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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.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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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 structure.
Therefore, the panel system with open air gap, which is not integrated with the building structure, is
not covered by this series.

The ISO 11855 series is applicable to water-based embedded surface heating and coolirlng systems
in Huildings. The ISO 11855 series is applied to systems using not only water but alse_other fluids or
eledtricity as a heating or cooling medium. The ISO 11855 series is not applicable for testing pf systems.
Thg methods do not apply to heated or chilled ceiling panels or beams.

The object of the ISO 11855 series is to provide criteria to effectively design.embedded sys§ems. To do
thid, it presents comfort criteria for the space served by embedded systems, heat output ¢alculation,
dimensioning, dynamic analysis, installation, control method of ,embedded systems, [and input
parpmeters for the energy calculations.

The ISO 11855 series consists of the following parts, under«he general title Building epvironment
design — Embedded radiant heating and cooling systems:

— |Part 1: Definitions, symbols, and comfort criteria
— |Part 2: Determination of the design heating and cooling capacity
— |Part 3: Design and dimensioning

— |Part 4: Dimensioning and calculation of-the dynamic heating and cooling capacity of Th4rmo Active
Building Systems (TABS)

— |Part 5: Installation
— |Part 6: Control
— |Part 7: Input parameters fot the energy calculation

[SO[11855-1, this documrent, specifies the comfort criteria which should be considered if] designing
embedded radiant heating and cooling systems, since the main objective of the radiant heating and
cooling system is to satisfy thermal comfort of the occupants. ISO 11855-2 provides steady-state
caldulation meth¢ds for determination of the heating and cooling capacity. ISO 11855-3 specifies design
and dimensioning methods of radiant heating and cooling systems to ensure the heating gnd cooling
cappcity, ¥50711855-4 provides a dimensioning and calculation method to design Thermo Active
Building Systems (TABS) for energy saving purposes, since radiant heating and cooling systems can
redi€exenergy consumption and heat source size by using renewable energy. ISO 11855-5 ad{iresses the
installation process for the systeim to operate as intended. IS0 11855-b 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. I[SO 11855-7 presents a
calculation method for input parameters to ISO 52031.
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INTERNATIONAL STANDARD ISO 11855-1:2021(E)

Building environment design — Embedded radiant heating
and cooling systems —

Part 1:
Definitions, symbols, and comfort criteria

1 (Scope

This document specifies the basic definitions, symbols, and comfort criteria for embedded radiant
heafing and cooling systems.

2 |Normative references

The following documents are referred to in the text in such a wdy that some or all of their content
conptitutes requirements of this document. For dated referenees;”’only the edition cited dpplies. For
undated references, the latest edition of the referenced documeént (including any amendments) applies.

[SO[11855-5:2021, Building environment design —Embeddedxadiant heating and cooling systems — Part 5:
Installation

3 |Terms and definitions
For|the purposes of this document, the following terms and definitions apply.

[SO|and [EC maintain terminological databases for use in standardization at the following addresses:

— |ISO Online browsing platform: available at https://www.iso.org/obp

— |IEC Electropedia: availahle at https://www.electropedia.org/

3.1
additional thermal resistance
thermal resistance €epresenting layers added to the building structure and acting mostly ps thermal
resistances because)of their own low thermal inertia

EXAMPLE Garpets, moquette, and suspended ceilings.

3.2
average.specific thermal capacity of the internal walls
thetmal capacity related to one square metre of the internal walls

Note 1 to entry: Since internal walls are shared with other rooms, then just half of the total specific thermal
capacity of the wall shall be taken into account, since the second halfis influenced by the opposite rooms that are
considered to be at the same thermal conditions as the one under consideration.

3.3

average surface temperature

85 m

average value of all surface temperatures in the occupied or peripheral area (3.62)

© IS0 2021 - All rights reserved 1
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3.4
basic characteristic curve

curve reflecting the relationship between the heat flux (3.31) and the mean surface temperature
difference (3.47)

Note 1 to entry: This depends on the heating or cooling and the surface (floor, wall or ceiling) but not on the type
of embedded system.

3.5
calculation time step
length of time considered for the calculation

Note 1 to er]try: This is typically assumed to equal 3 600 s.

3.6
circuit
section of ystem connected to a distributor (3.25) which can be independently switch€d and controlled

3.7
circuit totpl thermal resistance
thermal refistance representing the circuit (3.6) as a whole, determining a straight connection between
the water inlet temperature and the mean temperature at the pipe level (3.63)

Note 1 to erftry: It includes the water flow thermal resistance (3.92), the convection thermal resistance at the pipe
inner side (3.10), the pipe thickness thermal resistance (3.66), and the pipe {evel thermal resistance (3.64).

3.8
clothing insulation
resistance fof a uniform layer of insulation covering the entire body that has the same effect on sendible
heat flow as the actual clothing under standardized (static, wind-still) conditions

Note 1 to enfry: The definition of clothing insulation alsp.includes the uncovered parts of the body, e.g. the hedd. It
is specified ps the intrinsic insulation from the skin to'the clothing surface, not including the resistance provided
by the air layer around the clothed body, and is expréssed in the clo unit or in m2K/W; 1 clo = 0,155 m2K/W.

3.9
conductive region of the slab
region of the slab (3.75) that includés)the pipes with thermal conductivities of the layers higher than
0,8 W/(m-K)

Note 1 to enptry: Due to the subdivision of the slab into an upper slab and a lower slab, the conductive regiqn is
also subdivided into an upperieghductive region and a lower conductive region.

3.10
convection thermalylesistance at the pipe inner side
thermal refistanee-associated to the convection heat transfer taking place between the water flowing
in the pipe|and the pipe inner side, thus connecting the mean water temperature along the circuit (B.6)
with the miean temperature of the pipe inner side

3.11
convective heating and cooling system
system that directly conditions the air in the room for the purpose of heating and cooling

3.12

convective peak load

maximum cooling load to be extracted by a virtual convective system used to keep comfort conditions
in the room

3.13
design cooling capacity

QH,c

thermal output by a cooling surface at design conditions

2 © IS0 2021 - All rights reserved
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3.14

design cooling load

QN’C . . . . . . . . .
required thermal output necessary to achieve the specified design conditions in outside summer design
conditions

3.15

design sensible cooling load

required sensible thermal output necessary to achieve the specified design conditions in outside
summer design conditions

3.1
design supply temperature of heating medium

Oy
valye of flow water temperature with the thermal resistance of the chosen floor covering, a maximum
valye of heat flux g,

Note 1 to entry: The flow and the supply temperature are the same throughout the EN"1264 series.

