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Foreword

ISO (the Infernational Organization for Standardization) is a worldwide federation of national $tandards
bodies (ISQ member bodies). The work of preparing International Standards is normallyycarried out
through ISQ 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. Int¢rnational
organizations, governmental and non-governmental, in liaison with ISO, also take qart in the york. 1SO
collaborateg closely with the International Electrotechnical Commission (IEC)y on all matters of
electrotechmical standardization.

Draft Internptional Standards adopted by the technical committees are circulated to the membler bodies
for voting. Publication as an International Standard requires approval by at least 75 % of thg member
bodies cast|ng a vote.

Internationgl Standard I1SO 12241 was prepared by Technical Committee 1SO/TC 163,| Thermal
insulation, $ubcommittee SC 2, Calculation methods.

Annexes A o C of this International Standard are for information only.
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properly model thermal characteristics of any one surface. Furthermore, the heat flow through a surface
at any point is a function of several variables which are not directly related to insulation quality. Among
others, these variables include ambient temperature, movement of the air, roughness and emissivity of
the heat flow surface, and the radiation exchange with the surroundings (often including a great variety
of interest). For calculation of dew formation, variability of the local humidity is an important factor.

Except inside buildings, the average temperature of the radiant background seldom corresponds to the
air temperature, and measurement of background temperatures, emissivities, and exposure areas is
beyond the scope of this International Standard. For these reasons, neither the surface temperature nor
the temperature difference between the surface and the air can be used as a reliable indicator of
insulation performance or avoidance of dew formation.
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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 precise values of heat energy
conservation or (insulated) surface temperature need not be assured, 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.

Vi
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Thermal—nsutation—forbuitding—equipment —and—ndustrijal

installations — Calculation rules

1 cope

This Intefnational Standard gives rules for the calculation of heat transfer related propertie$ of building
equipmemt and industrial installations, predominantly under steady-state conditions, asspming one-
dimensiopal heat flow only.

2 Normative references

The folloyving standards contain\provisions which, through reference in this text, constitute grovisions of
this Interpational Standard. At the time of publication, the editions indicated were valid. All standards are
subject tg revision, and parties to agreements based on this International Standards are engouraged to
investigate the possibility” of applying the most recent editions of the standards indicated below.
Memberg of IEC and4SO maintain registers of currently valid International Standards.

ISO 7348:1987, Thérmal insulation — Physical quantities and definitions
ISO 9344:1987, Thermal insulation — Mass transfer — Physical quantities and definitions

NOTE — For further publications, see annex C.

3 Definitions, symbols and abbreviations

For the purposes of this International Standard, the definitions given in ISO 7345 and ISO 9346 apply.
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3.1 Physical quantities, symbols and units

Physical quantities Symbol  Unit

heat flow rate w
density of heat flow rate q W/m?
linear density of heat flow rate q W/m
thermodynamic temperature T K
Celsius temjperature [Z) C
temperaturg difference A6 K
thermal conductivity A W/(m-K)
design therinal conductivity Ad W/(m-K)
surface cogffficient of heat transfer h W/(mZ-K)
thermal resistance R m* KW
linear thermnal resistance R m- KW
linear thermal surface resistance Rie m-K/W
surface resistance of heat transfer Rs m*-K/W
thermal resjstance for hollow sphere R K/wW
thermal tranjsmittance for hollow sphere Uson W/K
thermal trar)smittance ] W/(m?-K)
linear thermal transmittance U W/(m-K)
specific hedt capacity at constant pressure Cp kJ/(kg-K)
thickness d m
diameter D m
temperaturg factor a K®
radiation coefficient C wW/(m?-K*
emissivity £ -

Stefan Boltzmann constant(see reference [9]) o W/(m?-K*
height H m

length / m
thickness parameter (see 4.2) C’ m
perimeter P m

area A ne
volume v m?
velocity 1% m/s

time t S

mass m kg

mass flow rate m kg/h
density P kg/m®
specific enthalpy; latent heat of freezing hye kJ/kg
relative humidity Q %

©1SO
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3.2 Subscripts

ambient a

average av

cooling c

convection cv

design, duct, dewpoint d

exterior,external e

effective ef

final medium fm

freezingrl| T

interior, internal i

initial medium im

laborator lab

linear I

pipe p

radiation r

reference ref

surface S

exterior surface se

interior syrface Si

spherical sph

soil E

total T

vessel Y

water w

wall w

4 Calculation methods for heat transfer

4.1 Fundamental equations:for heat transfer

The formpulae given in this clause)apply only to the case of heat transfer in the steady-statg, i.e. to the
case whdre temperatures remain constant in time at any point of the medium considered.
Generally the thermal conduCtivity design value is temperature dependent (see figure 1, dashed line).
For further purposes of-this International Standard, the design value for the mean temperatiire for each
layer shall be used.

NOTE —This may-imply iterative calculation.

