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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Part 1 spec

entat, in_fiaison with IS0, also take part in the Work. SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 2.
Ask of technical committees is to prepare International Standards. Draft Interrational Stand
the technical committees are circulated to the member bodies for voting. ‘Publication ag

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

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

P was prepared by Technical Committee ISO/TC 205, Building.environment design.

consists of the following parts, under the general title. Building environment design — Ded
g, installation and control of embedded radiant heating,and cooling systems:

Definition, symbols, and comfort criteria
Determination of the design and heating and cooling capacity
Design and dimensioning

Dimensioning and calculation of the dynamic heating and cooling capacity of Thermo A
j Systems (TABS)

Installation

Control

fies the comfort-Criteria which should be considered in designing embedded radiant heating an

cooling sys|
comfort of

and cooling
systems to
design The

tems, since\the main objective of the radiant heating and cooling system is to satisfy the
he occupants. Part 2 provides steady-state calculation methods for determination of the heg
capaeity. Part 3 specifies design and dimensioning methods of radiant heating and cod
nsure the heatlng and cooling capacity. Part 4 prowdes a dlmenS|on|ng and calculat|on methg

the

ards

an

tent

ign,

tive

i
mal
ting
ling
d to

pling

systems can reduce energy consumptlon and heat source size by using renewable energy. Part 5 addresses
the installation process for the system to operate as intended. Part 6 shows a proper control method of the
radiant heating and cooling systems to ensure the maximum performance which was intended in the design

stage when

the system is actually being operated in a building.
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Introduction

The radiant heating and cooling system consists of heat emitting/absorbing, heat supply, distribution, and
control systems. The ISO 11855 series deals with the embedded surface heating and cooling system that
directly controls heat exchange within the space. It does not include the system equipment itself, such as heat
source, distribution system and controller.

The|ISO 11855 series addresses an embedded system that is integrated with the building structurg.
Thefefore, the panel system with open air gap, which is not integrated with the building structute, i not
covered by this series.

The|ISO 11855 series shall be applied to systems using not only water but also othef/fluids or elecfricity as a
healing or cooling medium.

The| object of the ISO 11855 series is to provide criteria to effectively designembedded systems. To do this, it
pregents comfort criteria for the space served by embedded systems, heat’output calculation, dimensioning,
dynamic analysis, installation, operation, and control method of embedded systems.

© 1SO 2012 — All rights reserved Vv
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Building environment design — Design, dimensioning,
installation and control of embedded radiant heating and
cooling systems —
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itermination of the design heating and cooling capacity

Scope

part of ISO 11855 specifies procedures and conditions to enable the“heat flow in water ba
ling and cooling systems to be determined relative to the medium differential temperature for sy
rmination of thermal performance of water based surface heating and cooling system
ormity to this part of ISO 11855 is carried out by calculation imaccordance with design docun
el. This should enable a uniform assessment and calculation’ of water based surface heating

systems.

The)
den

Sity between water and space, the associated nominal medium differential temperature, and

5ed surface
stems. The
5 and their
hents and a
and cooling

surface temperature and the temperature uniformify’ of the heated/cooled surface, nominal heat flow

the field of

chafacteristic curves for the relationship between heat'flow density and the determining variables are given as
the fesult.

Thig part of ISO 11855 includes a generakmethod based on Finite Difference or Finite Element Methods and
simplified calculation methods depending.on position of pipes and type of building structure.

ThelISO 11855 series is applicable.to-water based embedded surface heating and cooling systems in
resifiential, commercial and industrial buildings. The methods apply to systems integrated into the yvall, floor or
ceiling construction without any epen air gaps. It does not apply to panel systems with open air gags which
are pot integrated into the building structure.

The|ISO 11855 series-also applies, as appropriate, to the use of fluids other than water as a heating or cooling
medium. The ISO 11855 series is not applicable for testing of systems. The methods do not apply {o heated or
chilled ceiling pafels or beams.

2 |Normative references

The| following referenced documents are indispensable for the application of this document)| For dated
refe ; ; referenced
document (including any amendments) applies.

ISO 11855-1:2012, Building environment design — Design, dimensioning, installation and control of

embedded radiant heating and cooling systems — Part 1: Definition, symbols, and comfort criteria

EN 1264-2, Water based surface embedded heating and cooling systems — Part 2: Floor heating: Prove

methods for the determination of the thermal output using calculation and test methods

© 1SO 2012 — All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11855-1:2012 apply.

4 Symbols and abbreviations

For the purposes of this document, the symbols and abbreviations in Table 1 apply.

Table 1 — Symbols and abbreviations

Symbo Unit Quantity
a — Parameter factors for calculation of characteristic curves
Ap m?2 Surface of the occupied area
Ap m? Surface of the heating/cooling surface area
AR m2 Surface of the peripheral area
b, — Calculation factor depending on the pipe spacing
B, Bg, B W/(m2.K) | Coefficients depending on the system
D m External diameter of the pipe, including sheathing-where used
d, m External diameter of the pipe
d, m Internal diameter of the pipe
dy, m External diameter of sheathing
ow kJ/(kg-K) | Specific heat capacity of water
hy W/(m2K) | Total heat exchange coefficient{(Convection + radiation) between surface and space
Ky W/(m2-K) | Equivalent heat transmission coefficient
K — Parameter for heat conducting devices
ksin — Parameter for heat.conducting devices
ke — Parameter fer\heat conducting layer
Ly m Width of heat conducting devices
L m Width of fin (horizontal part of heat conducting device seen as a heating fin)
Ly m Length of installed pipes
m — Exponents for determination of characteristic curves
my kg/s Design heating/cooling medium flow rate
n, ng — Exponents
q W/m?2 Heat flux at the surface
qA ‘VAVII'III') : :L‘;dt ﬂu}\ ;II thU uuuup;cd alca
dges W/m2 Design heat flux
s W/m? Limit heat flux
an W/m? Nominal heat flux
qr W/m? Heat flux in the peripheral area
q, W/mZ2 Outward heat flux
o m2.K/W Partial inwards heat transmission resistance of surface structure
u m2-K/W Partial outwards heat transmission resistance of surface structure
Ry g m2K/W | Thermal resistance of surface covering

2 © 1SO 2012 — All rights reserved
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Ry ins m2K/W | Thermal resistance of thermal insulation
Sh m In Type B systems, thickness of thermal insulation from the outward edge of the
insulation to the inward edge of the pipes (see Figure 2)
5| m In Type B systems, thickness of thermal insulation from the outward edge of the
insulation to the outward edge of the pipes (see Figure 2)
Sins m Thickness of thermal insulation
SR m Pipe wall thickness
sy m Thickness of the layer above the pipe
WL T T rickness of reatconducting device
S m Thickness of the screed (excluding the pipes in type A systems)
w m Pipe spacing
o W/(m2-K) | Heat exchange coefficient
05 max °C Maximum surface temperature
O, min °C Minimum surface temperature
6; °C Design indoor temperature
O °C Temperature of the heating/cooling medium
O °C Return temperature of heating/cooling medium
0y °C Supply temperature of heating/coolingsmedium
0y °C Indoor temperature in an adjacent'space
ABy K Heating/cooling medium differential temperature
ABY ges K Design heating/cooling medium differential temperature
ABy o K Limit of heating/cooling-medium differential temperature
ABy K Nominal heating/cooling medium differential temperature
A8y, K Heating/cooling'medium differential supply temperature
Aev‘des K Design heating/cooling medium differential supply temperature
A W/(m-K) Thermal conductivity
c K Temperature drop 0,, -0
[0} — Conversion factor for temperatures
U — Content by volume of the attachment burrs in the screed
5 |Concept of the method to determine the heating and cooling capacity
A given type of surface (floor, wall, ceiling) delivers, at a given average surface temperatureland indoor

temperature (operative temperature 6,), the same heat flux in any space independent of the type of embedded
system. It is therefore possible to establish a basic formula or characteristic curve for cooling and a basic
formula or characteristic curve for heating, for each of the type of surfaces (floor, wall, ceiling), independent of
the type of embedded system, which is applicable to all heating and cooling surfaces (see Clause 6).

Two methods are included in this part of ISO 11855:

— simplified calculation methods depending on the type of system (see Clause 7);

— Finite Element Method and Finite Difference Method (see Clause 8).

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=59d93607c4c45a794bc30dc3ebe46993

ISO 11855-2:2012(E)

Different simplified calculation methods are included in Clause 7 for calculation of the surface temperature
(average, maximum and minimum temperature) depending on the system construction (type of pipe, pipe
diameter, pipe distance, mounting of pipe, heat conducting devices, distribution layer) and construction of the
floor/wall/ceiling (covering, insulation layer, trapped air layer, etc.). The simplified calculation methods are
specific for the given type of system, and the boundary conditions listed in Clause 7 shall be met. In the
calculation report, it shall be clearly stated which calculation method has been applied.