Note 2 to entry: For the radiant cooling system, the design supply temperature'of/cooling medium applies instead
of design supply temperature of heating medium.

3.1Y
desjign heat flux

qged
heaf flow divided by the heating or cooling surface, taking into account the surface tgmperature
reqpired to reach the design thermal capacity of a surface heated or cooled space, Qy, redyced by the
thefmal capacity of any supplementary heating or ¢goling equipment, if applicable

3.18
desjign heating capacity

Qu

thermal output from a heating surface (3133) at design conditions

31
desjign heating load
QN’l 0 . LN - 0 0 . 0 . .

reqpired thermal output néceSsary to achieve the specified design conditions in outside winter design
confditions

Note 1 to entry: When'calculating the value of the design heat load, the heat flow from embedded heatling systems
intolneighbouring r‘ooms is not taken into account.

3.20
desjign heating medium differential temperature

AGY 4

te 'pgi‘ature difference of heating medium at design heat flux (3.17)

3.21

design cooling medium differential temperature

Aec,des

temperature difference of cooling medium at design heat flux (3.17)

3.22

design heating medium differential supply temperature

AGV,des

temperature difference between the design supply medium temperature and indoor temperature at
design heat flux (3.17)

© IS0 2021 - All rights reserved 3
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3.23

design heating medium flow rate

my

mass flow rate in a circuit (3.6) which is needed to achieve the design heat flux (3.17)

Note 1 to entry: The design cooling medium flow rate is similar with the only difference being that it has an

embedded r

3.24

adiant cooling system.

design indoor temperature

6.

1

operative t
load and cz

Note 1 to en
calculationd

3.25

distributor

common C

3.26
draught
unwanted

3.27
electric he
several pa
indoor sur

Note 1 to enftry: The electric heating system can be applied'to floor, walls and ceiling.

3.28
embedded

system cor
(3.25) and

3.29
equivalen
Ky
coefficient
medium dif

Note 1 to ey
heating meq

3.30

emperature (3.58) at the centre of the conditioned space used for calculation of the de
pacity

try: The operative temperature is considered relevant for thermal comfort assessment.and heat
. This value of internal temperature is used for the calculation method.

nnection point for several circuits (3.6)

ocal cooling of a body caused by movement of air and related*to temperature

ating system

faces and the indoor air

surface heating and cooling systém
sisting of circuits (3.6) of pipesmbedded in floor, wall or ceiling construction, distribu
control equipment

[ heat transmission coefficient

describing the relationship between the heat flux (3.31) from the surface and the hea
ferential temperqture (3.36)

try: For the\radiant cooling system, the cooling medium differential temperature applies insted
ium diffexential temperature.

family of ¢

haracteristic curves

bign

loss

hel systems that convert electrical energy to heat/raising the temperature of conditioned

fors

{ing

d of

curves denoting the system-specific relationship between the heat flux (q) (3.31) and the requ

red

heating medium differential temperature (AGH) (3.36) for conduction resistance of various floor

coverings

3.31
heat flux

q

heat flow between the space and surface divided by the heated or cooled surface

Note 1 to entry: For heating it is a positive value and for cooling it is a negative value.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=fc631aa801daa3b0286080b53e765d6e

ISO 11855-1:2021(E)

3.32
heat transfer coefficient

hy

combined convective and radiative heat transfer coefficient between the heated or cooled surface and

the

space operative temperature (3.58) [design indoor temperature (3.24)]

3.33

heating surface
surface (floor, wall, ceiling) covered by the embedded surface heating system between the pipes at the
outer edges of the system with the addition of a strip at each edge of width equal to half the pipe spacing
(3.65), but not exceeding 0,15 m

Not¢ 1 to entry: The cooling surface is similar with the only difference being that it has an erhbed
cooling system.

3.3
he
A
are
att
spa

Not

3.3

ting surface area

h of surface (floor, wall, ceiling) covered by the embedded surface heating system betwee
he outer edges of the system with the addition of a strip at each edge-of width equal to h
Fing (3.65), but not exceeding 0,15 m

e 1 to entry: The same concept of cooling surface area applies to the embedded cooling system.

D

heating capacity for circuit

Qud

hea
Not

3.3

I exchange between a pipe circuit (3.6) and the ¢enditioned room
e 1 to entry: The same concept of cooling capacity for circuit applies to the embedded cooling sys

-

D

heating medium differential temperature

A6,

loggrithmically determined average.difference between the temperature of the heating med
and| the design indoor temperature (3.24)

Not
Sys

3.3

e 1 to entry: The same concept of cooling medium differential temperature applies to the embed
em.

int¢rnal convective-heat gain
conpective contfibiltions by internal heat gains acting in the room

Note 1 to entry/Mainly due to people or electrical equipment.

3.3

ded surface

n the pipes
plf the pipe

fem.

jium (3.83)

ded cooling

internal radiant heat gain
radiant contributions by internal heat gains acting in the room

Note 1 to entry: This is mainly due to people or electrical equipment.

3.39

internal thermal resistance of the slab conductive region
total thermal resistance connecting the pipe level (3.63) with the middle points of the upper conductive
region and lower conductive region of the slab (3.9)

3.40

lim

it curve

curve in the field of characteristic curves showing the pattern of the limit heat flux (3.41) depending on

the

©IS

heating medium differential temperature (3.36) and the floor covering
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3.41
limit heat

flux

e
heat flux (3.31) at which the maximum (3.45) or minimum permissible surface temperature (3.49) is

achieved

3.42

limit heating medium temperature difference

Bue
intersectio

n of the system characteristic curve with the limit curve (3.40)

3.43
maximum
maximum

3.44
maximum

Qmax
required d

3.45
maximum
GS,qu
maximum
of the limit
or periphe
heating me

3.46
mean radi
uniform sy
the same a

3.47
mean surf
difference

Note 1 to enftry: It determines the hedt flux (3.31).