4.1.1 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 g for a plane wall in the x-direction is given by:

qz_mg_i W/m? (1)
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For a single layer

A
q= q [qesi _ese) W/m2 (2)
or
q= Bsi ~ Ose W/mz (2a)
R
where
A is the thermal conductivity of the material, in W/(m'K);
d is the thickness of the plane wall, in m;
05| is the temperature of the internal surface, in °C;
0| is the temperature of the external surface, in °C;
R | isthe thermal resistance of the wall in (m2-K)/W.

NOTE — The straight curve shows the negligible, the dashed one the strong temperature dependence of A.

Figure 1 : Temperature distribution in a single layer wall
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For multi-layer insulation

q= esi - ese W/m2 (3)

R':i_j. m? K/W (4)

NOTE — | The prime denotes a multi-layer quantity.

-« q
A, Ap Aoo As ) Ay
\ 61
\\ 6>
N
7
6/7—2
‘9/74
) & / \
dn dmfﬂ dan dB dZ d’\

Figure 2 : Temperature distribution in a multi-layer wall
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The linear density of heat flow rate g of a single layer hollow cylinder:
W/m (5)

where R, is the linear thermal resistance of a single layer hollow cylinder:
D
In—&

D.
R F : LK/W 6
Foog K (®)

s the exterior diameter of the layer, in m;
| the interior diameter of the layer, in m.

SIS

Figure 3 : Temperature distribution in a single layer hollow cylinder
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For multi-layer hollow cylinder:

Bsi —Ose
q=——7F—" W/m ()
Ri
where
, nQ D O
' =t volgnTdn  poow (8)

j=1

vith Dy = D, and D, = D,

Figure 4 : Temperature distribution in a multi-layer hollow cylinder
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The heat flow rate of a single layer hollow sphere is

esi - ese
sph

d’sph = W 9

where Ry is the thermal resistance of a single layer hollow sphere in K/W.

O
Rs 0 K/W (10)

is the outer diameter of the layer, in m;
| IS the inner diameter of the layer, in m.

SIS

Figure 5 : Temperature distribution in a single layer hollow sphere
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The heat flow rate of a multi layer hollow sphere is

"psph _ﬁ i (1D
R sph
where
n
: 1 U 14
R sph= zi W -—g K/WwW (12)
”,Zl Aj %j—l Dj%

1ISO 12241:1998(E)

Figure 6 : Temperature distribution in a multi-layer hollow sphere
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The heat flow rate through the wall of a duct with rectangular cross section is
given by

65 -0
Gg == W/m (13)
d

The linear thermal resistance of the wall of such a duct can be approximately
calculated by

: 2
AP, +P)
whiere

m K/W (14)

P;|is the inner perimeter of the duct, in m;
P | is the external perimeter of the duct, in m;
d |is the thickness of the insulating layer, in m.

P.F P + (8-d) (14a)

se

AW

Figure 7 : Temperature distribution in a wall of a duct with rectangular cross section

10

©1SO
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4.1.2 Surface coefficient of heat transfer

In general the surface coefficient of heat transfer is given by:

NOTE — | The emissivity is defined as the ratio between the radiation coefficient of thefsurface and th
radiation gonstant (see ISO 9288).

4.1.2.1 Radiative part of surface coefficient  h,

h=h +he, W/(m? K] (15)

where

0 is the radiative part of the surface coefficient of heat transfer;
0 is dependent on the temperature and the degree of emissivity of the
surface.

v IS the convective part of the surface coefficient of heat transfer.

l.v 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.

I is given by:
n=a - C W/(m2 [IK) (16)
¢ is the temperature factor. It is given by:

()" - ()"

K3 17
T-T, (17)

A, =

and can be approximated up to a temperature difference of 200 K by
. = 40T, 0K (17a)

vhere

e black body

[«.-1S 0,5 X ( surface temperature + ambient or surface temperature of a radiatin
the llc;ghbumhuud), Y Il\;

C. is the radiation coefficient, in W/(m*-K®).

C. isgiven by

C=¢clo
o =5,67 [0 W/(m2-K"

j surface in

11
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4.1.2.2 Convective part of surface coefficient hey

©1SO

For convection a distinction has to be made between surface coefficient inside buildings and in open air.
For pipes and containers there is a difference as well between internal surface coefficient h and the
external surface coefficient hge.

a) Inside buildings:

In the interipr of bUildings 1, can be calcutated for plane vertical walls and vertical pipes
free convection (H* A6 < 10 m*K) by

hey =1,32 E{/g w/ (m? ) (18a)
ere

wh
A§=|0se =65, inK;

6s¢| is the surface temperature of the wall, in °C;

0, | is the temperature of the ambient air inside the building, in °C;

H | is height of the wall or diameter of a pipe, in m.

