
dqustomer. The higher the relative humidity, the more the fluctuations ef humidity o

insulation thickness to prevent dew formation can be obtained.

The

wherte

If th

Pa
= 6.). 12

fa =Psat (62 ) 75

Psac(0) is the saturated vapor pressure at temperature 6 in °C, expressed in Pa;

P, is the relative humidity of the ambient air, expressed in %.

is vapor pressure is lower than the saturated vapor pressure at the surface on the amb

Psai(®so), the condensation will not occur-Therefore, by using Formulae (56) and (52), For]
obtajned.

o R R
Bsat (ea)'FaOSpsat (ese)’:psat '(ea _R_T'(ea _ei)}zpsat '[ea _Rse"'—IS;*'Rsi.(ea _Oi )]

When ¢, is low and/orthe resistance of insulation R is large, the possibility of condensation

is low.

Yapor pressure of the ambient air p, in Pa at temperature 6, is gien as in Formula (63):

erature but
ccurately by
r of surface

eratures, the risk of surface condensation increases. Using Formula (65) or (66), the necessary

(63)

ient air side,
mula (64) is

(64)

occurrence
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The necessary insulation thickness (necessary thermal resistance R) is given by Formula (65) or

Formula (66),
Rse i (ea _ei)

R2>

0. —

a

or
R>

6. —

a

where pg,. (4
Formula (68

Psat =61

or

Dsat =61

The insulati
the prevent
condensati

NOTE

5 Calcul

5.1 Gene

Temperatur
purposes, 5
bridges. Thd
the significd

Accurate te

237,3.In-Pa_

17,269 —In
6

_ R (6,-6)

(for 6, = 0 °C)

_Rse_Rsi se =
610,5
Pa

)

(65)

Pa
610,5
D1,875—In Pa_
10,5
), is approximated by an exponential function (Tetens formula), given by Formula (6
):

265,5 In

17,2696,

D, 502373t (for 6, > 0 °C)
21,8756,

D, 5 ¢2633+6a (for 6, < 0 °C)

pn thickness that prevents surface condensdtion [Formulae (65) and (66)] does not wa
ion of interstitial condensation in the insulation material. To prevent the interg
, the design of the insulation system shall follow ISO 13788.

1n
An example calculation is given in B.6:

ation of the temperature change in pipes, vessels, and containers

ral

e change and cogling time are dependent on total heat flow rate. However, for simplific
L2 and 5.3 @nly consider the heat flow rate without the influence of installed the

calculated/outputs in theses clauses can have considerable deviations from reality d
nt influence of the installation related thermal bridges.

mperature changes or cooling time shallbe calculated with special programs or met

such as the

(66)

/) or

(67)

(68)

Frant
titial

htion
rmal
ue to

hods

Finite Element Method.

22
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5.2 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 gas, Formulae (69) and (70) apply:

Oex =64 |=10en —0, " (69)
where
o= (70)
P
and

@., is the exit temperature of the medium, expressed in °C;

ex

@, is the entrance temperature of the medium, expressed in °C;

en

@, isthe ambient temperature, expressed in °C;

a

¢, isthe specific heat capacity at constant pressure of the flowing medium, expressed in J/(kg-K);

m  is the mass flow rate of the flowing medium, expressegin kg/s;
1 is the length of the pipe, expressed in m;
U, isthelinear thermal transmittance, expressedin W/(m-K).

Formulae (69) and (70) can also be used for duct§with rectangular cross-section if U, is replaced by Uy

[Formula (45)].

Sincg, in practice, the allowed temperature change is often small, Formula (71) may be|used for an
apprpximate calculation:

D,

m-cp

A6 = (71)

wherte

P, isthe heatflow rate in a pipe, expressed in W;
46 is the longitudinal temperature change, expressed in K.

Formula (71)vields results of sufficient accuracy only for relatively short pipes and a relgtively small
temperature change [46 < 0,06 - (6,,-0,)].

