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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pa
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Dimensioning and calculation of the dynamic heating and cooling capacity of Thermo Ad
g Systems (TABS)

Installation
Control

ifies the comfort criteriawhich should be considered in designing embedded radiant hea
b systems, since the-miain objective of the radiant heating and cooling system is to saf

and cooling cdpacity. Part 3 specifies design and dimensioning methods of radiant heating
tems to ensuréethe heating and cooling capacity. Part 4 provides a dimensioning and calcula
design Thermo Active Building Systems (TABS) for energy saving purposes, since rad
1 cooling*Systems can reduce energy consumption and heat source size by using renew

energy. Pai
proper co

nErol method of the radiant heating and cooling systems to ensure the maximum performa
which was Tntended in the design stage when the system 1s actually being operated in a bullding.

iv

t 5<addresses the installation process for the system to operate as intended. Part 6 shoy

't 2.

nal
ing.
lies

t of

ign,

tive

fing
isfy

mfort of the occupants. Part 2 provides steady-state calculation methods for determination of

and
fion
ant
hble
VS a

nce

© ISO 2012 - All rights reserved


https://standardsiso.com/api/?name=d1aeea641697751fa936099069739c72

ISO 11855-3:2012(E)

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 structure.
Therefore, the panel system with open air gap, which is not integrated with the building structure, is
not covered by this series.

Theg ISO 11855 series shall be applied to systems using not only water but also other fluids o1 electricity
as g heating or cooling medium.

The object of the ISO 11855 series is to provide criteria to effectively design embedded sysfems. To do
thid, it presents comfort criteria for the space served by embedded systems, fteat output ¢alculation,
dimensioning, dynamic analysis, installation, operation, and control methodrof-embedded systems.

© IS0 2012 - All rights reserved \%
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INTERNATIONAL STANDARD

ISO 11855-3:2012(E)

Building environment design — Design, dimensioning,
installation and control of embedded radiant heating and
cooling systems —

Part 3:
1 [Scope
Thip part of ISO 11855 establishes a system design and dimensioning method€e-€nsure the heating and
cooling capacity of the radiant heating and cooling systems.
The ISO 11855 series is applicable to water based embedded surface:heating and cooling fsystems in
residential, commercial and industrial buildings. The methods apply.to:Systems integrated infto the wall,
flogr or ceiling construction without any open air gaps. It does not @pply to panel systems with open air
gappk which are not integrated into the building structure.
The ISO 11855 series applies also, as appropriate, to the use of fluids other than water as a|heating or
cooling medium. The ISO 11855 series is not applicable fortesting of systems. The methods do not apply
to heeated or chilled ceiling panels or beams.
2 |Normative references
The following referenced documents are indispensable for the application of this document. For dated
refgrences, only the edition cited applies- For undated references, the latest edition of the [referenced
document (including any amendmentsj-applies.
EN 12831, Heating systems in buildings — Method for calculation of the design heat load
EN 15243, Ventilation for buildings — Calculation of room temperatures and of load and energy fpr buildings
with room conditioning systems
[SO|11855-1, Building-environment design — Design, dimensioning, installation and control of embedded
radfant heating aiid cooling systems — Part 1: Definition, symbols, and comfort criteria
[SO|11855-2Building environment design — Design, dimensioning, installation and control of embedded
radjant heating and cooling systems — Part 2: Determination of the design heating and cooling|capacity
3 |Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 11855-1 apply.
4 Symbols and abbreviated terms
For the purposes of this document, the symbols and abbreviations in Table 1 apply.
Table 1 — Symbols and abbreviated terms

Symbol Unit Quantity
Af m?2 Area of the heating/cooling surface
© IS0 2012 - All rights reserved 1
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Table 1 (continued)