T

For vertical| plane walls, vertical pipes and in approximation for large spheres inside buil
convective part he, for turbulent free convection (H*-A83'10 m*-K) is given by:

het =1,74 Y246 W/(m?-K) (18b)

For horizongal pipes inside  buildings h, is-given by

- Ilgminar airflow (Deg-Aes 10 m3-K)

he =1,2sa\1/3:69 w/{m? ) (18¢)

- tUrbulent ditflow (De>-A6 > 10 m*K)

hel €1,213/ A6 w/ (m?K) (18d)

r laminar

dings the

b) Outside buildings:

For vertical plane walls outside

h., of the surface coefficient is given by:

12

laminar airflow (v - H < 8 m?/s):

hey =396 q/% w/ (m?K) (18e)

of buildings and in approximation for large spheres the convective part
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- turbulent air flow (v-H > 8 m?/s):

h

(18f)

V4 2
o =576 Fw/(m K)

For horizontal and vertical pipes which are outside buildings the following equation applies:

- laminar airflow (v 0D, < 8,55 x 10 m2/s) :

1

-3
o, =20 2X10 7 451 0L w/m? k) (189)
e De
{turbulent airflow (v - D, > 8,55 x 10 m%s) :
0.9
ey =890 W/(m2K) (18h)
01
De
vhere
D. is the external insulation diameter, in m;

is the wind velocity, in m/s.

NOTE — | For calculation of surface temperature, formuilas (18a) to (18d) should be used for wall and pipe instead
of formulag (18e) to (18h) when the presence of wind-is not established.
Table 1 gives a selection of appropriate equations to be used for calculation of h,.
Table 1 —Selection of hg,
lLocation Walls Pi pes
vertical horizontal vertical horizontal
laminar~Jturbulent | laminar | turbulent | laminar | turbulent | laminar | turbylent

inside 18a 18b 1) 1) 18a 18b 18c 18d

blildings

outside 18e 18f 18e 18f 18g 18h 18g 18Hh

blildings

1) Not _important for most practical purposes
All the equations for the convective part of the outer thermal surface coefficient inside buildings apply for

the heat transfer between surfaces and air at temperature differences AT < 100 K.

4.1.2.3 Approximation for the calculation of

hse

For approximate calculations the following equations for the outer surface coefficient hse can be used
inside buildings.

For horizontal pipes

hee = Ca + 0,05 046 W/(m2K)

(19)

13
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For vertical

hse

usi

pipes and walls
= Cg + 0,09 (WO W/(Mm2K) (20)

ng the coefficients in table 2.

©1SO

Equations 19 and 20 can be used for horizontal pipes in range of D, = 0,25 m to 1,0 m and for vertical

pipes for all diameters.
Table 2— Coefficients C, and Cg for approximate calculation of total
exterior thermal surface coefficient
Surface Ca Cs £ C X 10~°
W/(m2K*)
aluminium, bright rolled 2,5 2,7 0,05 0,28
aluminium, oxidized 3,1 3.3 0,13 0,74
galvanized sheet metal, blank 4.0 4,2 0,26 1,47
galvanized sheet metal, dusty 5.3 5,5 0,44 2,49
austenitic steel 3,2 3.4 0,15 0,85
aluminium - zinc sheet 3,4 3,6 0,18 1,02
nonmetallic surfaces 8,5 87 0,94 5,33
For cylindrical ducts with a diameter less than 0;25 m the convective part of the externag
coefficient gan be calculated in good approximatior’ by equation (18 c). For larger diameters i.¢g
m the equagtion for plane walls (18 a) can beyapplied. The respective accuracy is 5 % for

D.>0,4m an
cross-sectid

4.1.2.4 EX
The recipro

For plane W

R4

n, having a width and height of Similar magnitude.

ternal surface resistance
ral of the outer surface coefficient hs is the external surface resistance.

alls the_surface resistance Re, in m*K/W, is given by

1 2w (21)

F—h
c
sa
>

d 10% for diameters 0,25<D.<0;40m. Equation (18 a) is also used for ducts with re

| surface
. D>0,25
liameters
ctangular

For pipe insulation the linear thermal surface resistance Ry is given by:

Rie = == mK/W (22)

~ hy, MDD,

For hollow spheres the thermal surface resistance Rsphe IS given by

Rs

14

phe = K/W (23)

1
hge (D2
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4.1.3 Thermal transmittance

Thermal transmittance U is given by

u=—9 _ w/m2k (24)
Gi - 6a

For plane walls the thermal transmittance U can be calculated

1 1 1

= —+R+— =R +R+Rge m>K/W (25)

U hi hse
For pipe Insulation the linear thermal transmittance U, can be calculated

1 1 1

T TRt ——— =R + R + R m2-K/W (26)

U, h; 01D, hge Ot[D,
For holloyv spheres the thermal transmittance Usyn is given by:

1 1 1

Usph hi ﬂrﬂDi hse []'[me
The surface resistance of flowing media in pipes.Rs (in the cases predominantly considefed here) is
small and can be neglected. For the external surface coefficient hs, equations (19) and (20) apply. For
ducts one also has to use the internal surface coefficient.
The reciprocal of thermal transmittance \U is the total thermal resistance R; for plang walls and
respectively the total linear thermal resistance Ry for pipe insulation and Ry spn for hollpw spheres
insulations.
The theral transmittance of-a-duct with rectangular cross sections can be obtained by |eq. (25) by
replacing|R by Rq4 (eq. 14).
4.1.4 [Temperatures of the layer boundaries
The gengral equation for the heat loss in a multi-layer wall may be written in the following general form:

o= 9 -6 'v"v'//lllz {28

Rt

and

Ri=Ri+ R+ R+ ... + Ry + Ree m2K/W (29)

where R, R, ... are the thermal resistances of the individual layers and R, Rs. are the thermal

surface resistances of the interior and exterior surface.