NOTE AT example calculation is given in B.Z.

5.3 Temperature change and cooling times in pipes, vessels, and containers

The cooling time, ¢, for a given temperature drop, expressed in seconds, is calculated by Formula (72):
6. -0
6., -6,) m-g, .1n[(ln—a)]
t = (eﬁ _ea)

v o (72)
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spheres, expressed in W;

is the initial medium temperature, expressed in °C;
is the final medium temperature, expressed in °C;

is the ambient temperature, expressed in °C;

is given by Formula (48) for plane walls, by Formula (49) for pipes and by Formula (50) for

)

The approxi
q

m.

AB

d

NOTE1 C
cooling time

(for design pyrposes). For small containers, the heat capacity of the containeritself can be taken into accoy

including in H

NOTE 2

6 Calcul

NOTE

6.1 Calcu

It is not pos
long period

As soon as t
flow rate in
of the thern
My Cpy a}nd
water to ice

The time unftil freezing starts, t,,, expressed in seconds, is calculated using Formula (74):

S tL £ = H 2 I |
1S e mass-ormeattiy; CAPTCTSSTUTIT RS,

is the specific heat capacity of the medium, expressed in J/(kg-K).

A example calculation is given in B.3.

A example calculation is given in B.4.

ate time-dependent temperature drop can be calculated by Formula (73):

D

L

Iculating the cooling time, it is assumed that no heat is absorbed by the'media during cooling
bbtained on this basis is the shortest, which means there is a safety factor built into the calcu

ormula (72) a term analogous to that in Formula (74).

ation of cooling and freezing times of stationary liquids

lation of the cooling time to preyent the freezing of water in a pipe

Sible to prevent the freezing of-a’liquid in a pipe, even though insulated, over an arbity
pf time if the ambient temperature is below the freezing point of the liquid.

he liquid (normally water) in the pipe stops moving, the process of cooling starts. The|
p pipe, @, of a statioraby liquid is determined by the temperature difference, the propq
hal insulation as well as the pipe geometry. In addition, the energy stored in the li
in the pipe material, m,-c,, , as well as by the freezing enthalpy required to trans

shall be takeninto account. If m,-c,, << my,c,,, then m,-c,, may be neglected.

0, -0

1 a

(73)

. The
ation
nt by

arily

heat
rties
quid,
form

)

y —Oa)-(mW Cpy +M, -cpp)- ln(

O —0,

A\ /

(4
Lyp =
where
@, =U,-
and
U, is
@, s

24

D

(6;0—6,)-L

the linear thermal transmittance given by Formula (44), expressed in W/m-K;

the heat flow rate, expressed in W;

(74)

(75)
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0;, isthe initial medium temperature, expressed in °C;
Oy is the final medium temperature, expressed in °C;
0, is the ambient temperature, expressed in °C;

c is the specific heat capacity of water, expressed in ]/(kg-K);
c is the specific heat capacity of the pipe, expressed in J/(kg-K);

m is the mass of water, expressed in kg;

M, isthe mass of the pipe, expressed in kg.

In prpctice, for the calculation of @, both internal and external surface resistances midybe rjeglected for
insulated pipes.

If a fomparison is made between uninsulated and insulated pipes, neglecting thermal |pridges, the
influence of the surface coefficient of the uninsulated pipe shall be taken-into consideratipn. The heat
flow [rate of the uninsulated pipe is given by Formula (76):

D1=hse'(9in_9a)'ﬂ-'l)e'L (76)

Y

The ppproximation neglecting the internal thermal resistance is generally not allowed in case of
stagmant water.

The time until freezing starts is calculated by using th&procedure above with 6 equal to fthe freezing
point of the liquid.