3.48
metabolic
rate of tra
metabolic
surfaces

Note 1 to 4

cooling power
Fhermal power of the cooling equipment, referring only to the room under considenation

design heat flux

bsign heat flux (3.17) in the room in order to design supply medium temperature

permissible surface temperature
femperature permissible for physiological reasons or for the physical building, for calcula

ral area (3.62) depending on the particular usage @tya temperature drop (o) (3.82) of
dium equal to 0

ant temperature
rface temperature of an imaginary black enclosure in which an occupant would excha
mount of radiant heat as in the actual nen-uniform enclosure

ace temperature difference

between the average surface.temperature (3.3) and the design indoor temperature(6i) (3.2

rate
hsformation, of ¢hemical energy into heat and mechanical work by aerobic and anaer
pctivities within an organism, usually expressed in terms of unit area of the total b

ntry: \The metabolic rate varies with each activity. It is expressed in the met unit or in W,

[ion

curves (3.40), which may occur at a point on the surface (floor, wall, ceiling) in the occupied

the

nge

bbic
ody

face

1 met = 58,7

W/m2. 1 met is the energy produced per unit surface area of a sedentary person at rest. The sun

o220 2477 1

area of an

L eads. H L sl + A L pa | £ H 2
\A> Y asc lJCl SUIT Udll UT UCTLUTIITITNICYU Uy DUvuvuUlS Cblucll_lUll, IJUU_)’ Ul rdiT d1tTdqa, 111 111 = VU,aVU o717 1T

(m)9725 x weight (kg)0425.

3.49
minimum
es,min

permissible surface temperature

ight

minimum temperature permissible for physiological reasons or for the physical building, for calculation
of the limit curves (3.40), which may occur at a point on the surface (floor, wall, ceiling) in the occupied
or peripheral area (3.62) depending on the particular usage at a temperature drop (o) (3.82) of the
heating medium equal to 0
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3.50
nominal heat flux

4N
limit heat flux (3.41) achieved without surface covering

3.51

nominal heating or cooling medium differential temperature
ABy

absolute temperature difference at nominal heat flux (gN) (3.50)

of the surface not covered by a radiant heating or cooling system

ber of active surfaces

ber of surfaces in straight thermal connection with the pipe level (3.63);,%s0 that it dis
ther the slab (3.75) transfers heat both through the floor side and through the ceil
ther the ceiling side is much more active than the floor side

1 to entry: Two active surfaces when the conductive region extends fronr'the floor to the ceilin
ce otherwise.

ber of operation hours of the circuit
th of time during which the system runs in the day

tinguishes
ng side or

b, one active

b as to the

ide walls or

itside may

uniform temperature of an imaginary black enclosure in which an occupant exchanges the same amount

of heat by radiation and convection as in the actual non-uniform environment

3.59
orientation of the room
orientation of the main windowed external wall: East, South, West or North

Note 1 to entry: It is used to determine when the peak load (3.61) from heat gains happens, since internal heat
gains are considered almost constant and the widest variation is expected to happen in solar heat gains (3.76).

© IS0 2021 - All rights reserved
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3.60

outward heat flux

qu
heat flow which is exchanged through the construction with unconditioned spaces, another building
entity, the ground or outdoor air

3.61

peak load

maximum cooling load to be extracted by the system used to keep comfort conditions in the room

3.62

peripheral area

Ag

surface arga which is heated or cooled to a higher or lower temperature

Note 1 to enjtry: It is generally an area of 1 m maximum in width along exterior walls. It is not@w occupied firea
(3.55).

3.63

pipe level

virtual plahe where the pipe circuit (3.6) lies

3.64

pipe level thermal resistance

thermal refistance associated to the 2-D conduction heat transfer taking place between the pipes pand
the embedfling layer, virtually referred to the pipe level (3.63), thus connecting the mean temperature
of the pipe|outer side with the mean temperature at the pipe level

3.65

pipe spacing

spacing or |distance between pipes embedded in the surface

3.66

pipe thickness thermal resistance

thermal refistance associated to the conduction heat transfer taking place through the pipe wall, thus
connecting the mean temperature of the pipe inner side with the mean temperature of the pipe ofiter
side

3.67

predicted|mean vote

PMV

index that|predicts the-mean value of the thermal sensation votes of a large group of persons ¢n a
7-point thermal sensation scale

3.68

predicted|percentage of dissatisfied

PPD

index that estabtishesaquantitative predictiomrof the percentage of thermmatty dissatisfiedpeoptewho

are either too warm of too cool

3.69

primary air convective heat gains
heat gains acting in the room due to the infiltration or primary air inflow

3.70

radiant surface heating and cooling system
heating and cooling system that controls the temperature of indoor surfaces on the floor, walls or ceiling

3.71

radiant temperature asymmetry
difference between the plane radiant temperature of the two opposite sides of a small plane element

8
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3.72
relative air velocity
air velocity relative to the occupant, including body movements

3.73

regional dew point

0Dp,R

dew point specified depending on the climatic conditions of the region

3.74
running mode
modle of the circuit (3.6) that defines whether the system is currently switched on or off

3.7
slab
horjzontal building structure separating two rooms placed one below the other, hiehice being the ceiling
for pne and the floor for the other

hea gain from solar energy acting in the room due to high-frequency-radiation transmissipn through

totdl energy to be extracted during the day in order tq.avoid a net increase in internal enprgy in the

EXAMPLE Convector, radiators.

lating layer (for thermaland/or impact noise insulation), protection layer (to protect thq insulating
laygr), the pipes or plané-sections, the load and thermal distribution layer where pipes are pmbedded,
covering and other items

Note 1 to entry: Qther items include conducting devices, peripheral strips, attachment items, etc.
Not¢ 2 to enthy; Components may differ depending on the system.

3.80
systém insulation
insulation with the thermal resistance R, ;¢ to limit the heat loss of heating and cooling systems

Note 1 to entry: R, ;,,s shall be in accordance to ISO 11855-5:2021, 5.1.2.3.2.