15
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R R, R

Rse Rn 3

: The temperature distribution for a multi-layer plane wall in relation to the thermal

Figure §
surface resistance and the.thermal resistances of layers

The ratio Retween the resistance of each\layer or the surface resistance with respect to|the total
resistance will give a measure of the tempeérature change across the particular layer or surface|in K.
9-—9-:ﬁ[(9-—9) K 30
| SI R | a ( )
T
R
es—elzR—lﬁ(ei—ea) K
T
R
el—ezzR—Zt(ei—ea) K
T
R
ese—eazﬁt(ei—ea) K
T

Rr is defined for plane walls according to equation (25), for cylindrical pipes according to
eg. (26), and for spherical insulations by equation (27).

4.2 Surface temperature

The surface temperature can be calculated by using eq. (30)

16
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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. The surface
temperature is no measure for the quality of the thermal insulation. This depends not only on the heat
transmission but also on operating conditions which cannot be readily determined or warranted by the
manufacturer. These include among other things: ambient temperature, movement of the air, state of
the insulation surface, effect of adjacent radiating bodies, meteorological conditions etc. Further, it will
be necessary to make assumptions for the operating parameters. With all these parameters it is
possible to estimate the required insulation thickness using equation (30) or diagram 1 (see
reference [10]). It must be pointed out, however, that these assumptions will correspond to the
subsequent operating conditions only in very rare cases.

Since an
temperat

Ire is inexact and the surface temperature cannot be warranted. The same restricti

the warrgnty of the temperature difference between surface and air, also called excess t

Although
the heat

maghnitud
air tempe
mostly dd

radiative

ransfer by convection and radiation can be covered by a total heat transfer coeffi

exchange.

Piagram 1: Determination of insulating layer thickness for.a pipe at a given

heat flux density or for a set surface temperature (see next page)

O — 040 O
:’:2@[% m a|D— g (a)
B 9 0 hep

all

- 20 %eim - 6a|%_15

(b)
hse @ese —6, 0 |

accurate registration of all relevant parameters will be impossible, the calculation‘eff the surface

bns apply to
bmperature.

it includes the effect of the ambient temperature on the surface temperature it agsumes that

cient whose

e must also be known (see 4.1.2). However, this condition is generally. hot fulfilled because the
rature in the immediate vicinity of the surface, which determines(the convective he¢at transfer,
parts essentially from the temperature of other surfaces with which the insulation surface is in

17
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Insulating layer thickness d in mm

Example a: Set heat flux ¢ Example b: Set surface temperature for
dew prevention
O =300 °C A =0,088 W(m-K) Om =-20°C A =0,039 W(m-K)
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Pipe diameter D without insulation in mm
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The equation for the thickness parameter C is derived from equations (24) and (26) by elementary
transformations. Equation (a) permits calculation of the necessary insulation thickness for a given linear
density of heat flow rate, whereas equation (b) allows calculation of the required insulation thickness for
a given temperature difference between the pipe surface (with insulation) and the ambient temperature.

In both cases hse must be assumed or calculated (see example B.7).

4.3 Prevention of surface condensation

The surface condensation does not only depend 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 custd
fluctuatio
data are
necessar
insulation
temperat
onset of (

S (

q

5.1 I

To obtain
liquid or g

mer. It 1S all the more difficull t0 state the higher the relative humidity 1S, In
ns of the humidity or of the surface temperatures make themselves felt strongly.“U
available assumptions have to be made as in diagram 3 (see clause 9)to c
y insulation thickness to prevent dew formation on pipes. Using equation\(30) the
thickness to prevent dew formation can be obtained by iterative teghhiques. 1
ire difference (in °C) between surface and ambient air for different, relative humi
lew formation is given in table 3.

Calculation of the temperature change in pipes, vessels

and containers

Longitudinal temperature change in a pipe

as, the following equation applies:

Bin — 6| =0 — 0| 27" K (31)

vhere

= U, 8,6 m-L 32
e, (32)

b IS the final temperature of the medium, in °C;
bm IS the initial temperature of the medium, in °C;

). is the ambient temperature, in °C;

b, is the_specific heat capacity at constant pressure of the flowing
medium, in kJ/(kg-K);

[ isithe mass flow rate of the flowing medium, in kg/h;

which case
nless other
plculate the
P necessary
he allowed
lities at the

the accurate value of the longitudinal temperature change in a pipe with a flowing medium, i.e.