6.2 | Calculation of the freezing time of water in a pipe

The freezing time in seconds, t;,, is dependent on the heat flow rate and the diameter of thle pipe when
neglecting thermal bridges. It is given-by Formula (77):

2
_ f ) Pice 'n'Di,p 'Ahfr

by = (77)
100 D -4
where
bi is the mass fraction of water that is frozen, expressed in %;
b;, istheinterior pipe diameter, expressed in m;
Ahg¢ Sthe latent heat of ice formation, equal to 334 000 J/kg;
ictho dancityy AfFi1on S+ N O Ao 140 02N 15/
1ce IO LIIC U\/IIOIL] vlricoe alt'vu A7) \.«\1““1 U oYU 1\6/ I1r
The heat flow rate of freezing, @ ¢, can be calculated from Formula (78):
n-(0-6
D ;= _™(0-6,) L (78)
’ 1D,
In=¢

The percentage, f, of water that is frozen shall be chosen according to a requirement, i.e. 25 % (f = 25).
8]

To allow for the effect of the reduced cross-section of slides, taps and fittings, it is recommended that
the cooling and freezing times, ¢, and tg, given in 6.1 and this subclause, respectively, be reduced by
25 %.
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7 Calculation of heat loss for underground pipelines

7.1 General

Pipelines are laid in the ground with or without thermal insulation, either in channels or directly in the

soil.

NOTE

An example calculation is given in B.5.

7.2 Single line without channels

The heat flow rate per metre, q, g, for a single underground pipe is calculated by Formula (79):

e =%_+6;’§ (79)
where

0, i the medium temperature, expressed in °C;

95,}3 ig the surface temperature of the soil, expressed in °C;

R, ig the linear thermal resistance of the pipe, expressed in (m‘K)/W;

Rr  igthe linear thermal resistance of the ground for a pipe’laid in homogeneous soil, expr¢ssed

in (m-K)/W.

7.2.1 Unipsulated pipe
The linear thermal resistance of the ground for andninsulated pipe, as shown in Figure 11, is giv¢én by
Formula (80Q):

Rg =ziTE~arcosh I_IIE (80)
where

Ag is the design thermal'€onductivity of the ambient soil, expressed in W/(m-K);

Hg is tIe distance between the centre of the pipe and the ground surface, expressed in m.
For Hy/D; > ,5, it mdy be simplified to Formula (81):

e zz-nl-/'tp ln4;E .

26
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Ag

L
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7.2.2

For
calcu

NOT]H
embe

Insulated pipe

1=5 Pl

2T A D.

1 «f 1 1nDeJ
j=1\ " 1j

|

Figure 11 — Underground pipe without insulation

A
Y

inderground pipes with insulating layers, as shown in Figure 12, the thermal resistance is

lated by Formula (82):

(82)

OSE

Hg

Figure 12 — Underground pipe comprising several concentric layers

D,

Dy
D,
a

The conCentric layers can consist of, for example, insulating material and sheathing (e.g. jacket pipe)
dded in a bottoming (e.g. sand) with a square cross-section.

©ISO
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The square cross-section of the outer layer with side length, g, is taken into consideration with an
equivalent diameter, D, as given by Formula (83):

D,=1,073-a (83)

The internal diameter, D, is identical to D, (where j = 1). The linear thermal resistance of the ground,
Rg, becomes, in this case, as given by Formula (84):

2-H
Rg = arcosh——E (84)
2T )'E h
For Hy/D, >|2,5, it may be simplified to Formula (85):
1 4-H
Rg = In—E (85)
221 Dy

7.3 Other cases

Calculation methods are available for the determination of the heat flow raté.and temperature figld in
the ground for several adjacent pipes, i.e. double lines or laid systems; see References [11] and [12]}

In the case [of commonly used jacket pipes that are laid adjacent toteach other, if A; <<A; (4, ip the
thermal cornductivity of the insulation layer) calculation as a singlé<pipe is generally sufficient as an
initial apprqgach, as heat interchange between the pipes can be disregarded.