Note 2 to entry: For floor heating and cooling systems, as a rule the thermal resistance R, ;, is provided by the
insulation layers which are integral parts of the system. National rules can be consulted for this subject. For wall
and ceiling heating and cooling systems, the thermal resistance R, ;, may be determined taking into account the
effective thermal resistance of the building structure.

3.81

thermally active building system

TABS

water-based heating and cooling system (3.91) where the pipes are embedded in the central concrete
core of a building construction

© IS0 2021 - All rights reserved 9
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3.82

temperature drop

o

difference between the supply and return temperature of the heating or cooling medium in a circuit

(3.6)
3.83

temperature of the heating medium

0

m

average temperature between the supply and the return temperature defined as 6, = 6, + Ay

Note 1 to enfry: The same concept of temperature of the cooling medium applies to the embedded cooling sys

3.84

thermal n
node sum
calculation

3.85
thermal o
Qs

sum of the
(3.17)

pde
marizing the thermal behaviour of a material or air volume as regards,-lieat tran
S

itput of surface system

products of the heating or cooled surfaces of a space with therassociated design heat fI

Note 1 to enftry: For heating it is a positive value. For cooling it is a negative value.

3.86

total conv
sum of all

convective

gains (3.88

3.87
total radia
sum of all j

pctive heat gain
Convective contributions from heat gains acting'in the room, hence it is the sum of inte

)

Int heat gain
adiant contributions from heat gains acting in the room

Note 1 to emtry: The heat gains acting in\the room comprise internal radiant heat gains (3.38), solar heat g

(3.76) and a

3.88
transmiss,
heat gains
windows

3.89

fraction of transmission heat-gains (3.88).

fion heat gain
acting in the<fgom due to conductive heat transmission through the external walls

vertical air temperature difference

difference

n-air temperature measured at 1,1 m and 0,1 m above the floor

[em.

sfer

| xes

rnal

heat gains (3.37), primary air convective heatgains (3.69) and a fraction of transmission heat

ains

and

Note 1 to entry: The distances 1,1 m and 0,1 m are theoretical average values for head and ankle height of a
sedentary person.

3.90
wall surfa

ce thermal resistance

thermal resistance representing the connection between the core of the internal walls and their surface
on the room side

Note 1 to entry: It usually corresponds to the layer of plaster covering the internal side of the walls.

3.91
water-bas

ed heating and cooling system

floor, wall or ceiling system where pipes carrying water with or without additives as a medium are laid
in the floor, wall or ceiling

10

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=fc631aa801daa3b0286080b53e765d6e

ISO 11855-1:2021(E)

3.92

water flow thermal resistance

thermal resistance that expresses the variation in temperature of the water flowing in the pipe along
the circuit (3.6), so it connects the water inlet temperature with the mean water temperature along the
circuit

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
$ymbol Unit Quantity

Ay m? Area of the occupied surface

Ag m?2 Area of the heating or cooling surface

Ag m? Area of the peripheral surface

Ay m? Total area of internal vertical walls (i.e. vertical walls, external facades gxcluded)

a; — Parameter factors for calculation of characteristic/curves

B, B, By W/(m2-K) |Coefficients depending on the system

b, — Calculation factor depending on the pipe-spacing

c J/(m2-K) |Specific thermal capacity of the thermal node under consideration

Cw J/(m2-K) |Average specific thermal capacity.ofthe internal walls

C; kg-K) |Specific heat of the material cofistituting the j-th layer of the slab

; J/(kg p g thej y

cwd J/(kg-K) |Specific heat of water

D m External diameter of thépipe, including sheathing where used

d, m External diameter of the pipe

d; m Internal diameter of the pipe

dy m External dianieter of sheathing

Epdfy kWh/m? |Specific daily energy gains

Fodc — View-fa¢tor between the floor and the ceiling

Fodew — Viewfactor between the floor and the external walls

F, dw — View factor between the floor and the internal walls

fs — Design safety factor

h 9. Running mode (1 when the system is running; 0 when the system is switiched off)
rm in the h-th hour

Hy W/K Heat transfer coefficient between the thermal node under considerationjand the air
thermal node (“A”)

H. W/K Heat transfer coefficient between the thermal node under considerationfand the
ceiling surface thermal node (“C")

Heoo Heat transfer coefficient between the thermal node under consideration and the

W/K circuit
Heondp Heat transfer coefficient between the thermal node under consideration and the
e W/K next one

Heondup W/K Heat transfer coefficient between the thermal node under consideration and the
previous one

H.ony . Fraction of internal convective heat gains acting on the thermal node under consid-
eration

Hg W/K Heat transfer coefficient between the thermal node under consideration and the
floor surface thermal node (“F”)

H, W/K Coefficient connected to the inertia contribution at the thermal node under consid-
eration
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Table 1 (continued)

Symbol Unit Quantity

Hyws W/K Heat transfer coefficient between ths theEmal node under consideration and the
internal wall surface thermal node (“IWS”)

Hp.q L Fraction of total radiant heat gains impinging on the thermal node under consider-
ation

hpc W/(m2K) Tot.al_heat transfer coefficient (convection + radiation) between surface and space
(ceilling)

hp g wr/em2.k) | Total heat transfer coefficient (convection + radiation) between surface and space

7~ 7 [(Floor)

hpw W/(m2K) Total heat transfer coefficient (convection + radiation) between surface and'spade
(Wall)

h, W/(m?2-K) |Convective heat transfer coefficient

hg W/(m?2K) |Heat transfer coefficient at floor heating surface

hg_c W/(m?2-K) |Radiant heat transfer coefficient between the floor and the ceiling

hew W/(m?2-K) |Radiant heat transfer coefficient between the floor and the-internal walls

h, W/(m?2-K) |Radiant heat transfer coefficient

h; W/(m?2-K) |Total heat transfer coefficient (convection + radiation) between surface and spade

hyy W/(m?2K) |Heat transfer coefficient at wall heating surface

J — Number of layers constituting the slab as a whole

J1 — Number of layers constituting the upper part of the slab

I, — Number of layers constituting the lowerpart of the slab

Ky W/(m?2-K) |Equivalent heat transmission coefficieént

Ky — Parameter for heat conducting devices

ke — Parameter for heat conductinglayer

Lein m Width of fin (horizontal part of heat conducting device seen as a heating fin)