In case a simplified calculation method is not available for a given type of system, either a basic calculation
using two or three dimensional finite element or finite difference method can be applied (see Clause 8 and

Annex D).
NOTE Ih addition, laboratory testing (for example EN 1264-2:2008, Clause 9) may be applied.
Based on the calculated average surface temperature at given combinations of medium (water) tempergture
and space |temperature, it is possible to determine the steady state heating and cooling capacity (see
Clause 9).
6 Heat exchange coefficient between surface and space
The relatiopship between the heat flux and mean differential surface temperature [see Figure 1 |and
Equations (/1) to (4)] depends on the type of surface (floor, wall, ceiling) and Wwhether the temperature ofl the
surface is Iqwer (cooling) or higher (heating) than the space temperature.
Heat flux q 300
(W1m?)
200 /
100
//,
Vi
A
a0 /‘
40 /’
20
7T
/ i
10
1 2 3 4 5 10 20 30
Mean differential surface temperature
(es,m - E)i ) inK
Figure 1 — Basic characteristic curve for floor heating and ceiling cooling
4 © 1SO 2012 — All rights reserved
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floor heating and ceiling cooling in Figure 1, the heat flow density ¢ is given by:

q = 8,92 (0g ; —0)"1 (W/m?2)

where
Osm Is the average surface temperature in°C;
6, is the nominal indoor operative temperature in °C.
Forlother types of surface heating and cooling systems, the heat flux ¢ is given by:

Wal
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NOT
con
surr
fixed
(forg
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Clalise A.3. For simplifications these calculations are based on the same heat exchange coeffici

coo
For
This
Coo

For
use

The)

heating and wall cooling: q=8(0gm—0i) (W/m?2)

ng heating: q =6 (185 ;m—0i ) (W/m?)

r cooling: q =7 (165 m —6i |) (W/m?2)

heat transfer coefficient is combined convection and radiation.

E In many building system simulations using dynamic computer émodels, the heat transfer is often
ective part (between heated/cooled surface and space air) and a radiant part (between heated/cooled su
bunding surfaces or sources). The radiant heat transfer coefficient may in the normal temperature range
to 5,5 W/m2K. The convective heat transfer coefficient depends‘on type of surface, heating or cooling
ed convection) or temperature difference between surface andtair (natural convection).

using the simplified calculation method in Annex A’ the characteristic curves present the he
tion of the difference between the heating/cooling medium temperature and the indoor temp
user of Annex A, this means not to do any calculations by directly using values of hea
ficients. Consequently, Annex A does ngbinclude values for such an application or speciz
htions concerning heat exchange coeffigients on heating or cooling surfaces.

5, the values a of Table A.12 of Anriex A are not intended to calculate the heat flux directly.
provided exclusively for the eonversion of characteristic curves in accordance with Equati

ing and ceiling heating, 6,5 W/m?K.
every surface heating,and cooling system, there is a maximum allowable heat flux, the limit h
is determined forya selected design indoor room temperature of 0; (for heating, often 20

ing, often 26 °C) at the maximum or minimum surface temperature 0 ., and a temperature d

the calculations, the centre of the heating or cooling surface area, regardless of the type o
i as a reference point for Og 5

(2)
(3)

split up in a
face and the
15-30 °C be
, air velocity

at flux as a
rature. For
t exchange
| details or

n fact, they
bn (A.32) in
ent for floor

eat flux ¢g.
°C and for
fop o =0K.

f system, is

the basic

average surface temperature, Og ., which determines the heat flow density (refer tg

cha

% W N [H | | ahlatlo H k. 4 4 o
dULTTIOUL "CUTVT ) 1S5 TITTIRTU WILIT  UTC  TTTIAATTTIUTTT UT T surtTduT  ICTTITPTT alurc. US m
s

05 m > Og min @lways applies.

S.max and.

The attainable value, Og ,, depends not only on the type of system, but also on the operating conditions
(temperature drop o = 0y, —0g, outward heat flow ¢,, and heat resistance of the covering R, g).

The

following assumptions form the basis for calculation of the heat flux:

heat transfer between the heated or cooled surface and the space occurs in accordance with the basic

characteristic curve;
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— the temperature drop o =0. The dependence of the characteristic curve on the temperature drop is
determined by using the logarithmically determined mean differential heating medium temperature A0,
[see Equation (1)];

— turbulent flow in pipe: H > 4000-%8_ .
di h-m

— no lateral heat flow.

7 Simplified calculation methods for determining heating and cooling capacityol
surface temperature

Two types ¢f simplified calculation methods can be applied according to this part of ISO 11855:

— one mé¢thod is based on a single power function product of all relevant parameters.developed from| the
finite element method (FEM);

— anothel method is based on calculation of equivalent thermal resistance between the temperature of the
heatingd or cooling medium and the surface temperature (or room temperature).

A given sysgtem construction can only be calculated with one of the simplified methods. The correct methdd to

apply depepds on the type of system, A to G (position of pipes, concréete or wooden construction) and| the
boundary copnditions listed in Table 2.

Table 2 — Criteria for selection of simplified calculation method

Pipe position :zgfeg: Figure Boundary conditions Re:::::gs °
In screed A C 2 a) W=0,060 ms,>0,01m 71
Thermally gecoupled from the structural 0,008 M<d<0,03m A2.2
base of the|building by thermal insulation s kg 20,01
In insulation, conductive devices B 2b) 0,05m<w<045m 71
Not woodgn constructions except-. for A23
weight bedring and thermal diffusion 0,014 m<d<0,022m
layer 0,01 m<s,/A, <0,18
Plane sectipn system D 2c¢) 71,
A24
In concretelslab E 4 St /w=0,3 7.2,
B.1
Capillar tubes in concrete surface F 5 d/w<0,2 7.2,B.2
Wooden constructions, pipes in sub floor G 6 Mt = 10 A roundingmaterial 7.2, Annex C
or under sub floor, conductive devices Sy %2 0,01

6 © 1SO 2012 — Al rights reserved
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Universal single power function

The heat flux between embedded pipes (temperature of heating or cooling medium) and the space is
calculated by the general equation:

g=8-[](a") 26y (Wim?) (5)
i
where
iaY H 4 <l pu | 4 ££2 o0 - NALLL 2.1\ Tl pu | <l +lo 4 £ 4
D od OyDLUIII UUPUIIUUIIL CUCTTIUICTTIUITT VVI\III l\). LILRLLES) UUPUI 1o UIT uic Lypc Ul oyal )
H(ai’”") is the power product, which links the parameters of the structure (surface covering, pipe
i spacing, pipe diameter and pipe covering).
Thig calculation method is given in Annex A for the following four types of systems:
— | Type A with pipes embedded in the screed or concrete (see Figure 2 and A'2.2);
— | Type B with pipes embedded outside the screed (see Figure 2 and A:2:3);
— | Type C with pipes embedded in the screed (see Figure 2 and A.2.2);
— | Type D plane section systems (see A.2.4).
Figyre 2 shows the types as embedded in the floor, but the.methods can also be applied for wall and ceiling
sysfems with a corresponding position of the pipes.
Thig method shall only be used for system configurations meeting the boundary conditions ligted for the
diffgrent types of systems in Annex A.
W
o —_—
L
!
S : v
O Q=
- !_ H"i o II_-' '\-_:I o ¥ L
I |
3~ II"'- -"IIII"-, ,"I""- I'.. -'Il I"'. .-"I“ll'-. -"ll'lll'-.
-, ' i _.'
fh. A ..="x _/ljh. A x /
f %\\\\\ \
\ N
Nkt
a) TypeAandC
Key
1 floor covering
2 weight bearing and thermal diffusion layer (cement screed, anhydrite screed, asphalt screed)
3 thermal insulation
4 structural bearing
© 1SO 2012 — All rights reserved 7
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)00000000000000000000000:¢

c) TypeD
Key
1 floor covering R,, B
2 weight bearing and thermal diffusion layer (cement screed, anhydrite screed, asphalt screed, timber)
3 thermal insulation
4  Pptructural bearing

Figure 2 — System types A, B and C covered by the method in Annex A

7.2 Thermal resistance methods

The| heat flux between embedded-pipes (temperature of heating or cooling medium) and the spacg or surface
is cdlculated using thermal resSistances.

The|concept is shown inCFjgure 3.