Symbol Unit Quantity
Ap m?2 Area of the occupied heating/cooling surface
AR m?2 Area of the peripheral heating/cooling surface
Cw J/(kg-K) Specific heat of medium
Kn W/(m2-K) |Equivalent heat transmission coefficient
Ip m Distance between the joists
lw m Thickness of the joist
M kg/s Design heating/cooling medium flow rate
Qdes W/m?2 Design heat flux
qdes,A W/m?2 Design heat flux in the occupied area
ddes,R W/m?2 Design heat flux in the peripheral area
qcG W/m?2 Limit heat flux
(max W/m?2 Maximum design heat flux
Qdes w Design heating/cooling capacity
0N W Design heating/cooling load
ON,s w Design sensible cooling load
QN1 w Design latent cooling load
Qout W Heat output of supplementagy heating equipment
Ro (m2 K)/W |Partial inwards heat trapsimission resistance of the surface structurg
Ry (m2 K)/W |Partial outwards heattransmission resistance of the surface structufe
RAB (m2-K)/W |Thermal resistance of surface covering
RAins (m2-K)/W |Back side thermal resistance of insulating layer
Sins m Effective thickness of thermal insulating layer
w m Pipe spacing
h W/(m?2 K) |Heattransfer coefficient
Ains W/(m:K) . {Effective thermal conductivity of the thermal insulation layer
Ai W/(mKJ\~/| Thermal conductivity of the thermal insulation layer between the joifts
Aw W/(mK) |Thermal conductivity of the joist
OF max K Maximum surface temperature
OF min °C Minimum surface temperature
6; °C Design indoor temperature
Or °C Return temperature of heating/cooling medium
Ov °C Supply temperature of heating/cooling medium
Ov.des °C Design supply temperature of heating/cooling medium
ABy K Heating/cooling medium differential temperature
ABH des K Design heating/cooling medium differential temperature
ABH G K Limit of heating/cooling medium differential temperature
ABy des K Design heating/cooling medium differential supply temperature
o K Temperature drop/rise between supply and return medium
2 © IS0 2012 - All rights reserved
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5 Radiant panel

5.1 Floor heating systems

5.1.1 Design procedure

Floor heating system design requires determining heating surface area, type, pipe size, pipe spacing, supply
temperature of the heating medium, and design heating medium flow rate. The design steps are as follows:

Step 1:

Calculate the design heating load Qn. The design heating load Qy shall not include the adjacent

Step 2:

Step 3:
SteI 4:

Step 5:

Step 6:

Step 7:

heat losses. This step should be conducted 1n accordance with a standard for heatin
calculation, such as EN 12831, based on an index such as operative temperature\(0’]
ISO 11855-1).

Determine the area of the heating surface Ar, excluding any area covered-by immov|
objects or objects fixed to the building structure.

Establish a maximum permissible surface temperature in accordance with ISO 118

Determine the design heat flux gges according to Equation (})=For floor heating sys
including a peripheral area, the design heat flux of periphetal area gges r and the d¢
flux of occupied area qges,a shall be calculated respectively on the area of the perip
ing surface AR and on the area of the occupied heating surface Ax complying with E

2).

Q
Ades =A_:

ON =qdesR AR T ddesa - AA

For the design of the floor heating systems, determine the room used for design wif
maximum design heat flux@niax = qdes-

Determine the floor heating system such as the pipe spacing and the covering type,
design heating medium differential temperature A8y des based on the maximum de|
flux gmax and the maximum surface temperature g max from the field of characteri
according to 1ISO_11855-2 and 5.1.7 in this part of ISO 11855.

If the desigh-heat flux qges cannot be obtained by any pipe spacing for the room use|

g load
[) (see

hble

b5-1.
fems
sign heat

heral heat-
quation

)

(2)
h the

and
sign heat
stic curves

d for the

designyitis recommended to include a peripheral area and/or to provide supplementary heat-

ing equipment. In this case, the maximum design heat flux gmax for the embedded s
now.occur in another room. The amount of heat output of supplementary heating e
Qout is determined by the following equation:

ystem may
Juipment

Qout =0n—0Ques

(3

Step 8:

Step 9:

where design heating capacity Qqes is calculated by:
Qdes = ddes X AF

Determine the backside thermal resistance of insulating layer R) ins and the design
medium flow rate m (see 5.1.6 and 5.1.8).

Estimate the total length of heating circuit.

© IS0 2012 - All rights reserved
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If intermittent operation is common, the characteristics of the increase of the heat flow and the surface
temperature and the time to reach the allowable conditions in rooms just after switching on the system

shall be considered.

5.1.2 Heating medium differential temperature

Heating medium differential temperature Afy is calculated as follows (refer to ISO 11855-2):

0, -0
a0, =252 ®
ln \Y% i
Oy =0,
In this equption, the effect of the temperature drop of the heating medium is taken into account.