] I 1 ar tharmal trancmittaneca 1N \A/(m. K\
-~ T T i AT UTeTTITTIAUAT traArnTormmanrTo e, 1t 'l\lll I\l-

Equations (31) and (32) can also be used for ducts with rectangular cross section. Then U, has to be

replaced

following

by U; (eq. 25).
Since, in practice, the allowed temperature change is often small, for approximate calculation the
equation applies:
mtLe,

YY) is the longitudinal temperature change, in K;
a is the linear density of heat flow rate, in W/m.
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For the calculation of g equation (24) can be used or equations (5) and (7) if the external surface
coefficient can be neglected.

Equation (33) will yield results of satisfying accuracy only for relatively short pipes and a relatively small
temperature change [A6< 0,06 ({6, — 6,)].

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

The allowed cooling time &, for a given temperature change is calculated by

0, fmie, ) om ~%)

9 -0
t, E (Bin ~6a) h (34)
q3B,6[A
where
6, -0
gt Em=5) a1 ) wim? (35)
2 hy
q is the density of heat flow rate, in wim?;
A is the surface area of the container_or vessel in m?;
t, is the cooling time, in h, producing-the temperature drop;
m is the mass of contents, in kg;

Co is the specific heat capacity; in'kJ/(kg-K), of the medium.

For a spherjcal container g-A is replaced by the heat flow rate @, from equation (11).

The accurate calculation of the-time-dependent temperature change is performed according to section
5.1, using eguation (31) angreplacing /by tand a by a’.

The approx|mate timesdependent temperature drop can be calculated by equation (36):

. , U [A[BG6
with o ¥ ——
mletp
[A
20=9 " nme K (36)
p
NOTE — In calculating the cooling time it is assumed that no heat is absorbed by the media during cooling. The

obtained cooling time is the fastest, which means there is a safety factor built in by modelling (design calculation).
For small containers the heat capacity of the container itself is taken into account and in equation (34) an analogous
term as in equation (37) is added.

20
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6.1

Calculation of cooling and freezing times of stationary

liquids

Calculation of the cooling time for a given thickness of
insulation to prevent the freezing of water in a pipe

1ISO 12241:1998(E)

It is impossible to prevent the freezing of a liquid in a pipe, although insulated, over an arbitrary long
period of time.

AS soon

density o
the pipe

as the qunirl (normally water) in the Ir_\ilr_m is_stationary the process of cogling-starts. The linear

My Cop K [My Cow then my- ¢,y may be neglected.

The time [until freezing starts is calculated using the following equations :

In practi

0,,-06
(Bim =0 ) My iy +my i (Bim ~6a)

(efm B ea)
. h 7
wp qu [3,6 ¥] (3 )
vhere

_ T[meim B Oa)
7Wp - i &4_ 1 W/m (38)

200 D, hg, D,

and

is the length of the pipe, in m;

. is the initial medium temperature, in °C;
Dhim is the final medium temperature, in °C;

D, is the ambient temperature in °C;

o is the specific heat capacity, in kJ/(kg-K);
My is thé.mass of water, in kg;

M, isithe mass of the pipe, in kg.

insulated|pipes.

heat flow g, of a stationary liquid is determined by the energy stored in the liquidie},,- m,, and in
material c,,;'m, as well as by the freezing enthalpy required to transformoOwater to ice. If

de, forthe calculation of gu, the exterior thermal surface resistance should be ng¢glected for

If a comparison is made between uninsulated and insulated pipes the influence of the surface coefficient
of the uninsulated pipe must be taken into consideration. The density of heat flow rate of the uninsulated

pipe is g

iven by:

g = hse (B — 6,) RO, W/m (39)

As an approximation the cooling time is given by:

po= (mw m"pw +my |]"pp) |:\ﬂeim _Bfm)
WP Qup (3,600

(40)
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The time until freezing starts is calculated by using the procedure above with 6, equal to the freezing
point of the liquid.

Diagram 2 shows examples for the cooling time before freezing starts for a range of pipe diameters and
ambient temperatures, for water initially at 5 °C.
6.2 Calculation of the freezing time of water in a pipe

The freezing time is dependent on the heat flow and the diameter of the pipe. It is given by:

OuD2 [Ah
t = f ce ip L (41)
100 gy [B6 (%

with
n{-6,)

an{=———p W/m (42)

_ - mni

20 ,
and
f is the percentage of water that is frozen;
D, is the interior pipe diameter, in m;
hy is the specific enthalpy = latent heat-of ice formation = 334 kJ/Kkg;
Prc is the density of ice at 0°; pice = 920 kg/m®.

The percentage f of water that is frozen shall be:ehosen according to a requirement, i.e 25% (f g 25).
The allowable cooling time may be taken as'well from diagram 2.

Due to the|reduction of the cross-section of slides, taps and fittings cooling and freezing fimes are
reduced as|well. It is advised to_decrease the cooling and freezing times £, and & given in 6.[L and 6.2
by 25%. The allowed cooling times may also be taken from diagram 2.