An equivalent resistance, Ry, between the heating or cooling medium to a fictive core (or heat| conduction
laygr) at the pasition of the pipes is determined. This resistance includes the influence of type df pipe, pipe
distance and:method of pipe installation (in concrete, wooden construction, etc.). In this way alfictive core
temperature-is”calculated. The heat transfer between this fictive layer and the surfaces, R; and H, (or space
and| neighbour space) is calculated using linear resistances (adding of resistance of the layers| above and
belgw thé heat conductive layer).

The equivalent resistance of the heat conductive layer is calculated in different ways depending on the type of
system.

This calculation method, using the general resistance concept, is given in Annex B for the following two types
of systems:

— Type E with pipes embedded in massive concrete slabs (see Figure 4 and B.1);

— Type F with capillary pipes embedded in a layer at the inside surface (see Figure 5 and B.2).

© 1SO 2012 — All rights reserved 9
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10

Figure 3 — Basic network of thermal resistance

v &
3 1 o
F -______-“_ :
5 corductive hyer E”:S 1 U.I .
: 9 /@ i
| q .
1 8(-5 1) e, T
fry
Space 2 &

Figure-4=— Pipes embedded in a massive concrete layer, Type E

a1
F!:Li
Ry e . 3
3 |
'; rﬂ I
##nnbnm’hndﬁﬂ{ﬁig
Ryl 1 -
E]

Figure 5 — Capillary pipes embedded in a layer at the inner surface, Type F
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This calculation method, using the general resistance concept, is shown in Annex C for pipes embedded in
wooden floor constructions using heat conducting plates (Figure 6).

Tobs wader Sentions

Figure 6 — Pipes in wooden constructions, TYPE G

Thel equivalent resistance of the conductive layer may also be\determined either by calculation psing Finite
Element Analysis (FEA) or Finite Difference Methods (FDM)_(see Clause 8) or by laboratory testirlg (as in, for
example, EN 1264-2:2008, Annex B).

8 [Use of basic calculation programmes

8.1| Basic calculation programmes
A numerical analysis by Finite Element Method or by Finite Difference Method shall be cgnducted in
accprdance with the state-of-the-art practice and the applicable codes and standards, in such a why that they
can|readily be verified. The calcufation programme used shall be verified according to Annex D.
Thel numerical analysis may-be used to calculate the heating and cooling capacity or the equivalent

resigtances. On basis of-the’equivalent resistances, the heating and cooling capacity is calculated |for different
temperature differences\between the surface and the room.

8.2| Items to.beincluded in a complete computation documentation

Thelfollowingritems are to be included in a complete computation documentation:

— |representation and documentation of the structure to be analysed, by means of the technicalal drawings,
diagrams and SKetcnes,

— indication of the material data used as a basis and the requisite data sources;

— description of load cases used as a basis, including substantiation by codes and standards;

— description and representation of the numerical model applied, indicating the mathematical and physical
basis, for example the element type, the shape functions, number of elements, nodes and degrees of

freedom;

— name, verification, if available, and origin of the computation programme;

© 1SO 2012 — Al rights reserved 11
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— description of the technical assumptions, simplifications and restrictions underlying the model.

9 Calculation of the heating and cooling capacity

In some of the described calculation methods, the heating and cooling capacity are determined directly (see
Annex A).

In other described calculation methods, the average surface temperature is determined and the heating and
cooling capacity is calculated according to:

9des = Tt (les,m - e||)

For evaluatjon of the performance of the system — and when calculating the total heating and ecooling pqwer
needed from the energy generation system (boiler, heat exchanger, chiller, etc.) — the heat_transfer aff the
outward (bgck) side shall also be considered. This heat transfer shall be regarded as a loss if-the outward gide
is facing the¢ outside, an un-conditioned space or another building entity, and it depends _on the tempergture
difference Ibetween the pipe layer as well as the heat transfer resistance to and the temperature in| the
neighbour gpace or outside.

12 © 1SO 2012 — Al rights reserved
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Annex A
(normative)

Calculation of the heat flux

General

The

Forfloor heating systems these results apply directly.

The

rooin (ceiling and wall heating). The method is also applicable for all the cooling‘surfaces (floor,
ing). This calculation method ['is based on the results obtained in A.2.2/A.2.3 and A.2.4. The change in
b same way

coo
the
as g

A.2

A.2

The)

basic calculation is done for reference heating systems (see A.2).

method described in A.3 enables the conversion of these results into results‘for other suri

surface thermal resistance AR =A(1/a) influences the temperature field-within the system in th
change in the thermal resistance of the surface covering AR, g!".

Reference heating systems

1 General

heat flux ¢ at a surface is determined by the following parameters:
pipe spacing W;

thickness s, and thermal conductivity Ag-of the layer above the pipe;
thermal conduction resistance R; g of covering;

pipe external diameter -=-d,, including sheathing (D = d),) if necessary and the thermal co
the pipe Ag and/or the-sheathing L. In the case of non-circular pipes, the equivalent diamete
pipes having the same-circumference is to be calculated (the screed covering shall be used |
The thickness and.the thermal conduction resistance of firmly deposited barrier layers up to a
0,3 mm shall notybe taken into consideration. In this case, D = d shall be used;

heat condugcting devices, characterized by the value K,y in accordance with A.3;

contact between the pipes and the heat conducting devices or screed, characterized by the fa

aces in the

ceiling, wall

nductivity of
r of circular
nchanged).
hickness of

ptor ay ;

the heat-conducting layer of the heating system is thermally decoupled by the thermal insulati
structural base of the building.

on from the

The heat flux is proportional to (A8y)" , where the temperature difference between the heating medium and
the room temperature is
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and where experimental and theoretical investigations of the exponent n have shown that:

1,0<n
Within the li
n=1

is used.

<1,05

mits of the achievable accuracy,

The heat flux ¢ is calculated by:

g=B-[]q/" 064 A.2)
i

where

B is a system-dependent coefficient in W/(m2-K). This depends on the type-of system;

lf[(aimi is a power product which links the parameters of the structure together (see A.2.2, A.2.3|and

! A.2.4).
A distinctiop shall be made between systems with pipes inside the screéd, systems with pipes below| the
screed and [plane section systems. Equation (A.2) applies directly for usual constructions.
A.2.2 Systems with pipes inside the screed (type A and type C)
For these systems (see Figure A.1), the characteristic curves are calculated by:

q=B-fig-ay" -a}V-apP - Ady (A.3)
where

B =By 6,7 Wm2K
The B-valugs are valid for a thermal eonductivity Az = AR0 = 0,35 W/(m-K) of the pipe and pipe wall thickness
SR = SR,O = da —d|)/2 = 0,002 m.
For other materials with different heat conductivity or pipe wall thickness or for sheathed pipes, B shall be
calculated ip accordance with‘A.2.6.
For a heatjng cement screed with reduced humidity, Az = 1,2 W/(m-K) shall be used. This value is plso
applicable tp levelling layers. If a different value is used, its validity shall be checked.
ap -surface covering factor in accordance with the following equation

1 Su,0
(04 /1u’ 0
ag = (A.4)
l+ %u,0 +R; B
[#4 E ?

where

a = 10,8 W/(m2.K);

Ao o =1 WI(m-K);
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su.0 =0,045m;

R, g s the heat conduction resistance of the floor covering, in m2-K/W;

AE is the heat conductivity of the screed, in W/(m-K);

Oy is the pipe spacing factor in accordance with Table A.1; o, = AR g);

oy is the covering factor in accordance with Table A.2; ay; = AW, R, );

op is the pipe external diameter factor in accordance with Table A.3; op = AW, R, ).

myy =1—% (A.5)
where

0,050 m < W< 0,375 m (where W is the pipe spacing);

my, = 100(0,045 —s,); (A.6)
where

s, = 0,010 m (where s, is the thickness of the layer above the.pipe);

mp = 250(D — 0,020) (A7)

applies where 0,008 m < D < 0,030 m (where D is théexternal diameter of the pipe, including sheathing where
usefl)
Equations (A.4) to (A.7) are valid for thickness of layer above pipe (inward) 0,065 m < s, gs,*, where:
sy* F 0,100 m for pipe spacing W < 0,200f;" s,* = 0,5 W for pipe spacing W > 0,200 m. The actua| spacing W
shall be used for calculation of s, alsolif 7 >0,375. For s, > s,*, the equivalent heat transfer coefficient is:
1
Ky = _ (A.8)
1 L Su—Su
H, sy= s; £

In Hquation (A.8)nKy, . _ - is the power product from Equation (A.3), calculated for a covering s| above the
pip8g. e
Thelheat flux is:

CIZKH‘AQH (Ag)
For pipe spacing W > 0,375 m, the heat flux is approximated by:

0,375
- ) A.10

9=40375" (A.10)
where

90375 Is the heat flux, calculated for a spacing # = 0,375 m.
The limit curves are calculated in accordance with Equation (A.18) (see A.2.5).
© 1SO 2012 - All rights reserved 15
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Limitation of the method:
Position of pipes
Pipe spacing W > 0,05 m

Covering s, >0,010 m

Pipe diameter 0,008 m <D < 0,03

0,01 < 5,/A<6;6-792

A.2.3 Systems with pipes below the screed or timber floor (type B)
For these gystems (see Figure A.2), the variable thickness s, of the weight bearing layer<and its varigble
thermal cor{ductivity Ag are represented by a factor «;. The pipe diameter has no effect. However, the corjtact

between th¢ heating pipe and the heat conducting device or any other heat distribution,device is an impoftant
parameter. [The characteristic curve is calculated from

q=B'zB-a\r7VW‘aU~aWL'aK'A9H (A11)

B=B,F 6,5 W/m2K

The B-valugs are valid for a thermal conductivity Ag = Aro = 035 W/(m-K) of the pipe and pipe wall thickness
SR = SR,O = da 'di)/2 = 0,002 m.

ag surface govering factor:

ag = L (A12)

W B-ay-awV -aw -ax - R;p - V)

With F(W) £ 1+ 0,44
o pipe spacing factor in accordance with Table A.6; a1 = f(s,/ Ag)

oy covering factor which is calculated in accordance with the following equation:

J,+~:ui,o
= A2
ay =3 5y (A.12a)
7_1,_7
a ﬂ“E
where
a = 10,8 W/(m2-K);

Ao =1 WI(MK);

su,0 =0,045m;
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aywL is the heat conduction device factor in accordance with Table A.8; ay = f(KwL.W.D)

ax is the correction factor for the contact in accordance with Table A.9; ay = f(W).

my =1- 0 I(/)V75 applies for 0,050 m < W < 0,450 m where W is the pipe spacing

characteristic value Ky, is:

(A13)

whe

If th
aw

The

For
For

The
cau
mar
and

The

Koo = SWLAWL + 0y Sy AE
Wt 0,125

re

by=fw) according to Table A.7;

syAg is the product of the thickness and the thermal condugtivity of the screed.

| according to Table A.8 shall be corrected to:
awL = AW, Ly =W ~(@WL Ly = = 9WL Ly =0)° [1 =8 2ALyy 1 W)+ 3, 4Ly W) =1, 2Ly | W
heat conduction device factors awL Ly =w a0d aw 1,,, -0 shall be taken from Table A.8.

L\ = W, tables for the characteristic yalue Ky, are directly applicable in accordance with Equ
Lwi = 0, Ky shall be constituted with'sy, = 0.

correction factor for the contact, ay , takes into account the additional heat transmissior]

ufacturing tolerances of thé pipes and conducting devices as well as on the care taken during
is therefore subject to.fluctuations in individual cases. Table A.9, therefore, gives average valu

limit curves ar€ calculated in accordance with Equation (A.18) (see A.2.5).

Limiitation of-the method:

Pos

tionr of’pipes

(A14)

S\WL AwL product of the thickness and the thermal conductivity of the heat conducting material;

e width Ly, of the heat conducting device is smaller than thevpipe spacing W, the value determined for

3} (A.15)

ation (A.14).

resistance

5ed by spot or line contaet'only between the pipe and the heat conducting device. This depgnds on the

installation
es for ay .

o-AL0

Pip

H FaWaY=dal hevd
oMyauviitg U, Uou 7 =V =VU,5JU TN

0,01 <5,/Ag <0,0792

A.2

.4 Plane section systems

The following equation applies to surfaces fully covered with embedded heating or cooling elements (see
Figure A.3):

q:B~aB~a\r7VW -ay - DGy

© 1SO 2012 - All rights reserved
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where: B = B, =: 6,5 W/m2.K

The B-values are valid for a thermal conductivity Ag = 4g o = 0,35 W/(m-K) of the pipe and pipe wall thickness
SR = SR,O = (da 'd|)/2 = 0,002 m.

ag surface covering factor:

1
ag =

- (A17)
1+B'au -a-’F’T 'Rﬂ,,B

a\’,”vW =1,06
ay covering factor in accordance with Equation (A.12a).

A.2.5 Limjits of heat flux

The procedpre for the determination of the limits of the heat flux is shown in principleywithin Figure A.4.
The limit qurve (see Figure A.4) gives the relationship between the specific thermal output and|the
temperaturg difference between the heating medium and the room for cases*where the maximum permisgible
difference petween surface temperature and indoor room temperaturé (9 K or 15K respectively; [see
Table A.13) is achieved.

The limit cufve is calculated using the following expression in farry-of a product:

The limit cupves are calculated by:

.BG.{ATfH} ° (418)

ASY

9G =
Where:
Bg s a coefficient in accordance-with:

or type A and C systéms: Table A.4.1 or A.4.2 depending on the ratio s, / Ag
or type B systems: Table A.10

or plang'section systems: Bg = 100 W/(m2K)

ng Is@n exponent in accordance with:

for type A and C systems: Table A.5.1 or A.5.2 depending on the ratio s,/ Ag

for type B systems: Table A.11

for plane section systems: ng =0

1] factor for conversion to any values of temperatures 6 o« and &:

18 © 1SO 2012 — Al rights reserved
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11
O max — 6 |"
g=|—mxX N\ with AG, =9K
Ad,

intersection of the characteristic curve with the limit curve is calculated from:
1
1-ng
B
DO =¢-| ——2—o
© e
T 7 ]

(A.19)

(A.20)

The

whe

and

fo

whe

For

limit curves for type A and C systems, for 7> 0,375 m, are calculated according to:

0,375m )
w

/e

4G = 9G,0,375

DGy =A04Go375 fo
re

4G: 0,375 is the limit heat flux, calculated for a spacing W,=\0,375 m;

94, G.0375 Is the limit temperature difference between-the heating medium and the room
for a spacing W= 0,375 m.

L 1,0 for U <0,173
w

0,375m | _20-(s,/w-0,173)?
9dGmax —| 4Gmax ~ 4G,0,375" W e

Jo= 0,375m
qG,O,375 : W

for Su 5 0,173
w

re

(A.21)

(A.22)

, calculated

(A.23)

9 Ggmax isothe maximum permissible heat flux in accordance with Table A.13, calculated for an

isothermal surface temperature distribution using the basic characteristic curve (
with (9F m~ al) = (‘9F, max ~ 9|)

type B systems, Equations (A.11) and (A.12) apply directly, when the pipe spacing # and the

Figure A.1),

width of the

hea

<L, H pu | H L Ll | L h» PN | L £ Ll lo P
UIrmiuosIivIT UTVIUC L alc uic odailic. T Ul Ly 144 urc vaiuc Ul UIC 1TiITal 1TUA = A2
WL WL~ 7> TG, Ly = W

accordance with Equation (A.11), shall be corrected using the following equation:

awL

where

496 =~ 4G, Ly =W
AWL, Ly =W W
WL Lor = W is the heat conduction factor in accordance with Table A.8;
» WL
awL is the heat conduction factor, calculated in accordance with Equation (A.15).

© 1SO 2012 - All rights reserved
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The limit temperature difference between the heating medium and the room A8y 5 remains unchanged as

For AHH HF max

w.

—-6,=9K, p=1and R, g =0, the limit heat flux g is designated as the heat flux, gy,

and

the associated heatmg medium differential temperature Agy is designated as the nominal heating medium
differential temperature, A6 .

The maximum possible value of the heat flux, 4G max: for isothermal surface temperature distribution lies on
the basic characteristic curve (see Clause 6, Figure 1, where Or 1, = O max = Osmax )-

If values o
interpolatio

A.2.6 Infllience of pipe material, thickness of the pipe wall and pipe sheathing on the‘heat

flux
The values
AR =0,35

to turbulent

a_1
B B
If the pipe
conductivity

1_1
B B
Where firm
<0,3mm.

Equation (A

Within the fange of turbulent tube-flows including the transition area, limited alterations of the heat excha

coefficient

s and linearization, c}G = q6,max Shall be applied.