A simplified| calculation is not permissible for pipes embeddedin insulating masses without additjional
insulation.
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Annex A
(informative)

Thermal bridges

Insulation related thermal bridges

|l General

conductivity, AA. This additional thermal conductivity influences the design thermal
which shall be used in order to calculate thermal transmittances.

NOTH ISO 23993 provides calculation procedures for special insulation systems.

A.1.2 Spacers for sheet metal pipeline jackets

The

additional thermal conductivity depends on severalvariables, like material, dim

ation related thermal bridges are components regularly placed in the insulationlayer,|like spacers
cteners, which modify the thermal performance of installed insulation material by adding an extra

ronductivity

bnsions and

frequency. The following values are approximations and‘can be applied to common insulatiion systems
in thjcknesses from 100 mm to 300 mm.

EXANPLE Additions to thermal conductivity for:

steel spacers A2 =0,010-W/(m-K)
austenitic steel spacers AA =.0,004 W/(m-K)

ceramic spacers AA=0,003 W/(m-K)

A.1.3 Spacers for sheet metal jackets for walls

Steel spacers in the form(of a flat bar increase the thermal conductivity depending on th

e number of

(A1)

spacers per square meter/and their dimensions:
M= N4
whertte
N is the number of spacers per square metre, expressed in 1/m?;
AA, istheadditional thermal conductivity due to spacers per square meter, expressed
(1/m?).
Spacers are defined by the two dimensions of the flat bar cross-section.
EXAMPLE
Type 1, cross section 30 mm by 3 mm AAsq=0,0035 W/(m-K)/(1/m?)
Type 2, cross section 40 mm by 4 mm AAsq=0,0060 W/(m-K))/(1/m?2)
Type 3, cross section 50 mm by 5 mm AAsq=0,008 5 W/(m-K))/(1/m?2)
© IS0 2022 - All rights reserved
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A.1.4 Mechanical fasteners penetrating an insulation layer

Additional 4A to thermal conductivity for fasteners depends on the number of fasteners per square
metre (1/m?) and on their geometry. The total addition is calculated by:

(A.2)

AA=N-Adg
where 4, is the additional conductivity due to fastener, expressed in W/(m-K)/(1/m?)
EXAMPLE
For steel fasteners with diameter 4 mm, Al = 0,000 7 W/(m-K)/(1/m?).
For austenitic steel fasteners with diameter 4 mm, AAg,s = 0,000 5 W/(m-K)/(1/m?).
A.2 Instdllation-related thermal bridges in pipe insulation
A.2.1 General

Formulae fo

A.2.2 Calq

The therma

Kn=/fan
where

fa i

hg. i3

Ap 19

W

For the hed

Ir installation-related thermal bridges have been taken from VDI#610-2:2018 [141,

rulation of thermal bridge coefficient for uninsulated flanges
bridge coefficient for flange pairs K, is calculated as:

'hse 'Aﬂ

the correction factor for flange;
the external heat transfer coefficient, expressed in W/(m?2-K);

the surface area for pair-efiflanges, expressed in m?, as per Formula (A.5) in conne
ith Table A.1.

t transfer coefficient’h,, of uninsulated components, the formulae for turbulent,

convection ijn case of horizontaland vertical pipes as well as for radiation were adapted:

h, =1,

9]

S€

where

3
0. +6
636, -6, |+4~£-0-[%+273,15}

(A.3)

ction

free

(A4)

o is the Stefan-Boltzmann constant (o = 5,67-10-8 W/(m?2-K%)); ¢ is

the effective emissivity of surface, see Table 3;

0.

1

0

a

is the fluid temperature, expressed in °C;

is the ambient temperature, expressed in °C.

The formula is valid for fluid temperatures between -60 °C and 100 °C. Outside this temperature range,
the relations given in this document in 4.1.3 shall be used.

30
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The heat-releasing area A, in m2, results from the pipe outside diameter D, in m (uninsulated pipe
diameter), as:

Ag=ag+a; Dy, +ay D, +az-D, > (A.5)

p

The coefficients for calculating the heat-releasing area A are listed in Table A.1. They are valid for pipe
diameters from 10 mm to 1 200 mm.