7 Thermal bridges

Pipe mountjngs, supports and armatures may be thermal bridges which cannot be calculated lpy normal
means. Thay-Cause additional heat losses, which can be taken into consideration in different yays. For

pipes, components—in-the insulatinglayer like spacersand supports—are taken intoaccodnt by an

additional term AA to the reference thermal conductivity A of the insulation material (see clause 9):

Aett = A + A (43)

The effect of valves, slide valves and flanges may be taken into account according to table 4 by adding
a fictitious pipe length Al to the given length /.

b = 1+ Al (44)

Like in pipes, the real temperature drop in containers is much affected by thermal bridges. A substantial
increase in thickness of the insulation in containers is necessary.
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8 Underground pipelines

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

8.1  Calculation of heat loss (single line)

At presen

t, the following two methods are used for pipe-laying without channels:

The heat flux per metre of an underground pipe is calculated from

The therr

ei B esE
= W 45
e R/ + Rg /m (45)

6 is the medium temperature, in °C;

65 is the surface temperature of the soil, in °C;

Re is the thermal resistance for a pipe laid in homogeneous soik-in
m-K/W;

Ae is the thermal conductivity of the ambient soil, in W/(m*K);

Hez  is the distance between the centre of the pipe andthe surface, in m.

He

hal resistance for the ground (figure 9) is calculated inaccordance with equation (46
Rg = ——— [arcosh 2tHe K/W (46)
2 Ot g D
GSE
/
AE

@ D

Figure 9 — Underground pipe without insulation

23


https://standardsiso.com/api/?name=3c2cd415448fd4ccb9275abc1c7fe292

1ISO 12241:1998(E) ©1SO

whereby equation (46) is simplified for Hg/D; > 2 to

1 H
RE: I:[h4 E
2. | D,

mK/W (47)

For underground pipes with insulating layers in accordance with figure 10, the thermal resistance is
calculated in accordance with equation

1 201 DO
R ==Y H=0On—20 mK/W (48)
Ll_ll.j?l_\J Ulju
QSE
/
Ae

He

Figure 10 — Underground pipe comprising several concentric layers :
e.g. consisting of insulating material and sheathing (e.g. jacket pipe), embedded in a bottoming
(e.g. sand) with a square cross-section

The square cross-section of the outer layer with side length a is thereby taken into consideration with an
equivalent diameter

D,=1,073 [ (49)
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Internal diameter D, is identical to D, ( where j = 1). The thermal resistance of the ground Re results for
this case at

Rg = — 1 reosh?FE K/W (50)
2 g D,

Calculation methods are available for the determination of the heat flow rate and temperature field in the
ground for several adjacent pipes, i.e double lines or laid systems, see references [12] to [14] in
Annex C.

In the cape of commonly used jacket pipes which are laid adjacent to each other, if A; <<Ag| calculation
as an individual pipe is generally sufficient as an initial approach, as the mutual -effects can be
disregarded.

For pipes embedded in insulating masses without additional insulation, the simplified calcujation is not
permissikle.
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9 Tables and diagrams

Table 3: The allowed temperature difference in °C between surface and
ambient air for different relative humidities at the onset of dew formation

Ambient Relative air humidities, %

air

temperature 30 35 |40 |45 |50 55 |60 |65 |70 |75 |80 |85 |90 |95
°C

-20 - 10,419,1 |80 |79 |6,0 |52 |45 3,7 |29 |23 |17 |11 (95
-15 12,3]10,8196 |83 |73 |64 |54 |46 |38 |31 |25 |18 |1,2-}0,6
-10 129111,3199 |87 |76 |66 |57 |48 |39 |32 |25 |18 .J'1,2 |0,6
-5 13,4]11,710,3190 |79 |68 |58 |50 |41 |33 |26 |19)]12 |06

0 139112,2|10,7 |93 |81 |71 |6,0 |51 |42 |35 [2,7 |9 |13 |07
2 14,3 112,6 |11,0]9,7 |85 |74 |64 |54 |46 |38 |30 )]22 |15 |07
4 14,7 113,0 |11,4 10,1 |89 |7,7 |6,7 |58 |49 |40, N1 |23 |15 |07
6 15,1 113,4 (11,8 10,419,2 |81 |70 |61 |51 |41)]32 |23 |15 |07
8 156 13,8 |12,2 10,896 |84 |73 |6,2 |51~42 [32 |23 |15 |08