5.1.3 Characteristic curve

The charag
differentia
medium di

q =K,

where Ky i
type of the

5.1.4 Fidld of characteristic curves

The field o
contain th
Ry B=0,05
RyB>0,15

5.1.5 Lin

The limit

relationship between the heating medium differential temperature Afy and the heat flux g in the ¢

where the
i.e. the det
temperatu
in arange

0K<o

teristic curve describes the relationship between the heat flux g and the-heating med

fferential temperature Afy:

-AB,

s the equivalent heat transmission coefficient determinediin ISO 11855-2 depending on
system.a

f characteristic curves of a floor heating system with a specific pipe spacing W shall at 1
e characteristic curves for values of the_thermal resistance of surface covering R g
Ryp=0,10 and Ry g = 0,15 (m2K/W), in agcordance with ISO 11855-2 (see Figure 1). Valug
(m2K/W) shall not be used if possible.

it curves

urves in the field of characteristic curves describe, in accordance with ISO 11855-2,

bhysiologically agreedlimit values of surface temperatures are reached. For design purpg
brmination of desigmvalues of the heat flux and the associated heating medium differer
e AG, the limit cupves are valid for temperature drop between supply and return mediu
Df:

<5K

temperature Afy. For simplicity, the heat flux g is taken to be proportional to the heat

um
ng

e

(6)

the

past

s of

the
ase
ses,
tial
Im o

(7)

The limit d

urves are used to QpﬂFiF}I the limit of hnafing medium differential temperature AAy ¢

supply temperature (refer to Figure 6).

© ISO 2012 - All rights reserved
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| R;p=0 005 01 0,15

/L

4= G = 175 Wm?

(ef,max - 8;)=1 5Ka

Ay

1

/S

9= G max = 100 Wm?

(ef,max - 8;)=9 Kb

A K
Key
1 |limit curves
2 |performance characteristic curves
a  |Peripheral area.
b

Occupied area.

Figure 1 — Field of characteristic curves, including limit curves for floor heating, for
constant pipe spacing

Thip example is for floor heafihg, indoor temperature = 20 °C and the maximum temperatyre is 29 °C
(ocqupied areas) and 35 °C {peripheral area). For bathrooms (the indoor temperature is 24 °(), the limit
curye for (O max — 0i) =.9K)also applies.

5.1/6 Downwards thermal insulation

resistance of\the insulating layer R, ins shall be specified in the design to be not lower than the value in

In a{rder to limit'the heat flow through the floor towards the space below, the required back side thermal
Tabje 2 inISO 11855-4:2012.

For[systems which have a flat insulating layer (Types A, B, C, D and G in ISO 11855-2), th¢ back-side
thermal resistance of the insulating layer R} ins is calculated by Equation (8).

S.
R/l,ins = lllns (8)
ins

Depending on the construction of the floor heating system, the effective thickness of thermal insulating
layer sjns and effective thermal conductivity of the thermal insulation layer Ajns are determined differently.

For floor heating systems with flat thermal insulating panels of types A and C in [SO 11855-2:2012, the
effective thickness of thermal insulating layer sjys is identical to the thickness of the thermal insulation,
and the effective thermal conductivity of the thermal insulation layer Ajys is identical to the thermal
conductivity of the thermal insulation [Figure 2 a)].

© IS0 2012 - All rights reserved 5
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For the system with profiled thermal insulating panels of type B in ISO 11855-2:2012 [Figure 2 b)], the
effective thickness of the insulating layer shall be determined by Equation (9).

_sp-(W=D)+s,-D
ms W

(9)

For the system with the light wooden radiant panel on the joist of type G in SO 11855-2:2012 [Figure 2
c)], the effective thickness of thermal insulating layer sjns is identical to the thickness of the thermal
insulating panel, and the effective thermal conductivity of the thermal insulation layer Ajys is:

-1, 5 I 10)
T + W LA L
IP Ip

Ains =i
where:

Ai is thermal conductivity of the thermal insulation layer between the joists;

Aw is thermal conductivity of the joist;

I, is fhe distance between the joist (see Figure 5);

Iy, is the thickness of the joist (see Figure 5).

For type Glsystems with air cavities see Annex C and E in ISO 118552:2012.