Table A.1 — Coefficients for calculating the uninsulated surface areas of flange pairs

a0 at az a3
PN
m?2 m m-1
2,5 0,011 0,881 1,559 -0,753
6 0,006 1,200 0,455 0,182
10 -0,003 1,613 -0,390 1,094
16 -0,017 1,743 0,296 0,639
25 -0,017 1,794 1,268 0471
40 0,000 1,193 4,087 0,000
63 0,002 2,068 1,136 5,393
100 -0,015 3,042 -5,236 25,646
160 0,002 2,092 4,923 3,662
320 -0,007 3,388 4,784 30,713

The heatloss was calculated by means of FEM simulation using the external heat transfer cdefficients as
per Hormula (A.4) and real geometries. From the lieat losses obtained by FEM simulation, thie correction
factqr f;; was calculated using Formula (A.6)

D rEM
- 2n (A.6)
(ei _ea )

Flanges with different internalsheat transfer coefficients were investigated and are represented in
the qorrection factor with tworeference values: 20 W/(m2-K) and 1 000 W/(m2-K). Table |A.2 lists the
factdrs for the uninsulated.flanges.

Table A.2 — Carrxection factor f; for calculating the heat loss from uninsulated flanges

Internal heat trans-
fer coefficient h; Factor f;;
W/(m2K)
1000 1,09 to 5,21:10-4-9,
20 0,644 t01,5.10-3 .9 £51,32.10-6.9.2

If the end disc from the piping insulation system has contact with the pipe, an allowance of 15 % shall
be added to the factor fj.

NOTE Pipes transporting superheated steam or heat transfer oils normally have an internal heat transfer

coefficient from 750 W/(m2:K) to 3 000 W/(m2-K), for flowing air, the heat transfer coefficient is approximately
20 W/(m?2K).

A.2.3 Calculation of thermal bridge coefficient for uninsulated valves

Different types of valves have been grouped in Table A.3, which provides heat loss coefficients,
correction factors as a function of the fluid temperature and the formulae for the heat-releasing surface
of various valves.
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According to Formula (A.3) the heat losses from the thermal bridges can thus be determined based on
thermal bridges coefficient K or K, for valves. The formulae in Table A.3 contain the heat losses from
the protruding elements with hand wheels.

Table A.3 — Determination of thermal bridge coefficients for uninsulated valves

Calculation formulae

Range of validity (DN, nominal diameter
in mm, PN, nominal pressure in bar)

N Type of valve Geometry fy, correction factor;

A,, heat-releasing area, m#;

K,, thermal bridge coefficient, W/K«

DN 15-DN 200; PN = (16(25)

0,43
JA="T 000
Ay =23,2-D% +1,37-D, . +0,071 8

Ky = fp e -Ap +Kg

Manyal blocking valve for
1 indystrial installations
flanged connection

-6, +0,708 6

DN 15-DN 200; PN = (16...25)

0,31
——22 940,737 4
Sa 1000 '

Ay =24,6-D2 +0,437-D, . +0,073 1
Kp =fA hye-Ap

Manyal blocking valve for
2 indystrial installations,
welded connection

DN 15-DN 200; PN = 16
Shut{off device with hand

0,45

whee] for heating installa- fa=-7--:6,+08133
3 . - 1 000

tions| flanged connéction, )

¢longated design Ap =8,78- Dp,e +1,48- Dp,e +0,040 2
DN 15-DN 200; PN = (6...16)

Shut-off device with hand 0,46

4 | Wheel for heating installa- fa= 1000 6, +0,748

tions, flanged connection,

short design Ap =3,21~D§’e +1,62-D,  +0,032 2

Kp =fa -he -Ap +Kq
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N Type of valve

Geometry

Calculation formulae

Range of validity (DN, nominal diameter
in mm, PN, nominal pressure in bar)

fa, correction factor;
A,, heat-releasing area, m?;

K,, thermal bridge coefficient, W/K.