10 16,0 | 14,2 |12,6 J11,2 10,0 |86 |74 |63 |52 |42 |33 |24 |16 |08
12 1651146130116 ]10,1|88 |75 |6,3.453 |43 [33 |24 |16 |08
14 16,9 15,1 | 13,4 11,7 110,3 |89 |76 |65 |54 |43 |34 |25 |16 |08
16 17,4 1155|13,6 |11,9]10,4 |90 |7,8%}6,6 |54 |44 |35 |25 |17 |08
18 17,8 115,7 |13,8 12,1 10,6 |9,2 | %9 |6,7 |56 |45 |35 |26 |17 |08
20 18,1 1159 | 14,0 12,3 ]10,7 | 9,3-|8,0 |68 |56 |46 |36 |26 |1,7 |08
22 18,4 116,1 | 14,2 11251109 /955 |81 |69 |57 |47 |36 |26 |17 |08
24 186 |16,4 |14,4 12,6 |11,14y96 |82 |70 |58 |47 |37 |2,7 |18 |08
26 18,9 116,6 | 14,7 |12,8(4 11,2 |9,7 |84 |7,1 |59 |48 |37 |27 |18 |09
28 19,2 116,9 | 14,9 | 13,011,499 |85 |7,2 |60 |49 [38 |28 |18 |09
30 19,5117,1 |15, 23,2 116 |10,2 |86 |7,3 |6, |50 |38 |28 |18 |09
35 20,2 |17,7 |15,9|13,7 12,0 |10,4 |90 |76 |63 |51 |40 |29 |19 |09
40 209|184\ 16,1 |14,2 12,410,893 |79 |65 |53 |41 |30 |20 |10
45 21,6 |49,0116,7 | 14,7 1128 |11,2 |96 |81 |68 |55 |43 |31 |21 |10
50 22,3 p19,7 117,31152]13,3 116 |99 |84 |70 |57 |44 |32 |21 |10

Example: At an_ambient temperature of 20° C and 70 % relative humidity the allowed surface
temperaturg is'20 °C — 5,6 °C = 14,4 °C.

a) Valves and slide valves

To account for the presence of valves and slide valves in a piping system, add additional length in
metres from table 4 to the real length of the pipeline before calculating the heat loss. These values
account for the valve and its own flanges, but not for the flanges where the valve mounts in the piping
system [see b)].

Values in table 4 assume typical industrial insulation thicknesses for the temperatures given, and
thermal conductivities of A = 0,08 W/(m-K) at 100 °C mean temperature, and A = 0,10 W/(m-K) at
400 °C mean temperature.
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Table 4: Additional heat losses due to components in a pipeline
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Pipe diameter Diinm 0,10 0,50
Medium 6 in°C 100 400 100 400
temperature
non-insulated valve 6 16 9 25
Pipeinside 213 msufated vaive 3,0 6,0 4,0 100
3/4 insulated valve 2,5 50 3,0 7,6
non-insulated valve 15 22 19 32
Pipe outside 2/3 insulated valve 6,0 8,0 7.0 11,0
3/4 insulated valve 4.5 6,0 6,0 8,5

b) Pair of|flanges

To account for the heat losses from a pair of flanges in a piping*system (including the flange

valves is mounted ):

Non-insulated flanges:

Insulated|with flange boxes:

Insulated|flanges:

c¢) Pipe slispensions

From the table above, use one third of the
length given for a valve,of the same diameter.
Add this to the real length of the piping before

calculating the héat losses.

To the reallength of the piping, add one meter

for each flange with flange box, before
calculating the heat losses.

No-adjustment required; calculate heat
lesses based on real length.

Add to cdlculated<eat loss (without previous compensation for other components).

in interior spaces:

in‘the open air without wind:

15 % of the heat loss

20 % of the heat loss

pair when a

in the open air with wind:

d) Supports for sheet-metal pipelines jackets

Additions to thermal conductivity:

for steel supports
for ceramic supports 0,003 W/(m-K)

25 % of the heat loss

0,010 W/(m-K)
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Diagram 2: Determination of cooling times from 5 °C to 0 °C

The maximum allowed cooling time of water in pipes of different diameter and with different insulation
thicknesses at different ambient temperatures to avoid freezing of the water in the pipe. The initial water
temperature 8= 5 °C, the wind speed v=5 m/s, A = 0,04 W/(m-K), he=20 W/(m’K)

| JANVAREN
§/ é’/ //
f?ﬁ s/ §(>/ // /"
ﬁ? | &/ 5‘?_ O
o Y Pl
Vi AR® i )
AT AR
/1] A AN 1/
AA | Aav.ey
.//, /_‘“;7 A0 A //
N Vs> /LA
//// ///!/ Il//jij
218 /%,
0mm
0 100 200 350 400 ! 500 ‘0 20 40 60 80 100 120 40 160
Pipe diameter in mm Tipne in hours

Example: Fpr a given pipe diameter of 300 mm with an insulation thickness of 60 mm and an ambient air
temperaturg of —10 °C, thetmaximum allowed cooling time is 40 h.
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Diagram 3: The required insulation thickness to prevent dew formation