Ly m Length of installed pipes

Ly, m Width of heat conducting devices

m — Exponents foftdetermination of characteristic curves

me kg/s Design cooling medium flow rate

my kg/s Design heating medium flow rate

th_Sp kg/(m2-s) |Specific water flow in the circuit, calculated on the area covered by the circuit

m; Number of partitions of the j-th layer of the slab

n — Actual number of iterations in iterative calculations

n, ng = Exponents

n, h Number of operation hours of the circuit

nMax — Maximum number of iterations allowed in iterative calculations

Pcl\/clsx,h W }I\I/Iaximum cooling power reserved to the circuit under consideration in the h-th

our

Pévclg’épec \% Maximum specific cooling power (per floor square metre)

PB — Polybutylene

PE-MDX — Cross-linked polyethylene, medium density

PE-RT-Sys — Polyethylene of raised temperature resistance

PE-X — Cross-linked polyethylene

PP — Polypropylene

PVC-C — Chlorinated polyvinyl chloride
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Table 1 (continued)
Symbol Unit Quantity
Qé’ w Heat flow impinging on the ceiling surface (“C”) in the h-th hour
Qélct Heat flow extracted by the circuit in the h-th hour
Qé’onv w Total convective heat gains in the h-th hour
Qes w Design capacity
Qlél W Heat flow impinging on the floor surface (“E”) in the h-th hour
thr Conv w Internal convective heat gains in the h-th hour (\q',\
—
thr Rad w Internal radiant heat gains in the h-th hour r\ l/
thws w Heat flow impinging on the internal wall surface ("IWS"H&’JVRe h-th hout
On w Design load N -
Qn, w Design cooling load ,.O
Qn w Design heating load & "
Qy, w Design latent cooling load /. O
Qy, w Design sensible cooling load AO‘
Qouk w Heat output of supplementary heat'g@équipment
5
h . . . .
QplimAir w Primary air convective heat ga}‘)r; the h-th hour
Ql}{ L4 w Total radiant heat gains in‘&}&rth hour
Q w Thermal output of surf@?heating or-cooling
)
Qé’ N w Solar heat gains ilq\@e room in the h-th hour
h L S }
QT  nsm W TransmlSSl,(zK@ gains in the h-th hour
Qw W/m? Average sp%t)lfic cooling power
q W/m? Hea@at the surface
da W/m?2 H@a}dux in the occupied area
Qde W/m? _(|Design heat flux
Qe A W/pl;\‘g Design heat flux of occupied area
Gaed R P Design heat flux of peripheral area
qc meZ Limit heat flux
q N N W/m?2  |Inward specific heat flow
Imdx < V} W/m?2  |Maximum design heat flux
an - W/m2  |Nominal heat flux
qr W/m? |Heat flux in the peripheral area
qu W/m?2  |Outward heat flux
Rpddc (m%K)/W |Additional thermal resistance covering the lower side of the slab
Rpqar (m2-K)/W |Additional thermal resistance covering the upper side of the slab
Reac Convection thermal resistance connecting the air thermal node (“A”) with the ceil-
K/W = “ ”

ing surface thermal node (“C")

Rear Convection thermal resistance connecting the air thermal node (“A”) with the floor
K/W “ ”n

surface thermal node (“F”)
Reaw K/W Convection thermal resistance connecting the air thermal node (“A”) with the inter-

nal wall surface thermal node (“IWS”)
Ry bk (m2 K)/W |Thermal resistance on the surface of the back side of the wall

© IS0 2021 - All rights reserved
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Table 1 (continued)

Symbol Unit Quantity
Rh,c (m2K)/W |Thermal resistance on ceiling surface under the floor heated room
Rint (m2-K)/W |Internal thermal resistance of the slab conductive region
Ry, (m2-K)/W Conduction thermal resistance connecting the p-th thermal node with the bounda-
ry of the (p+1)-th thermal node
R (m2-K)/W |Generic thermal resistance
R, (m2-K)/W |Partial inwards heat transmission resistance of surface structure
R, (m#:K)/W [Pipe thickness thermal resistance
R, (m2:K)/W |Circuit total thermal resistance
R, (m2-K)/W |[Partial outwards heat transmission resistance of surface structure
Ry, (m2-K)/W Conduction thermal resistance connecting the p-th thermal node with’the bounda-
ry of the (p-1)-th thermal node
Ry (m2-K)/W |Wall surface thermal resistance
Ry (m2-K)/W |Water flow thermal resistance
Ry (m2-K)/W |Pipe level thermal resistance
R, (m2:K)/W |Convection thermal resistance at the pipe inner side
R)p (m,-K)/W |Thermal resistance of surface covering
R; . (m2-K)/W |Thermal resistance of ceiling slab structure
R)ins (m2-K)/W |Thermal resistance of thermal insulation
R/l,pl (m%K)/W |Thermal resistance of plaster layer
S m Thickness of the screed (excludingthe pipes in type A systems)
Sh m !n Typg B systems, thickness ofthermal insulatipn from the outward edge of the
insulation to the inward edge of the pipes (see Figure 1)
Sins m Thickness of thermal ipsulation
5 m !n Typg B systems,(thickness oftherma} insulatiop from the outward edge of the
insulation to the outward edge of the pipes (see Figure 1)
Sy m Thickness ofthe pipe wall
S, m Thicknes§ of the layer inward from the pipe
SWL m Thickness of heat conducting device
51 m Thickness of the upper part of the slab
Sy m Thickness of the lower part of the slab
Vinax m/s Maximum air velocity
W i Pipe spacing
X m Distance to the surface
a W/(m2-K) |Heat exchange coefficient
a; — Parameter factors for calculation of characteristic curves
5; m Thickness of the j-th layer of the slab
n - Rate of the extra capacity of the heat source
At S Calculation time step
AO K Generic temperature difference
Aeé\g”r‘;‘f °C Maximum operative temperature drift allowed for comfort conditions
Aby K Heating or cooling medium differential temperature
A6 des K Design cooling medium differential temperature
ABY ges K Design heating medium differential temperature
ABy ¢ K Limit of heating or cooling medium differential temperature
14 © IS0 2021 - All rights reserved
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Table 1 (continued)
Symbol Unit Quantity
ABy K Nominal heating or cooling medium differential temperature
ABy K Heating or cooling medium differential supply temperature
ABy ges K Design heating or cooling medium differential supply temperature
9}; °C Temperature of the air thermal node (“A”) in the h-th hour
Ocomf Ref oC Maximum operative temperature allowed for comfort conditions in the reference
’ case
ech °C Temperature of the ceiling surface thermal node (“C”) in the h-th hour
e(ll\?arlﬁf °C Maximum operative temperature allowed for comfort conditions
04 °C External design temperature
OF hax °C Maximum surface temperature
OF thin °C Minimum surface temperature
Qé‘ °C Temperature of the floor surface thermal node (*£*}in the h-th hour
9{"/, °C Temperature of the core of the internal wall’sthermal node (“IW”) in the h-th hour
91}\1/15 °C Temperature of the internal wall surface thermal node (“IWS”) in the h-th hour
0, °C Design indoor temperature
GI\I}IR °C Room mean radiant temperature in the h-th hour
0, °C Temperature of the heating or' cooling medium
96‘] °C Room operative tempérdature in the h-th hour
9{)’ °C Temperature of the'p-th thermal node in the h-th hour
eé‘l °C Temperature'of the pipe level thermal node (“PL”) in the h-th hour
QS[}:b °C Daily average temperature of the conductive region of the slab
i nfin °C Minimum indoor air temperature
0, °C Operative temperature
0. °C Mean radiant temperature
0 1 °C Average surface temperature
Os hax °C Maximum surface temperature
05 mhin °C Minimum surface temperature
O °C Return temperature of heating or cooling medium
Oy °C Supply temperature of heating or cooling medium
0V des T Design supply temperature ol heating or cooling medium
OV des,max °C Maximum heating water flow temperature
0, °C Indoor temperature in an adjacent space
9‘}/'\13 In °C Water inlet actual temperature in the h-th hour
Os\gpl‘l? °C Water inlet set-point temperature in the h-th hour
93\??111 Ref °C Water inlet set-point temperature in the reference case
9\}/I\Ia out °C Water outlet temperature in the h-th hour
A W/(m:K) |Thermal conductivity
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Table 1 (continued)