DN 15-DN 200; PN = (16...25)

5 Check valve, flanged con-
nection

0,34
-_ > 540,956
Ja 1000

Ay =16,8-D%, +0,31.D, , +0,078
Kp =fa he - An tKq

6 Check valve, welded con-
nection

DN 15-BM200; PN = (6...16)

0,29
L2227 640,966
1§ 1000 '

Ay =15,8-D] . +0,51-D, . +0}023
Kn =fa he - An

DN 15-DN 200; PN = (6...16)

fa=— 0,49 -6, +0,714
7 Shut-off flap 1 000
Ay =1,07-D}, +0,629-D, . +{,013 5
Ka = fa hse - Ax +Kq
DN 15-DN 200; PN = (6...16)
. fa =—£~91 +0,938
8 Dirt arréster, flanged 1000
Ap :18,4-D§,e +0,969-D, . +0,034 6
Ka = fa -hse -Ax +Kp
DN 15-DN 200; PN = (6...16)
_ fa =—232 4 40,951
9 Dirt arrester, welded 1 000

Ay =15,1-D] . +0,754-D, . +0,028
Ka = fa he-An

© IS0 2022 - All rights reserved
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Table A.3 (continued)

Calculation formulae

Range of validity (DN, nominal diameter
in mm, PN, nominal pressure in bar)

N Type of valve Geometry fa» correction factor;

A, heat-releasing area, m?;

K,, thermal bridge coefficient, W/K.

DN 15-DN 200; PN = (6...16)

_ fa =—ﬂ-ei +0,600
10 Adjustment valve 1 000
Ay =14,8:D% +2,8- D5\ 10,39
Ka = fa he - Ax +Kq
DN 152DN 200; PN = (6...16)
F =—ﬂ~ei +0,709
11 Safety valve 1 000

Ay =14,0-D} . +1,7-D, , +0,092
Ka =fa he Ax +Kq

DN 15-DN 50; PN =40

0,52
-_2% 9 410,875
S 1000

Ap :1'4'Dp,e +0,069
Kp =fa -he -Ap +Kq

12 | Condensate drain, flanged

DN 15-DN 50; PN =40

fa :_ﬂ.g +0,934

L 1
=iy et
}MW Kn =fa hse - An

Each FEM calculation was carried out assuming six different temperatures between 50 °C and 500 °C.
The internal heat transfer coefficient was 1 000 W/(m?2-K), the external heat transfer coefficient of the
component was considered according to Formula (A.4). Different pressure stages and special designs
were not considered.

13 | Condpnsate drain, welded

When the valve to be investigated is not listed in Table A.3, the procedure shall be as follows:

Valves with flange connection:
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An additional flange pair shall be added in this case:

Kp =fa he Ap +Kyg (A7)

The proper correction factor is determined according to:

fa =—%~¢9i +0,629 (A.8)

The valve surface area shall be obtained from the manufacturer or shall be calculated.

Valves with welded connection:

In thjs case:

The proper correction factor is determined according to:

0,21
1 000

F —

1A —

-6; +0,638 (A.10)

The valve surface area shall be obtained from the manufactureror shall be calculated.

A.2.4 Calculation of thermal bridge coefficient for-uninsulated pumps

The [formulae have been developed from FEM simulations for heating-water pumps |< DN 150)
with| direct flange-mounted drive. Formula (A.11)"represents the thermal bridge coefficient for an
uninpulated pump:

, 4-6;
Kp =(14-Dp’e—0,09)-(1 000+0,83) (A.11)

whete D, . pipe outside diameter (uninsulated pipe), expressed in m.