Wi/(m-K), a wall thickness sg o = 0,002 m and a heat exchange coefficientinside the pipe accor

y deposited layers exist, the conversion of the factors need not be considered for thickn
n this case, Equation (A.25) shall be used. In cases with air gaps within the sheath
.26) only applies if a valid average value 4, including the air gaps is available.

o not require consideration. In rare cases of application with laminar tube flow, howeve

ions,

of factor B, given above for Equations (A.3) and (A.11) are valid for a pipe*thermal conductivity

Hing

tube flow oy, =2 200 WI/(m2 K). For other materials (see Table E.1)with a thermal conducfivity
of the pipe material Ag or other wall thickness sg, the factor B shall be determined by:

-+ﬂ-n(a.”’i)-W- T da T da (A25)

T i ! ZlR da —2SR 2/1R,0 da _2SR,O

has an additional sheathing with an external diameter dy;, an internal diameter d, and a heat

of the sheathing 4,,, the following equations apply:

-+ﬂ-n(a.’”i).W. N, gy da 1 du (A.26)
T i ! 2/1M da ZAR da 7 2SR ZAR,O dM - 2SR,O

ess
ing,

nge
r,a

correction ghall be performed.-Given such a case with a laminar heat exchange coefficient ¢, the folloying
expanded Version of the above-noted equation shall be used:
l=_1_+ﬂ.17(a_’”i).W.
B By m. i\
1 ! 4 4 4 4 1
In a__ _ In a (A.25a)
2ir da-25R 2/Rg da-25R0 am(dy—25R) @wum(d, —25Rp)
AL 17( ) W
B B T i I
T pda 1 Y L - 1 (A.26a)
2/1M dy 20 dy-25m 220 dM~25R0  Xam(da—2s5R)  awrb(dm —2sRp)

20
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In these equations, a4, =2 200 W/(m2K) and a,,, = 200 W/(m2K). Both values are average values. To
characterize if the flow is turbulent or laminar the Reynolds-equations can be used Re =w-d /v, where d is
the internal diameter of the pipe, w is the average velocity of the flow and v is the kinematic viscosity of the
water with an average value of 8,0*10~7 m2/s. Laminar flow is recognized if Re < 2 320 applies.

A.2

.7 Thermal conductivity of screed with fixing inserts

For type A systems, the thermal conductivity in the screed is changed by inserts such as attachment studs or
similar components. If their volume percent in the screed amounts to 15 % > > 5 %, an effective thermal
conductivity of the component, A¢ ., shall be used for calculations:

whe

A.2

The
acc

whs

dg=(1-y) A +y - A

re

Ag  is the thermal conductivity of the screed

Aw  is the thermal conductivity of the attachment studs

W is the volume ratio of the attachment studs in the screed.

8 Downward heat loss

downward specific heat loss of floor heating systems, towards rooms under the system is g
pbrdance with the following equation:

1
qu=—"Rs-q+6,-6,)
RU

re

qy is the downward specific heat loss;

g is the heat flux of the floor heating system;

u is the downwards partial heat transmission resistance of the floor structure;
o is the upwards partial heat transmission resistance of the floor structure;
6 isdhesstandard indoor room temperature of the floor heated room;

6y is the indoor room temperature of a room under the floor heated room.

(A.27)

alculated in

(A.28)

whe

RO=1+RlB 4 ou
[24 ’ A’U

re

1/ = 0,0926 m2-K/W

Ru = Rk,ins + Rk,ceiling + Rk,plaster + Ra,ceiling

© 1SO 2012 — All rights reserved
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where

R

a,ceiling

=0,17 m2.K/W

In the special case of & = ¢, the simple Equation (A.31) applies.

=q-— A.31
qu =49 R, (A.31)
A.3 Heatjng and cooling surfaces embedded in floors, ceilings and walls
The calculation method!'l is based on the results obtained in A.2.2/A.2.3 and A.2.4 of this part of 1ISO 11855.
The methodl enables the conversion of these results into results for other surfaces in the room/(ceiling Jand
wall heating). The method is also applicable for all the cooling surfaces (floor, ceiling, wall' cooling). [The
change in the surface thermal resistance AR = A(1/a) influences the temperature filedwithin the systefn in
the same way as a change in the thermal reS|stance of the surface covering AR, B[ﬂ This is based on| the
assumption| that all other boundary conditions are unchanged and that the dew pomt is not reached. [This
leads to Eqpation (A.32).
Ky=Kuy(AR,,R, )= X Froor (A.32)
! AR ot Rip K Fioor
1+ (—= -1
RAB H,Floor
The gradignt of the characteristic curve Ky [Equation (A}38)] is also referred to as equivalent heat
transmissioh coefficient. The characteristic curve (see Figures'A.5 and A.6) gives the relationship betweer] the
heat flux ¢ aind the temperature difference A, betweenthe heating medium and the room (heating sysfem)
or between [the room and the cooling medium (coolingsystem):
q= KHAQH (A33)
where
Ky=Ky(AR, R, B) is the~gradient of the characteristic curve [see Equation (A.33)] of|the
heating/cooling system which shall be calculated, with the actual thefmal
resistance of the covering R;g >0 an the respective value AR, (see
Table A.12);
K4 FloofKH Floor(Ry:8=0) is the gradient of the characteristic curve of the same system with|the
thermal resistance of the covering R, g =0 obtained from A.2.2/A.2.3 jand
A.2.4;
K4 Flobr=B"H Floor(R™2.B) is the gradient of the characteristic curve of the same system with a higher
thermal resistance of covering R, g > R, g, obtained from A.2.2/A.2.3 and
A.2.4. In this annex, generally R*, g = 0,15 m*K/W applies;
AR is the additional thermal transfer resistance to be calculated for the surface

AR, = 1/a-1/10,8 m*K/W

in question [see Equation (A.34) and Table A.12].

(A34)

In the case of wall heating and cooling systems, the results of the calculation method described above
stringently are valid only for heating or cooling surfaces which fully cover the respective wall. But the accuracy
is also sufficient for cases where the wall is partially covered.

22
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A.4 Figures and tables

1 ax::__ ) - A
o o
S

N\
Key

1 floor covering R, g

2 weight bearing and thermal diffusion layer A (cement screed, anhydrite screed, asphalt screed). The thickness
between the pipes and the insulation layer is in the range of 0 mm to 10 mm.

3 thermal insulation
4  structural base

Figure A.1 — Systems with pipes inside the screed (type A and type C)
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1\:.
N
3~

Key

1 floor covering R, g

2 weight bearing layer Az (cement screed, anhydrite screed, asphalt screed, timber)
3 heat diffusion device

4 thermal insulation

5 structural base

Figure A.2 — System with pipes below the screed (type B)
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)000000000000000000000000

Key

1 floor covering R, g

2 weight bearing and thermal diffusion layer Az (cement screed, anhydrite screed, asphalt screed, timber)
3 thermal insulation

4  ptructural base

Figure A.3 — Systems with surface elements (plane section systems, type D)
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Figure A.4~~/Procedure in principle for determination of limits for heat flux
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Figure A.5 — Field of characteristic curves of a heating system
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Figure A.6 — Field of characteristic curves of a cooling system
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For all tables, intermediate values shall be interpolated with the aid of a natural cubic spline function.

28

Table A

Table A.1 — Pipe spacing factor o, for types A and C systems

Ry B
( 2K’/W) 0 0,05 0,10 0,15
m

oy 1,23 1,188 1,156 1,134

Table A.2 — Covering factor ¢, depending on pipe spacing 7 and thermal
resistance R, g of the surface covering for types A and C systems

R:B
(mzk/W) 0 0,05 0,10 0,15

(Z) Covering factor ¢

0,05 1,069 1,065 1,043 1,037

0,075 1,066 1,053 1,041 1,035
0,1 1,063 1,05 1,039 1,0 335
0,15 1,057 1,046 1,035 1,0 305
0,2 1,051 1,041 10315 1,0 275

0,225 1,048 1,038 1,0 295 1,026
0,3 1,0 395 1,031 1,024 1,021

0,375 1,03 1,0 221 1,018 1,015

\.3 — Pipe external diameter factor o depending on thermal resistance R g of the floor]
covering and the pipe spacing 7 for types A and C systems

R;B
(m2KIW) 0 0,05 0,10 0,15
w Pipe external diameter factor ¢,
(m) D
0,05 1,013 1,013 1,012 1,011
0,075 1,021 1,019 1,016 1,014
0,1 1,029 1,025 1,022 1,018
0,15 1,04 1,034 1,029 1,024
0,2 1,046 1,04 1,035 1,03
0,225 1,049 1,043 1,038 1,033
0,3 1,053 1,049 1,044 1,039
0,375 1,056 1,051 1,046 1,042
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Table A.4 Coefficient BG depending on thickness s, and pipe spacing /¥ for type A and C systems