Symbol Unit Quantity

Ay W/(m-K) |Thermal conductivity of the material of the pipe embedded layer

Ains W/(m:K) |Thermal conductivity of the thermal insulation layer

Aj W/(m:K) |Thermal conductivity of the material constituting the j-th layer of the slab
A W/(m-K) |Thermal conductivity of the material constituting the pipe

o K Temperature drop 6y -6y

& °C Actual tolerance in iterative calculations

Emax °C Maximum tolerance allowed in iterative calculations

p; kg/m3  |Density of the material constituting the j-th layer of the slab

0] — Conversion factor for temperatures

Y — Content by volume of the attachment burrs in the screed

W various |Slope of correlation curves

5 Comfprt criteria

5.1 General
An occupaht's thermal comfort would be the primary objective that'any heating, ventilation, and air

conditionimg (HVAC) system pursues. Radiant heating and cooling systems can be used as prim

or hybrid
approache
and coolin|
Meanwhilg
as to space

As long as
be maintai
cooling sys
same comf|
is possible
the same c

Thermal ¢
thermal er
they are s
heating an
to a polling

To provide
comfort, e
temperatu
taken into

systems which are combined with an air system "and provide unique and cost-effec
b to dealing with numerous conditions affecting~-htiman thermal comfort. Radiant hea
g systems directly transfer heat in order to_condition a space to a specific temperat
, radiant heating and cooling systems can beaised to directly provide heat to humans as
S.

the occupants are radiantly heated in.a radiant heating system, the same comfort level
ned with a lower air temperature\in-comparison to a convective heating system. For rad
tems, with a higher air temperatuire in comparison to convective cooling, maintaining
prt level is possible. Therefore, compared with conventional heating and cooling system

bmfort level.

bmfort can be defined as the psychological condition that expresses satisfaction with
vironment. Thetefore, thermal comfort would be evaluated by asking all the occupan
htisfied with their thermal environment. However, in order to design and control rad
 cooling systems, it is necessary to predict the thermal comfort in a room without resor
result.

anacceptable thermal environment to the occupants, the requirements for general ther
oCpredicted mean vote (PMV), operative temperature, and local thermal comfort (sur

ary
tive
[ing
ure.
vell

can
ant
the
s, it

to reduce the energy loss™due to ventilation, and infiltration is possible while maintaining

the
s if
ant
[ing

mal
face

€, Vertical aiT temperature differernces, Tadiant temperature aSymetry, draft, etc)sha
account.

5.2 General thermal comfort

1 be

Operative temperature and PMV can be used as a single index to evaluate general thermal comfort. For
sizing and dimensioning of radiant heating and cooling systems, operative temperature can be chosen
as general thermal comfort because the systems use radiative heat transfer from the surfaces. In order
to design a hybrid system combined with convective systems or to design considering factors related
to the occupant such as metabolic rate and clothing, a more comprehensive index, PMV can be used as
a general thermal comfort criterion. Meanwhile, when operative temperature and PMV are used in the
control as well as the design, it is possible not only to obtain a better comfort condition but also to save
energy in buildings.
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5.2.1 Operative temperature

In order to provide acceptable thermal conditions, two parameters, air temperature and mean radiant
temperature, should be taken into account. The combined influence of these two temperatures
is expressed as the operative temperature. In a place where air velocities are low (<0,2 m/s) or the
difference between mean radiant temperature and air temperature is small (<4 K), the operative
temperature can be approximated with the simple average of air and mean radiant temperature. This
means that air temperature and mean radiant temperature have an equal importance with respect
to the level of thermal comfort in a space. Compared with a convective heating and cooling system, a

radiant heating system can achieve the same level of operative temperature at a lower air temperature
and.aradiant r‘nnling system at a highpr air temperature

5.2]1.1 Definition

Opgrative temperature is defined as the temperature of a uniform isothermal black enclosute in which

the
uni
tha

occupant exchanges the same amount of heat by radiation and convectign ds in the 3
form environment (see ISO 7730). In a physical sense, operative temperabure is the te
the occupant perceives in his or her surroundings based on convection and radiation
temperature can be said to be the weighted average of the air tempetature and the mea
tenfperature (MRT). The weighted average is calculated by the comibination of the conv
trampsfer coefficient and the linearized radiant heat transfer coefficient.