Key

1 floor cqvering

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

4 structural bearing

Figure 2 — Effective thickness and effective thermal conductivity of thermal insulating layer of
flat thermal insulating panel — Types A and C

6 © IS0 2012 - All rights reserved
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DO000000000000000000000(J
- K

Sins

H-&-w S
/S S

1 [floor covering L
2 |weight bearing and thermal diffusion layer (cement, anhydrite, oerQalt screed)
3 [plane section
4 |thermal insulation \\Q
5 [structural bearing s\Q
\\QQ)

Figure 3 — Effective thickness and effective thermal conductivity of thermal insulating layer of
flat thermal ig@lating panel — Type D

xO
l .‘\(‘}‘

AN
L}_D W

ové)%\ 5\ &
R

—

A Y

Key

1 floor covering

2 weight bearing and thermal diffusion layer (cement, anhydrite, or asphalt screed; timber)
3 heat diffusion devices

4 thermal insulation

5  structural bearing

Figure 4 — Effective thickness and effective thermal conductivity of thermal insulating layer of
profiled thermal insulating panel — Type B
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Fing layers of a floor heating shall comply with the, miniimum thermal resistances give
ilding codes.

5.1.7 Pro¢cedure for determining the supply design.temperature of the heating medium

The desigy
maximum
(carpet, til
resistance
temperatu
the room i

supply temperature of the heating medium 6y ges is determined for the room with
design heat flux gmax = qdes- In the roems being heated, it is assumed that floor cover
s, acoustic plates, etc.) with a uniform thermal conduction resistance are used. The ther
of the covering used for the desigh'shall be documented. For the room used for design,
e drop between supply and return medium o < 5K is specified. If necessary, a subdivisi
hto heating circuits shall be-performed. Under these conditions, the maximum design

flux gmax npay reach until the limit heat flux q¢ (see Figure 6).

b

" of

N in

the
ngs
mal
the
of
at

For the rogm with gmax, a pipe-spacing is chosen with which gmax remains less than or equal to the ljmit
heat flux qf;, specified by the\imit curves: (qmax < qg; see Figure 6). In case of gmax < qg, design heafing
medium differential supply-temperature is Ay des < Ay, + 2,5 K. The maximum permissible degign
heating mgdium differential supply temperature is determined by Equation 11:
”n ” G I
9V,des = GH,des +E (11)
where ” O ges <" O
Equation (11) applies if /A0y < 0,5. For the ratio (6/A8y) > 0,5, the following applies:
c c?
"0 ="0 +—t— 12
V,des H,des 2 12" QH,des ( )

The temperature drop o in Equations (11) and (12) in Figure 3 is designated to be gqes.

© ISO 2012 - All rights reserved
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‘ ABy ges
AB ges = ABp o
Key
1 |limit curve
Figlire 6 — Determination of the design supply temperature difference and temperatyre drop o;j
for the other rooms
Theresult ofEguation (11) or (12) provides the design supply temperature, 8y 4. =" Oy ges 1 6; -
For[all otheér rooms operated at the same supply temperature 6y 4es, the associated temperdture drops
for fletermining the water flow for (0j/A6y,j ) < 0,5 shall be plotted from the field of characteristic curves
(sedEigure 6) or calculated according ta:
Oj
? = Aevbdes - AQHJ (13)
© IS0 2012 - All rights reserved 9
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1
4(" 9V,des =" eH,j) 2 1| k

o=3" 9H,j 1+ 3 QH.
))

(14)

using the heating medium differential temperatures A6y j corresponding to the respective values of the
heat flux gj. For (oj /ABy ;) > 0,5, the temperature drop oj is calculated as follows.

NOTE Equations (11) and (13) are the result of simplifications and therefore they are valid only under the
specific condition, ¢ /” §;; <0,5. Compared to this, Equations (12) and (14) generally are applicable, i.e. for any

relationship; o/ Oy

If the valu¢ gqes cannot be obtained under the aforementioned conditions by any pipe spacing, for|the
room used|for the design, it is recommended to include a peripheral area and/or to provide.alternafive
additional |heating surfaces. The additional heating surfaces shall be selected to suit the purpose pnd
location. Ir} this case, the maximum design heat flux qmax for the embedded system miay’'now occyr in
another ropm.