The table is split into two depending on the ratio Zu

E

Table A.4.1 — Coefficient B for ;—“ <0,0792

E
syl g e crona | ccoao | apase | ocuea loporeo | o occor | oonorn
(nLZ-K/W) 6564 6;0-268 6;6-292 6;0-375 6;0458 6;0-542 ;6625 6;6-768 0,0 792
(r”r’:) Bg (W/m?K)
0,05 85,0 91,5 96,8 100 100 100 100 100 100
0,075 75,3 83,5 89,9 96,3 99,5 100 100 100 100
0,1 66,0 75,4 82,9 89,3 95,5 98,8 100 100 100
0,15 51,0 61,1 69,2 76,3 82,7 87,5 91,8 95,1 97,8
0,2 38,5 48,2 56,2 63,1 69,1 745 81,3 86,4 90,0
0,225 33,0 42,5 49,5 56,5 62 67,5 75,3 81,6 86,1
0,3 20,5 26,8 31,6 36,4 41,5 47,5 57,5 65,3 72,4
0,375 11,5 13,7 15,5 18,2 245 27,5 40,0 491 58,3
Table A.4.2 — Coefficient B for /SI_: >0,0792
syl W Bg (W/m2K)
0,173 27,5
0,20 40,0
0,25 57,5
0,30 69,5
0,35 78,2
0,40 84,4
0,45 88,3
0,50 91,6
0,55 94,0
0,60 96,3
0,65 98,6
0,70 99,8
>0,70 100
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Table A.5 — Exponent ng depending on thickness s, and pipe spacing ¥ for type A and C systems

The table is split into two depending on the ratio /SI—“

E

Table A.5.1 — Exponent ng for ;—“ <0,0792

E
+ 0,01 0,0 208 0,0 292 0,0 375 0,0 458 0,0 542 0,0 625 0,0 708 0,0 792

(Z) e

0,05 0,008 0,005 0,002 0 0 0 0 0 0
0,075 0,024 0,021 0,018 0,011 0,002 0 0 0 0

0,1 0,046 0,043 0,041 0,033 0,014 0,005 0 0 0

0,15 0,088 0,085 0,082 0,076 0,055 0,038 0,024 0,014 0,006

0,2 0,131 0,13 0,129 0,123 0,105 0,083 0,057 0,040 0,028
0,225 0,155 0,154 0,153 0,146 0,13 0,11 0,077 0,056 0,0401
0,2 625 0,197 0,196 0,196 0,19 0,173 0,15 0,110 0,083 0,06R

0,3 0,254 0,253 0,253 0,245 0,228 0,195 0,145 0,114 0,086
0,3 375 0,322 0,321 0,321 0,31 0,293 0,260 0,187 0,148 0,116
0,375 0,422 0,421 0,421 0,405 0,385 0,325 0,230 0,183 0,14p

30

Table A.5.2 — Exponent g for ;—“ >0,0792

E

sg W ng
0,173 0,320
0,20 0,230
0,25 0,145
0,30 0,097
0,35 0,067
0,40 0,048
0,45 0,033
0,50 0,023
0,55 0,015
0,60 0,009
0,65 0,005
0,70 0,002
>0,70 0
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Table A.6 — Pipe spacing factor ¢, for type B systems

syl A
uE 0,01 0,02 0,03 0,04 0,05 0,06 0,08 0,1 0,15 0,18
(m2K/W)
ay 1,103 1.1 1,097 1,093 1,091 1,088 1,082 1,075 1,064 1,059
Table A.7 — Factor 5, depending on pipe spacing ¥ for type B systems
(nn:) 0,05 0,075 0,1 0,15 0,2 0,225 0,3 0,375 0,45
b, 1 1 1 0,7 0,5 0,43 0,25 0,1 0
Table A.8 — Heat conduction device factor oy, depending on pipe spacing ¥, pipe externrl diameter
D and characteristic value Ky, for type B systems (the table is split into six for differenf values of
Ky )

Table A.8.1 — Heat conduction device factor ¢y, for.characteristic value K, =0

(ﬁ) 0,022 0,020 0,018 0,016 0,014

w

(m) AL

0,05 0,96 0,93 0,9 0,86 0,82
0,075 0,8 0,754 0,7 0,644 0,59
0,1 0,658 0,617 0,576 0,533 0,488
0,15 0,505 0,47 0,444 0,415 0,387
0,2 0,422 0,4 0,379 0,357 0,337
0,225 0,396 0,376 0,357 0,34 0,32
0,3 0,344 0,33 0,315 0,3 0,288
0;375 0,312 0,3 0,29 0,278 0,266
0,45 0,3 0,29 0,28 0,264 0,25

Table A.8.2 — Heat conduction device factor ¢, for characteristic value X, =0,

(ﬁ) 0,022 0,020 0,018 0,016 0,014
w
(m) AL
0,05 0,975 0,955 0,930 0,905 0,88
0,075 0,859 0,836 0,812 0,776 0,74
0,1 0,77 0,76 0,726 0,693 0,66
0,15 0,642 0,621 0,6 0,58 0,561
0,2 0,57 0,55 0,53 0,51 0,49
0,225 0,54 0,522 0,504 0,485 0,467
0,3 0,472 0,462 0,453 0,444 0,435
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0,375

0,46

0,446

0,434

0,421

0,411

0,45

0,45

0,44

0,43

0,42

0,41

Table A.8.3 — Heat

conduction device factor o, for characteristic value K, =0,2

(g) 0,022 0,020 0,018 0,016 0,014

w

(m) AL

0,05 0,985 0,97 0,955 0,937 0,92
0,075 0,902 0,893 0,885 0,865 0,845
0,1 0,855 0,843 0,832 0,821 0,81
0,15 0,775 0,765 0,755 0,745 0,735
0,2 0,71 0,703 0,695 0,688 0,68
0,225 0,685 0,678 0,67 0,663 0,655
0,3 0,615 0,608 0,6 0,592 0,585
0,375 0,58 0,573 0,565 0,558 0,55
0,45 0,57 0,565 0,56 0,555 0,55

Table A.8.4 — Heat conduction device factor oy, for characteristic value Xy, =0,3

(ﬁ) 0,022 0,020 0,018 0,016 0,014

w

(m) Gy

0,05 0,99 0,98 0,97 0,96 0,95
0,075 0,94 0,935 0,93 0,925 0,92
0,1 0,92 0j915 0,91 0,905 0,9
0,15 0,855 0,855 0,855 0,855 0,855
0,2 0,8 0,8 0,8 0,8 0,8
0,225 0,79 0,79 0,79 0,79 0,79
0,3 0,72 0,72 0,72 0,72 0,72
0,375 0,69 0,69 0,69 0,69 0,69
0445 0,68 0,68 0,68 0,68 0,68

32
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Table A.8.5 — Heat conduction device factor ¢y, for characteristic value X, =0,4

ISO 11855-2:2012(E)

(ﬁ) 0,022 0,020 0,018 0,016 0,014

w

(m) AL

0,05 0,995 0,99 0,985 0,978 0,97
0,075 0,96 0,962 0,963 0,964 0,965
0,1 0,94 0,94 0,94 0,94 0,94
0,15 0,895 0,895 0,895 0,895 0,899
0,2 0,86 0,86 0,86 0,86 0,86
0,225 0,84 0,84 0,84 0,84 0,84
0,3 0,78 0,78 0,78 0,78 0,78
0,375 0,76 0,76 0,76 0,76 0,76
0,45 0,75 0,75 0,75 0,75 0,75

Table A.8.6 — Heat conduction device factor gy, -for characteristic
value Ky, > 0,5 (o no longer dependent on D)

K 0,5 0,6 0,7 0,8 0,9 1,0 0

w

(m) Gy

0,05 0,995 0,998 1 1 1 1 1
0,075 0,979 0,984 0,99 0,995 0,998 1 1,01

0,1 0,963 0,972 0,98 0,988 0,995 1 1,02
0,15 0,924 0,945 0,96 0,974 0,99 1 1,04
0,2 0,894 0,921 0,943 0,961 0,98 1 1,06
0,225 0,88 0,908 0,934 0,955 0,975 1 1,07
0,3 0,83 0,87 0,91 0,94 0,97 1 1,09
0,375 0815 0,86 0,90 0,93 0,97 1 1,1
0,45 0,81 0,86 0,90 0,93 0,97 1 1,1

Ky >t
I:aWL:' _ KWL
Kwi=
awL = [4wL —( awL ~L9wL )
N Lowi S, ~Lowi T
Table A.9 — Correction factor for the contact ¢y for type B systems
(Z) 0,05 0,075 0,1 0,15 0,2 0,225 0,3 0,375 0,45
oK 1 0,99 0,98 0,95 0,92 0,9 0,82 0,72 0,60
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Table A.10 — Coefficient 5; depending on Xy, and pipe spacing ¥ for type B systems