A.2.5 Calculation of heatlosses for insulation boxes

Insulation boxes for flanges, valves, and other components are calculated using the pip¢ model, see
Figure A.1.
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The linear density of heat flow rate for insulation boxes, g, x, [W/m], is calculated using Formula (A.12):

diKa = q;tb = fiR_Qj - (A12)
i si se Ka
with the internal heat transfer resistance R
1
si = m (A13)
and the external heat transfer resistance R,
R = ! (A.14)
hy -(Dpo +2-dg +2-dg, ) T
The therma] resistance of the insulation box, R, is determined using Formula (A.15)
h{Dp’e +2-dp +2-dg, ]
Ria =—— Doe +2:dr (A.15)
fka 2.7 Agq
where
I igthe insulation box inside length, expressed in m;
0, id the fluid temperature, expressed in °C;
0, idthe ambient temperature, expressed in °C;
D,. igthe pipe outside diameter (uninsulatedpipe), expressed in m;

dr  igtheinsulation layer thickness of thepipe, expressed in m;
id the insulation layer thickness of the insulation box, expressed in m;

Ak, i4the thermal conductivityef insulation box material at mean temperature of insulatior] box,
expressed in W/(m-K);
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e WO
| (1) |

Key
l
dp i
dig, 1

AN

I.

dy,

a

. ipsulation box inside length
Esulation layer thickness of the pipe

1 dK

a

., insulation layer thickness of the insulation box

x  Dholtlength + 20 mm

S dpace inside the insulation box

NOTH

The dlimensionless insulation box factor fi, depends on the pipe diameter, the temperature,

Figure A.1 — Geometry of an insulation box

The space inside the insulation box-(S) can be filled with or without insulation.

matgrial, the type of end disc, and.the insulation box fill.

Guidpg values for insulation bexfactors are listed in Table A.4 and Table A.5.

Table A.4 & Mean values for insulation box factors f, (void without fill)

the cladding

Cladding Without end disc End disc in contact Thermally separatg¢d end disc
Steel sheet 1,58 2,73 2,5
Stainless steel 1,44 1,88 1,84
Aluminium 2,65 -— 9,53
Plasti¢ 1,4 1,4 1,4

Table A.5 — Mean values for insulation box factors fy, (void filled with insulation material)

Cladding Without end disc End disc in contact Thermallygiesléarated end
Steel sheet 0,68 1,97 1,39
Stainless steel 0,65 1,25 1,06
Aluminium 1,23 - 3,65
Plastic 0,94 0,94 0,94
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The thermal bridge coefficient for an insulation box can be calculated using Formula (A.16):

I

1

Kyg=——t
! Rsi +Rse +RKa

(A.16)

The insulation box inside lengths for valve boxes can be approximated using Formula (A.17) and

Table A.6

Ii =C1 +C0 'Dp’e

(A.17)

For flange hoxes, the insulation box inside length including counter flange and 20 mm can be
calculated from the outside pipe diameter D, . and the nominal pressure PN using the approxi‘ft}ation
Formula (A.[18): Q
0,722 ’(1/
[;=0,228+0,044-D, . - PN q/b"\ (p.18)
Elements priotruding from insulation boxes shall be calculated as specific therm&bﬁ}idges.
Table A.6 — Calculation parameters for valve lengths lg\}o PN 40
Type Co ('\<< Cq
Flanged valve N v
N
z&&’e 0,275 1
N
Flanged short valve \l‘\u
QB
O
@ ’ 0928 1 0,298 5
Intermediate f1 valve
0,456 1 0,2213
Welded valve
* 2,336 8 0,087 6

38
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A.3 Projecting thermal bridges of roughly constant cross-section

A.3.1 General

A metal fin of roughly constant cross-section, which can be surrounded by an insulating layer (see
Figure A.2), has the temperature, 8, at the fin base and releases heat to the environment at temperature