Ext. Relative air humidity 80 % Relative air humidity 85 % extern.
diam. pipe
n} Medium temperature in °C Medium temperature in °C diam.
mm +15|+10 [+5 [0 -5 [-10 |-15 |-20 |-25 |-30 |-35 |-40 |-45 [-50 |-55 |-60 |-65 |-70 [-75|+15|+10|+5 |0 |-5 [-10 |-15 |-20 |-25 |-30 |-35 |-40 |-45 |-50 [-55 |-60 |-65 |-70 |-75 |mm
17,2 17,2
21,3 21,3
26,9 15 30 40 50 65 80 26,9
33,7 15 25 30 40 50 65 33,7
38 90 38
42,4 42,4
48,3 48,3
60,3 80 100 60,3
70 15 70
76,1 25 76,1
82,5 0 82,5
88,9 90 50 88,9
95 65 95
101,6 80 1p0 101,6
108 108
114,3 114,3
121 121
127 100 90 127
133 100 133
139,7 139,7
159 25 159
177,8 30 120 177,8
193,7 193,7
219,1 40 219,1
244,5 244,5
273 140 273
298,5 298,5
318 120 318
323,9 50 323,9
355,6 15 25 |30 |40 50 65 80 355,6
406,4 406,4
419 90 65 140 419
470 470
508 100 80 508
558,8 558,8
609,6 120 90 100 |120 140 609,6
711,2 160 711,2
812,2 140 1B0 812,2
914,4 914,4
1016 1016
© o

The reqyired insulation thickness in mm forrefrigerant pipes of different diameters apd different

temperat

The thermal conductivity of the insulation-at 6= 10 ° is A = 0,04 W/(m-K),
The thermal conductivity of the insulation at 6= —100 °C is A = 0,033 W/(m-K),

Ambient

ires at different relative humidities'of the ambient air.

hir temperature is 20 °C, (h.= 6 W/(m?*K)
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Annex A
(informative)

Comments on thermal conductivity

©1SO

There is a distinction between the laboratory and the declared thermal conductivity as well as the design

value of the

thermal conductivity of an insulation.

A.1 Labor

An importaf
conductivity
accordance
compositior]

htory thermal conductivity Alab

nt description of the quality of a thermal insulation (see 1SO 8302) is the laborator
, measured with a guarded hot plate in accordance with ISO 8302 or the heat flow

, Structure and density and on the temperature.

The labora

regime in steps of 20 K, 50 K or 100 K (see 1SO 9251). The laboratory)thermal conductivity
products is galled A, pand is given as a function of the mean test teniperature.

The labora
sections (s
apparatus ¢
which are d
single or m
regime as g

A.2 Decla

The declare
into considg
Alab,p and t
conductivity
derivation o

A.3 Desig

The design
evaluation (¢
basis of the

ory thermal conductivity is measured with unused, dry samples in the given ter

ry thermal conductivity of dry thermal insulations of\hollow cylindrical specimeng
be |SO 9229) in different diameters and thicknesses is determined with the pig
iccording to 1ISO 8497. This value includes besidés the temperature difference p
Ue to the test conditions, for example the influence of longitudinal or transverse joi
ultiple insulation layers, i.e. effects of workmanship. It is given in the relevant ter
function of the mean temperature. This value is called Ajgpr.

red thermal conductivity — Agec

d thermal conductivity stated by the manufacturer must take production-related fly
ration. The declared value for plane products is based on the laboratory thermal ca

from the laboratory thermal conductivity is given in 1ISO 13787. Another approac
f the declared and-designed values is given in reference [8].

nvalue A4

value.ofran insulation is warranted by the contractor who does the actual applica
f the\design value is done either on the basis of the declared thermal conductivity

y thermal
meter in

with ISO 8301 on plane samples. It is dependent on the kind ofcthermal insulation, its

nperature
for plane

like pipe
e testing
ameters,
ts and of
nperature

ctuations
nductivity

ne declared value of (pipe sections on Aaxr. A method to derive the declared thermal

h for the

tion. The
or on the

laboratory thermal conductivity.

In addition the thermal conductivity has to be increased by allowance factors taking into account the
influences of the actual temperature difference of the installed material, of workmanship, changes in
density or structural changes (see BS 5422).

If, in the case of pipe insulation, the declared thermal conductivity is used as basis, the value might
already include these parameters. However, one has to prove that they are of sufficient magnitude.

If a vertical thermal insulation is permeable to air and if there exists an air layer within the insulation,
then an appropriate allowance has to be considered.
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The influence of other thermal bridges, which are due to the installation of the insulation material such
as spacers, carrying and support constructions has to be included with allowance factors according to
clause 7 and table 4 of this standard.

The resultant design value is only a warrantable quantity if the allowance factors due to thermal bridges
are known with sufficient accuracy.

For other kinds of constructions the allowance factors have to be determined either experimentally or by
calculation.

NOTE — Mare advanced calculation tprhniqupc for thermal hridgpq are gi\/pn in reference [‘I A]

The labofatory thermal conductivity of a specimen, taken from an installed insulation’ mjay be only
checked [f no material or structural changes occurred during mounting.

31


https://standardsiso.com/api/?name=3c2cd415448fd4ccb9275abc1c7fe292