0 zhr'9r+hc'9i
© he +hg
5.2]1.2 Relationship to thermal comfort

The air temperature alone is not an appropriate thermal indicator because the room in a buil
a n¢n-uniform radiant field. The air temperature does not account for the heat loss caused
ene

occlirs by radiant energy, operative temperature is a better index for general thermal comfo

When the values of humidity, air vélgcities, metabolic rate and clothing insulation are givg
zone can be determined. Comfort zone is defined by the range of operative temperat
can| provide an acceptable thermal environmental condition or the combination of me
tenperature and air temperature which people accept thermally.

Theg appropriate range ‘of operative temperature that satisfies comfort conditions can b
nding on the ogecupant's clothing insulation and metabolic rate. ISO 7730 shows th
opefrative temperature and the permissible temperature range as a function of clothing a
for feach of the ¢hree categories. ISO 7726 describes methods and techniques to measurg
temperature:

5.22 «PMV (predicted mean vote) and PPD (predicted percentage of dissatisfied)

ctual non-
mperature
Operative
N radiation
bctive heat

Hing shows
by radiant

gy exchange with the walls, windowscor the radiant heating system. When much heaft exchange

t.

n, comfort
ure which
an radiant

e different
P optimum
hd activity

operative

If t ;
comfort criteria can be provided. Radiant heating and cooling systems can be hybrid when

re precise
combined

with a convection system. Especially for a hybrid system which combines the radiant heating and
cooling and ventilation system, humidity and air velocities along with air and operative temperature
can be important factors that determine thermal comfort. Thus, in order to evaluate and control the
thermal comfort of the system, an index which takes into account all of these factors is necessary. PMV
and PPD is one of the most common indices used for this purpose.

Factors that affect the PMV are metabolic rate, clothing insulation, air temperature, mean radiant
temperature, air speed and relative humidity. PPD is an index expressing the thermal comfort level as
a percentage of thermally dissatisfied people, and is directly determined from PMV. The PPD index is
based on the assumption that people voting #2 or +3 on the thermal sensation scale are dissatisfied,
and the simplification that PPD is symmetric around a neutral PMV ( = 0). Both PMV and PPD are based
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on general (whole body) thermal comfort. Much more details, including calculation methods of PMV
and PPD, are specified in ISO 7730.

PMV can be used as a comfort indicator to evaluate the whole thermal comfort of the space in which
radiant heating and cooling systems are applied. It can also be used as a mathematical model for devices
to control comfort in the buildings which apply radiant heating and cooling systems. To get much better
comfort control than the general thermostat which only uses the air temperature, PMV can be used as

control variable.

5.3 Local thermal discomfort

The local t
head, by an
floor shall

5.3.1 Su

In radiant |
for heating

the floor apd wall with which the occupants can have direct contact.

5.3.1.1 R

The floor t
temperatu
occupants
and coolin
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of whether
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habits. For
when deci
ranges for

A floor ter
occupants,
surface ten
is outside t
design flog
and dressi
material.

Especially
the mater
ISO/TS 137

hermal discomfort caused by a vertical air temperature difference between the feet and
asymmetric radiant field, by local convective cooling (draft), or by contact with a hot er
be taken into account in determining conditions for acceptable thermal comfort.

rface temperature limit

neating and cooling systems, floor, walls and ceilings can be used as the'heat transfer sur
and cooling. For this reason, special care shall be paid to the surfdce temperature limi

loor heating and cooling

emperature has a direct impact on the comfort of the:feet or buttocks. In ISO 7730, a f
e range of 19 °C to 29 °C is recommended in the¢space with sedentary and/or stang
wearing normal shoes. This is a limiting factor when deciding the capacity of floor hea

Fe is 19 °C. However, this temperature range of19 °C to 29 °C might be changed by the fa
the occupants wear shoes or not, or whether they usually sit on the floor or stand u
bd zone. Thus, the range of the surface temperature can be different depending on lifes

ling on the optimum range of floot surface temperature. See Table A.1 for recommen
the floor temperature of radiantheating and cooling systems.

hperature range of 19 °C tev29 °C is based on an average between seated and stanc
Seated persons would prefer 1 K higher floor temperatures and standing persons 1 K lo
hperatures. At a higher metabolic rate, even lower floor temperatures may be acceptable.
he occupied zone, i;e;-within 1 m from outside walls or windows, 35 °C is acceptable for
r temperature. In.Spaces where occupants may have bare feet (bathrooms, swimming pqg
hg rooms), the_most appropriate comfort floor temperature depends on the floor cove

in spaces’where people have bare feet, the range of comfort temperature depends
al ofythe floor. More detailed information on the floor temperature can be found
32-2. Information on the range of comfortable temperature depending on floor material

the
told

face
E on
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ling
[ing

b systems. For heating, the maximum temperature is 29 °C and for cooling, the minimum

Ctor
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this reason, it is recommended to.follow the widely accepted standards of each country
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If it
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ing

on
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can

be found in

- Table-Al

For an electric heating system, an electrically-heated floor may cause discomfort and even skin
burns if occupants have prolonged contact with the floor. This is due to the constant supply of heat
from an electrical heating source, whereas, for a water-based heating system, the increase in surface
temperature is limited by the water temperature. Therefore, it is important to control the electrical
heating source in order to keep the floor surface temperature under the lower limit of discomfort and
skin burn. The relation between floor temperature and skin temperature in an electric heating system is
specified in Figure A.1. Skin temperatures that cause discomfort and burns are explained in Figure A.2.