0

Key

Ul BwWw N

()}

o

9

Lg, length of the thermal'bridge, expressed in m

d

The fHepmal bridge coefficient, K, ,, is given by Formula (A.19) and expressed in W:

a

oint of measurement of the ambient temperature, 6,, expressed in °C

oint of measurement for calculating the surface coefficiént of heat transfer, h,, expressed in W

se’
oint of measurement of the perimeter, Py, expressed in m

oint of measurement for calculating the designhermal conductivity of the insulation, Ap, exp
m-K)

dross-sectional area of the thermal bridge, A expressed in m?2

cS,fin’
point of measurement for calculating the design thermal conductivity of the thermal bridge
gxpressed in W/(m-K)

1oint of measurement of the temperature at the fin base, 6, expressed in °C

oint of measurement for calculating the thermal transmittance on the frontal of the therm
dxpressed in W/(m?-K)

heat flow rate, @, expressed in W
thickness of the.insulation, expressed in m

Figure A.2 — Mounting with insulation

7 -1
P 3
o -8 d
—= <,
.\
1 “ \~5
aN{
] Lfln d 6

(m2-K)

ressed in W/

material, Ag,,

nl bridge, Ug,

Acs,ﬁn '/’Lﬁn -k

K fin =
Lﬁn
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Kp =fa hse-An (A.19)

The dimensionless factor, k, can be calculated from Formula (A.20) or determined by using Figure A.3
after having calculated the dimensionless parameters B and B, using Formulae (A.21), (A.22), (A.23),

and (A.24):
B-sinh B+ By, -coshB

k=B- (A.20)
B-coshB+ By, -sinhB
where
B -B
cosh B = % (h.21)
B -B
sinh B = % (h.22)
P
B=Lg, fin (A.23)
1 d
Afin * Acs fin - . i
Uq -L
B, :—f% (p.24)

The externgl surface coefficient, hg,, can be calculated inxaccordance with 4.1.3, while the thgrmal
transmittarce, U, on the frontal area can be assessed foreach case in A.3.2 to A.3.4.

A.3.2 Insuylated or free frontal area

1

N\
RN

\\][\ AN
\

L fin dfa

Key
area of the cross-section of the thermal bridge, A, expressed in m?
point of measurement for calculating the heat transfer coefficient, hg,, expressed in W/(m2-K)
heat flow, @y, , expressed in W
dfa
Lg, length of the thermal bridge, expressed in m

thickness of the insulation on the frontal area, expressed in m

Figure A.3 — Mounting with insulated or free frontal area
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The thermal transmittance in case of the insulated frontal area can be calculated from Formula (A.25):

A _du 1
Uf l hse

a

(A.25)

The thermal transmittance in case of the free frontal area can be calculated from Formula (A.26):
Ugy =hge (A.26)

A.3.3 Anchoring structure

An anchoring structure of any desired shape, made from material that has good conducfing properties
and is based in the ground or in concrete, is attached to the frontal area (see Figure Ad@,).

1
N\ 2

RN /

Lfin

ANRRANY \\\\Z[\\\\ ANRRNY
/11171177777

grea of the cross-section of the thermal bridge, A, expressed in m?2

s fin

drea of the surface of the anchorage,@ .., expressed in m?2

anc’
oncrete or ground

expressed in W/(m?-K)

se’

U s W N
o

;[oint of measurement for calculating the heat transfer coefficient, h
eat flow, @, expressed in W

Figure A.4 — Mounting with anchorage, in ground

If A,}. is the total surface of the anchoring structure, the maximum value for U, can be [assessed by
Formula (A 22y

A, . -h
=T e (Aa.27)
‘s, fin

Where the shaping of the connecting structure is permitted, the latter can itself be considered in turn
as a fin, and the heat flow on the interface between the two fins and the resulting value of U, can be
calculated in accordance with Formula (A.28).
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A.3.4 Fin frontal area is in good heat contact with free metal supports

The rough estimate given by Formula (A.28) applies:

Ly (A.28)
Ufa

For geometries with widely varying cross-section, a calculation using numerical methods is
recommended.
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