5.1.8 Pr¢cedure for determining the design heating medium flow rate

[tis recomimended to design for the same flow rate for heating and for cooling:In this way, no adjustménts
of balancing valves, etc., are required when switching between heatingland cooling. One way to change
the flow rdte between heating and cooling is to apply a circulation-pump with different settings. [The
design heating medium flow rate m of a surface heating circuit is.calculated as follows (see Figure 7):

m:ﬁq 1.}.&4_@ 15)
O Fw Ru

cw is the specific heat capacity of water; cyw = 4 190']/(kg-K) Using this value together with g
in[W/m?2 in Equation (15), m is provided inkg/s.;

R, is the upwards partial heat transmission resistance of the floor structure [see Equation (14)];

R, isthe downwards partial heat transmission resistance of the floor structure [see Equation

ans
0; 1isthe standard indoor room’temperature in accordance with ISO 11855-2;

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

With respdct to the thermal resistances indicated in Figure 7, the following equations are valid:

1 S I
R,==1#R; g+=% 16
(0] h A,B lu S )
Ru =Rl it Ry i+ Ry o Ry e 17)
s Leeilin o plaster T s coilin o
where:
1/h is the heat transfer resistance on the heating floor surface; 1/h = 0,0 093 (m2-K)/W;
Rn,ceiling 1s the heat transfer resistance on the ceiling under the floor heated room; R ceiling =
0,17 (m2-K)/W.
NOTE The calculation procedure above described on the basis of Figure 7 is to be understood as a principle

one. For other structures, an appropriate modification may be necessary.

10 © IS0 2012 - All rights reserved


https://standardsiso.com/api/?name=d1aeea641697751fa936099069739c72

ISO 11855-3:2012(E)

_ 0 1/h

R . ~ memm R R R T S, I R B R o
e ] 7
7 / 727
= Z r > I R ins
N
’(19 R u
R u (b .
4 ceiling
\ . A plaster
Los\ Rh,oefﬁng

QE)
Figure 7 — Model of a floor construction wi\t;\\goor heating system installed

b

The partial inwards heat transmission resistance e surface structure R, covers the imward heat

conduction and heat transmission resistances, and\the partial outwards heat transmission rg¢sistance of

thelsurface structure R, covers the back-side héat conduction and heat transmission resistgnces (refer

to Rp and Ry in Annexes A and B in ISO 11858— :2012).
b

5.1)9 Peripheral areas ~\C\)j‘~

The area of the peripheral heating'surface Agr with an increased surface temperature (for exdmple up to
a mpximum of 35 °C) is gener &g‘ituated along the outer walls of a room with a maximum wjdth of 1 m.

As 1escribed in 5.1.5, desig eripheral areas is based on the higher limit curve, Ogmax - 6ifF 15 K (see
Figiire 1). In case a series circuit is formed with a heating circuitin the occupied area, the tempefature drop
in the peripheral area be selected so that the supply temperature, calculated from the [lower limit

curye, is not exceedqga entry of the heating medium from the peripheral area into the occupied area.

Q

5.2| Ceiling ting systems

5.211 &C@Sal

It is %lommended to apply the descriptions for floor heating system given in 5.1 for ceiling heating
system accordingly (in the respective wordings replace “floor heating” by “ceiling heating”) with
exception of 5.1.5 for limit curves.

5.2.2 Limit curves

Physiological limitations concerning the surface temperatures of ceiling heating systems depend on
geometrical conditions, i.e. in practice on the respective application. Therefore, in this part of ISO 11855,
only average conditions can be taken into consideration. Consequently it is emphasized that in practical
engineering the real conditions shall be taken into account.

For geometrical conditions of usual flat rooms, a maximum amount for the average temperature of the
ceiling heating surface shall be decided based on the asymmetry of the surface temperature between
the ceiling surface and the other parts surface (refer to ISO 11855-1), e.g. Ogm = 33 °C is applicable,

© IS0 2012 - All rights reserved 11


https://standardsiso.com/api/?name=d1aeea641697751fa936099069739c72

	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	Symbols and abbreviated terms
	5	Radiant panel
	5.1	Floor heating systems
	5.2	Ceiling heating systems
	5.3	Wall heating systems
	5.4	Floor cooling systems
	5.5	Ceiling cooling systems
	5.6	Wall cooling systems
	Bibliography