5.3.1.2 Wall heating and cooling

For wall heating, the maximum recommended surface temperature is in the range of 35 °C to 50 °C. The
maximum temperature depends on factors such as whether occupants may easily have contact with the

18 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=fc631aa801daa3b0286080b53e765d6e

ISO 11855-1:2021(E)

surface or whether buildings are used for more sensitive persons such as children or the elderly. When
a skin temperature is 42 °C to 45 °C, there is a risk of burns and pain. The losses to the rear walls and its

infl

uence on neighbouring spaces should be taken into account.

For wall cooling, the surface temperature should be higher than the dew point temperature to avoid

con

densation and cold draft caused by the cooled surface.

Table B.1 shows the formulae for calculation of maximum air velocity and minimum air temperature
along the floor caused by cold draft from cooled surfaces. By using these formulae, it is possible to
determine the minimum permissible temperature of the wall surface in order to prevent discomfort
caused by low air temperature and high air velocity. See Figure B.1 for an illustration of maximum air

veld

5.3

In alll practical thermal environments, a radiation field has an asymmetric featureto some de
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winldows. Thus, for making ceilings heated by applying'the radiant heating, the radiant tq

asy
the
asy

5.3

Ond
tem
hea
pro
Sys
For

Thd
ank
pre

Thd
3 K
det

©IS

city along the floor.

2 Radiant temperature asymmetry

mmetry is sufficiently large, then it can cause discomfort. For example, discomfort migh
sons exposed to the asymmetric radiation such as the open door of a funnace, direct sunli
ngs or cooled windows or walls.

radiant temperature asymmetry is the difference between the. plane radiant temperat

to the radiant temperature asymmetry is specified in 1SO,7730.

human body is most sensitive to radiant asymmetry. caused by warm ceilings or co

mmetry should be maintained at less than 5 K (inelation to a small horizontal plane 0
floor). For making walls or windows cooled by applying the radiant cooling, the radiant te
mmetry should be less than 10 K (in relation tg*a small vertical plane 0,6 m above the flo

3 Vertical air temperature difference

of the important features of radiantheating and cooling systems is that it is possible to g
perature conditions from floor to’ceiling. According to measurements, the application
king or cooling and the large wall panel heating units under the window has a uniform t¢
file. The more convective gystems (baseboard under window, warm air system) or high te
ems result in 2 K to 3 K(gradients between floor and ceiling and even up to 7 K in more s¢
systems relying on ntuch more convection, the temperature profile becomes less uniforn

rmal stratification“that results in the air temperature at the head level being warmer
le level may cause thermal discomfort. Thermal stratification in the opposite direction is
ferred by occipants. Therefore, it is not addressed in this document.

differences in air temperature from the ankle level to the head level are recommended t
Figure 1 can be used in conjunction with the PPD limit for vertical temperature dif

gree. Ifthe
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Figure 1 — Local thermal discomfort caused-by vertical air temperature difference

5.4 Acoustical comfort

5.4.1 Water velocity and noise

Closed-loo
of 1,2 m/s
in diamete
limitation
Water veld
combinatig
velocities 1

b hydronic system piping is generally sized below certain upper limits, such as a velocity |
for a 50 mm pipe and under, and a pressure drop limit of 400 Pa/m for piping over 50
. Pipes with velogjties in excess of 1,2 m/s should have a much larger size. Although
s based on relatively inconclusive experience with noise in piping, it is generally accep|
city noise is_hot caused by water but by free air, sharp pressure drops, turbulence,

n of these, Which in turn cause cavitation or flashing of water into steam. Therefore, hig
hay be allowable if proper precautions are taken to eliminate air and turbulence.
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sbased on minimizing noise generated by the flow.

5.4.2 Acoustical comfort in water-based heating and cooling systems

In a building equipped with a HVAC system, the noise is usually caused by the aerodynamic air motion
from the fan or pump, high airflow velocity along ducts, or hydrodynamic noise in pipes. The excessive
airflow rates in all air systems can result in high air velocities and noise in ducts, terminal diffusers,
etc. When the water-based system cares for sensible cooling and/or heating load and ventilation system
only for the air renewal and IAQ, then the sizes of ducts can be scaled down and the noise caused by
high air velocity can be decreased.

In the water-based heating and cooling systems, balancing valves are used for the temperature control
in a multi-zone building. The excessive pressure drop across these balancing valves causes the velocity
increase, turbulence, even cavitation and consequently noise. This noise vibrates the pipe and the
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vibration is delivered to the structure where the pipe is laid, leading to uncomfortable noise. Thus, it
is necessary to design and operate the system not to make the excessive pressure drop in the major
elements such as balancing valves that constitute the water-based heating and cooling systems.

In an apartment building with radiant floor heating system, the sound insulation material can be used
above the slab structure to reduce the floor impact noise problems of downstairs’ living environment
and affect the thermal output from the floor surfaces. For example, polyurethane foam can be used to
facilitate the eventual installation of the pipe for thermal insulation with radiant floor heating system.
If the thermal insulation materials used for the radiant heating panels are optimized to achieve design
thermal output, these materials also should be designed for a good impact noise reduction of the floor.

So

e solutions improve the acoustics by reducing impact noise transmission and air-bor
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from the TABS can be significantly decreased. If this structure is not used, then using flo
materials with the ability of acoustic absorption can obtain good acoustic properties.
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vidual houses, but do not ensure the design thermal output, so thermo-acoustic_per
11d be evaluated together. For the acoustic performance evaluation, an experimentatanal
[ied out in a laboratory according to ISO 10140-1, in order to study the acoustic behavio
h integrated radiant heating systems with a built-in resilient layer for impact noise insuld

3 Acoustical comfort in thermally active building systems (TABS)

TABS, the use of suspended panels (embedded surface heating and copling systems) as
brption surface will decrease the heat exchange with the occupants and other room su
Fease in heat exchange will depend on factors like type and position of acoustical panel
tion of internal loads, ventilation concept, etc. Vertical acoustic plates affect the heat flow

unt when calculating the capacity of TABS. The followingfactors should be considered i
[lyses:

floor covering;

equipment and furniture (position, surface absorptivity);
acoustic plates (absorptive surfaces);

position of heat-exchange surfacesdn'the room;

lighting system installation.
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