(Z) 0,05 | 0,075 0,1 0,15 0,2 0,225 0,3 0,375 | 045
Kwi Bg (W/m2K)

0,1 92 86,7 79,4 64,8 50,8 45,8 27,5 9,9 0
0,2 93,1 88 81,3 67,5 54,2 49 31,8 15,8 2.4
0,3 94,2 89,5 83,3 70,2 57,6 52,5 36 21,3 7,0
O 954 907 85:2 799 668 56 #4072 2577 +19
0,5 96,6 92,1 87,2 75,6 64,1 59,3 444 30 16,6
0,6 97,8 93,7 89,2 78,3 67,3 62,6 48,6 34,1 211
0,7 98,7 95 91 81 70,6 66,3 52,8 38,5 25,5

0,8 99,3 96,3 93 83,7 74 69,7 57 42,8 29,6
0,9 99,8 97,7 95 86,3 77,2 73 61,2 47 33,6

1,0 100 98,5 96,5 89 80,7 76,6 65,4 51,4 37,3
1.1 100 99,3 97,8 91,5 84 80 69,4 55,6 40,9
1,2 100 99,6 98,5 93,8 87,2 83,3 73,2 59,8 44,3
1,3 100 99,8 99,3 95,8 90 86,3 76,6 63,8 47,5
1.4 100 100 99,8 97,5 92,5 89 80 67,3 50,5
1,5 100 100 100 98,6 94,8 91,7 83 71 53,4

TTbIe A.11 — Exponent n¢ depending on:Xy,, and pipe spacing /7 for type B systems

(j::) 0,05 0,075 0,1 0,15 0,2 0,225 0,3 0,375 0,45
K ne

0}1 0,0029 0,017 0;032 0,067 0,122 0,151 0,235 0,333 1
012 0,0024 0,015 0,027 0,055 0,097 0,120 0,184 0,288 0,725
013 0,0021 0;013 0,024 0,048 0,086 0,104 0,169 0,256 0,482
014 0,0018 0,012 0,022 0,044 0,08 0,095 0,156 0,228 0,38
015 0,001% 0,011 0,02 0,04 0,074 0,088 0,143 0,204 0,31
016 ;06012 | 0,0099 0,018 0,037 0,067 0,082 0,131 0,183 0,25
07 0,0009 | 0,0087 0,016 0,033 0,061 0,074 0,118 0,162 0,21

4 4
O TUTOU00 s i i \*pAvie) \ pAvie i) TTO007 s

0,9 0,0003 | 0,0062 0,012 0,027 0,049 0,06 0,095 0,126 0,165
1,0 0 0,005 0,01 0,024 0,044 0,053 0,083 0,11 0,143

1,1 0 0,0038 0,008 0,021 0,038 0,046 0,072 0,096 0,121
1,2 0 0,0025 0,006 0,018 0,032 0,038 0,063 0,084 0,107
1,3 0 0,0012 0,004 0,015 0,027 0,034 0,054 0,073 0,093
1.4 0 0 0,002 0,012 0,022 0,029 0,047 0,063 0,080
1,5 0 0 0 0,009 0,02 0,025 0,04 0,055 0,070
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Table A.12 — Additional thermal transfer resistance

NOT

The
the
dep

The
diffe

user

Con
con

Thu
exc
sha
thes
the

Refi
give
tem
this
spe
Ref

Case of application Wi ¢, ARo = 12/a - 1710.8

(m=-K) m=-K/W

Floor heating 10,8 0,000 0
Floor cooling 6,5 0,061 3
Wall heating 8 0,032 4
Wall cooling 8 0,032 4
Ceiling-heating 8,5 00613
Ceiling cooling 10,8 0,0000

E Explanations concerning the intension and the specification of the heat exchange coefficients of T

calculation method of A.2 takes into account the heat transfer on the heating surface in acco

characteristic curves determined according to this annex present’ the heat flux as a fun
rence between the heating/cooling medium temperature and th€ indoor temperature. This m

sequently, this annex does not include values for suchyan application or special details

cerning heat exchange coefficients on heating or cooling:surfaces.

usively for the conversion of characteristic curves\in accordance with Equation (A.32). Such

able A.12

rdance with

Basic Characteristic Curve (see Clause 6, Figure 1). This curve implicates a heat exchangg coefficient
ending on the temperature difference between the surface and the Standard Indoor Temperatu

e @

ction of the
ans for the

of the annex, not to do any calculations by directly using values of heat exchange foefficients.

r equations

s, the values a in Table A.12 are not intended to calculate the heat flux directly. In fact, they dre provided

conversion

| be performed considering the temperature ¢onditions of the respective value of the heat flu§ or close to

© 1SO 2012 — All rights reserved

e conditions. This means that, in this annex, the value « of an application has to be specified according to
respective range of temperature.
brence [4] deals with the heat transfer between heating or cooling surfaces and the room. Thig publication
s special attention to the case if the operative indoor temperature Bl is the reference value pf the room
pberature. The "sensed" indoorfemperature @ has a homogeneous definition and is used for feference in
part of ISO 11855 (denomination: Standard Indoor Temperature). The values a of Table A.12 are
cified in best compliance’ with the respective temperature ranges and the conclusion$ drawn in
brence [4].
Table A.13 — Values for g5 5 depending on &g 5, and 6,
OF max 6; 4G, max
(°C) (°C) (W/m?)
29 20 100 occupied area
33 24 100 bathroom and similar
35 20 175 peripheral area
35
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Annex B
(normative)

General resistance method

B.1 General equations

This annex
parameters
transfer in {
resistances

The resista

The influen
resistance (

Ry

R,

where

Ry

outlines a basic calculation method using “linear” thermal resistances. In this way the impo
for the heat transfer are highlighted. In addition, a clear distinction is made betweenthe
he structure and the heat transfer between surface and space. However, some of the.equiva
may be determined by finite element or finite difference methods.
nce network is shown in Figure B.1 and B.2.

ces of the pipe type (diameter, wall thickness, material), pipe spacing,.water flow rate and
f the conductive layer are included in the virtual resistance Ry

F R+ R+ R,

is the resistance between the supply temperature @, @nd the average temperature of the

conductive layer 6_?L .

is the Fiktive resistance between the supply temperature @, and the average temperature of t
heating medium;

is the resistance between the fluid“and the pipe wall (1/Ay);
is the resistance of the pipé wall;

is the resistance between the pipe outside wall temperature and the average temperature of th
conductive layer.

state conditions_the resistance R, is determined by:

1

_U1+U2
1

tant
heat
lent

the

B.1)

e

B.2)

J |

where

mH,sp

c

36

'SP

T \II\P
1 .
L [RW+RT+RX+(]1+1]2}.’"H,SP.CJ

is the specific design heating or cooling fluid mass flow (related to the pipe covered area) in kg/s;

is the specific heat capacity of the heating or cooling fluid;
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U; is the heat transfer coefficient between the conductive layer and the space side i=1 or i=2

(including the heat transfer coefficient ¢ given in Clause 6).

The steady state heat flows into the adjacent spaces are determined by the following (see Figure B.1):

q1= Ry T R11R, TR [R, (62 —61)+ Ry (6, —64)] (B.3)
27 pr s R41R, g = 0) R0, 0] =4
where
0, is the supply temperature of the heating or cooling medium;
0, is the mean temperature of the conductive layer;
0,, is the mean heating or cooling medium temperature.

8"::-
g
R s
9, R‘,L !__ :
G————1§,
K
Regp =
§

Figure B.2 — Overall resistance network

B.2 Calculation of R; for pipes embedded in massive concrete (steady state
conditions)

Dimensions and other relevant parameters for this construction are given in Figure B.3.
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Figure B.3 — Pipes embedded in massive concrete:slab

q=Ky- Aoy
Where Ky for type E and type F is:

1
(Ry R, + Ry + Ry)

KH:

By turbulent flow of the medium inside the pipe (R > 2300), R is calculated according to:

0,87
o 013 (g 2.5
Y407\ riygp !

=

The resistance of the pipe wall R isdefined through:

il
R, = dy—2-5¢

- 2.7

B.5)

B.6)

and the resjstance R between the pipe outside wall and the conductive layer can be described approximately

according ttP:

W-In[ " J
R, m-dy

ST 24
Limitation of method

The approximation of R is valid for

si W>0,3andd,/ W<0,2

(B.7)
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For other configurations, R, can be determined by finite element or finite difference calculations.

The heat transfer coefficient U; is calculated according to:

Ui =11 (hi+_J (®.8)

i A

The corresponding resistances are:

g (B.9)

whdre

MH sp is the specific design heating or cooling fluid mass flow (related to the pipé covered arga);

c is the specific heat capacity of the heating or cooling fluid;
w is the pipe spacing;

dg is the outside diameter of the pipe;

Sy is the pipe wall thickness;

/ is the length of the pipe circuit;

Ao is the conductivity of the construction (concrete);

A is the conductivity of the pipe wall.

B.3 Calculation of R for capillary pipes embedded in a layer at the inner surface
(steady state conditions)

Dimensions and other relevant parameters for this construction are given in Figure B.4.

I ,I
= — Rib.
| IIJ"
! I | r'll By -'-'l-'i T
"""'I'.' . l-.-"l--r'r-'\'- e s s =]
& - S d
a f ] |
6. | L=~ ' |
e s _.-'".':-\,,.-'."':: W I
¥ == 1.'\- -rl- n-:l-r\- o -rn- -r\-:';i-j:-l.n-.
Iig‘ﬂ R,
.- SR (R

Figure B.4 — Pipes embedded in layer at inside surface
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For laminar flow of the medium inside the pipe (Re < 2 300), R is calculated according to:

7 c- W)\ 3
Ry = w .{49,03+4,17.i.Mj (B.10)

7T Ay T Aw

Resistance of the pipe wall R, is defined through:

vl 4
do=25,

R, = 11
r 2.7 A \ )
and the resjstance R, between the pipe outside wall and the conductive layer can be described aecording fp:
13,
72' .
Ry =—+——22 B.12
X 2.4 ( )

The heat transfer coefficients U; and U, are calculated according to:

Uy=1f| LSt nl2 (H.13)
h A A
and
Uy =1 (iﬁ'/zj (B.14)
hy A

The correspgonding resistances are:

R - (B8.15)

1
U]

The resistance network is shown in Figure B.5.

9
1

| |

Ry || |

!

0\, [{f ; ]

(& > U |
R L 2

Figure B.5 — Resistance network
where

MH sp is the specific design heating or cooling fluid mass flow (related to the pipe covered area) (kg/s);
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cC is the specific heat capacity of the heating or cooling fluid;
w is the pipe spacing;

dj is the outside diameter of the pipe;

Sp is the pipe wall thickness;

A is the conductivity of the rib layer material,

A is the conductivity of the pipe wall;

Aw is the conductivity of the heating or cooling fluid

Ap is the conductivity of the construction material (concrete).
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Annex C
(normative)

Pipes embedded in wooden construction

C.1 Field of application

The calculgtion method in this annex is intended for use primarily with water based surface heating
cooling sysfems in conventional wooden joist floor structures and other similar lightweight structures.

characterisfic of these structures is that they are built up from layers of materials having relatively'low the
conductivity, with the heat being distributed horizontally (or vertically, in walls) mainly by thetatal condug
metal shegts or fins/fins with high thermal conductivity. The corresponding charactéristics of 9
arrangemeits (i.e. not using heat distribution plates) can be determined by laboratory tests. This calculs

method is

Annex A shpll be used instead.

C.2 Dete

C.21 Aprp
The calcula
the floor/ws
means that
the surroun

If other deg
Annex E.

C.2.2 The

The heat ¢
shown in Fi

Heat transp
Figure C.1,

CO

ne

the thermal\resistance above the heat conducting layer, from the heat conducting plate to

th

G

t applicable to embedded heating and cooling systems in concrete floors, for which the methg

mination of heat exchange by calculation
licability

fion model employed in this part of ISO 11855 assumes that transverse conduction of heat thrg
ll/ceiling structure depends primarily on the presence and effect of heat conducting plates.

ding layers. See the requirements in C.2.4.4 4\

ign arrangements are used, the characteristics shall be determined by testing as describe

calculation model — General

bnducting layer plays a central part in the calculation model used for heated floor structures
gure C.1.

ort through the floor structure depends on a large number of constituent components, as show
but it can be simplified to the three thermal resistances shown diagrammatically in Figure C.1:

hditioned room, R;.

and
Dne
mal
ting
ther
tion
din

ugh
This

the thermal conductivity of the heat conducting plates shall be considerably greater than that of

d in

. as

nin

the

ighbour room or to the outdoor air, R,.

the thermal resistance from the heating medium to the heat conducting layer, Ryc.

These thermal resistances can be determined by calculation or by testing. The nodes shown in Figure C.1
represent the indoor temperature, the temperature in a neighbour room, ground or outside, the temperature of
the pipe and the average temperature in the heat conducting layer.

42
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Figure C.1 — Heat transfer through the floor-structure expressed as a network of thermal resistance

C.2|3 Calculation procedure for determination of equivalent heat transmission coefficient
C.2]3.1 General

Thig calculation procedure-comprises determination of:

— maximum heéat flow density to the room (see C.2.3.2);

— mean temperature of the heating or cooling medium (see C.2.3.3);
— eQuivalent heat transmission coefficient (see C.2.3.4).

Sed €-2.4 for the calculation procedure for components and element characteristics.

C.2.3.2 Maximum heat flow density to the room

C.2.3.21 Maximum or minimum permissible surface temperature

Recommended maximum or minimum surface temperatures (0, ,ax -9s min ) @re given in Annex G.
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C.2.3.2.2

Maximum or minimum permissible mean floor surface temperature

The maximum permissible mean floor surface temperature is given by:

max
gs,m -

ei = kCL '(Hs,max,min - gi) °C

(C.1)

where k¢, is the equivalent coefficient of thermal conductivity for the heat conducting layer, in accordance with

C.244.2.

C.2.3.23

Limitation of maximum heat flow density to the room

The maxim

C.233 M

max,m
9H

The mean t
C.234 E
Somewhat
q; =Ky
where
Ky
Aby =
Calculate th
Ky =

and the eqy

im heat flow density is given in Clause 6.

aximum/minimum permissible mean temperature of the heating or cooling medium
in _ 6. +qimax,min '[Ri +1'RHCJ °C
n

bmperature of the heating medium shall never exceed this temperature.

puivalent heat transmission coefficient
s5implified, the heat output to the room can be described by.the expression:

i+ A6y Wim?2

is the equivalent coefficient of thermial conductivity;
O — 6, is the differential temperature of the heating or cooling medium.

e equivalent coefficient of thérmal conductivity towards the space from:
1/ (Ryc + Rj) Wim2°C

ivalent coefficientef'thermal conductivity towards the back-side from:

= 1/(RHC +Re) W/m2 °C

-~ max,min

(d4a)

(d.4b)

44

1 W/m2°C

eﬁnax,mln )

(C.4c)
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C.2.4 Calculation procedure for components and element characteristics

C.2.4.1 General

This calculation procedure comprises determination of:

— thermal resistance above the heat conducting layer (see C.2.4.2);

— thermal resistance on the back-side of the heat conducting layer (see C.2.4.3);

See

C.2

C.2

Cal
follg

C.2

If th
resi

If th

Low

C.2

41 1 ;b s 41 1 & 4l 1 4 ! m 1 /L OO 4 AN
— UICIar reslsidarivec DTUWCCTTT UIC TITEdl SUUTLT AallU UI1T TISdl CUTTUULLTTY 1dyTl (S€C LU.2.9.9).

C.2.3 for the calculation procedure for determination of equivalent heat transmission coe€fficien
4.2 Thermal resistance above the heat conduction layer

4.2.1 Thermal resistance of material layers

tulate and add up the thermal resistance of the various layers of matefial-in the upper part of
WES

d:
Ry = Zz_j m2 °C/W

J

4.2.2 Contact resistance

e heat conducting plates are not in perfect thermal contact with the floor materials, there will &
stance. For a normal design of heat conducting*plates, this resistance is given by:

Reoni = 0,15 m2 °C/W

e heat conducting plates are carefully shaped and are bonded to the floor materials, then:
Reoni =0,10 m2 °C/W

er values of thermal-contact resistance may be used if indicated by results of testing (EN 1264
4.2.3 Boundary layer thermal resistance at the floor surface

Ry :hi m2 °C/W

the floor as

(C.5)

e a contact

2).

wh

e

h.

]
(heating or cooling), as described in Clause 6.

C.2.4.2.4 Total thermal resistance

The

total thermal resistance from the heat conducting layer to the room is given by:

R; =Ry + Roonj + Rsj M2 °C/W

© 1SO 2012 - All rights reserved

(C.6)

is the heat transfer coefficient, depending on the type of surface (floor, wall, ceiling) and the mode

(C.7)
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