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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 speg

entat, in_flaison with 1ISO, also take part in the work. 1SO 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, Part2.
Ask of technical committees is to prepare International Standards. Draft Interational 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.

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

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

Definition, symbols, and comfort criteria
Determination of the design and heating and-¢ooling 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

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
capagity. 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 calculatlon methd

the

ards
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tent

ign,
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and
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ting
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d to

ling

systems can reduce energy consumphon 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

Sou

Th

rce, distribution system and controller.

ISO 11855 series addresses an embedded system that is integrated with the buildin

j structure.

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

Th

The)
preg

dyn

ISO 11855 series shall be applied to systems using not only water but also otherfluids or eldctricity as a
heafing or cooling medium.

amic analysis, installation, operation, and control method of embedded systems.

object of the ISO 11855 series is to provide criteria to effectively design'embedded systems. To do this, it
ents comfort criteria for the space served by embedded systems, heat-output calculation, difnensioning,
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mensioning and calculation of the dynamic heating ang
oling capacity of Thermo Active Building Systems (TAE

Scope
part of ISO 11855 allows the calculation of peak cooling capacity,‘of Thermo Active Buildi

cooling power demand on the water side, to be used to size the cooling system, as regards the
flow rate, etc.

part of ISO 11855 defines a detailed method aimed @t the calculation of heating and cooling
Lsteady state conditions.

ISO 11855 series is applicable to water based embedded surface heating and cooling
ential, commercial and industrial buildings.. The methods apply to systems integrated into the
hg construction without any open air gaps:-’It does not apply to panel systems with open air
hot integrated into the building structure:

ISO 11855 series also applies, as appropriate, to the use of fluids other than water as a heatin

ium. The ISO 11855 series is.net applicable for testing of systems. The methods do not apply
ed ceiling panels or beams!

Normative references
following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

14855-1, Building environment design — Design, dimensioning, installation and control of

radi

3S)

g Systems

BS), based on heat gains, such as solar gains, internal heat gdias, and ventilation, and the calculation of

chiller size,

capacity in

systems in
vall, floor or
gaps which

g or cooling
o heated or

For dated
referenced

embedded

3

For

4

For

nt hnnﬁng and. r\nnling eycfnme — Part 1: I')nfiniﬁnn’ eymhnle7 and comifort criteria

Terms and definitions

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

Symbols and abbreviations

the purposes of this part of ISO 11855, the symbols and abbreviations in Table 1 apply:
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Table 1 — Symbols and abbreviations

Symbol Unit Quantity
Ar m? Area of the heating/cooling surface area
Ay m? Total area of internal vertical walls (i.e. vertical walls, external fagades excluded)
C J/(mz-K) Specific thermal capacity of the thermal node under consideration
Cw J/(mZ-K) Average specific thermal capacity of the internal walls
Cj JMKGK) Specific heat of the material consttuting the j-th layer of the siab
Cyw JI(kg-K) Specific heat of water
d, m External diameter of the pipe
Ebay kWh/m? Specific daily energy gains
h } Running mode (1 when the system is running; 0 when the systemiis switched off) in fhe
m h-th hour
fs - Design safety factor
F,rc - View factor between the floor and the ceiling
F,rew - View factor between the floor and the external walls
Foew - View factor between the floor and the intemnal walls
hac W/(mz-K) Convective heat transfer coefficient between the air and the ceiling
hag W/(m?K) Convective heat transfer coefficient between the air and the floor
haw W/(mz-K) Convective heat transfergoefficient between the air and the internal walls
hec W/(mz-K) Radiant heat transfer coefficient between the floor and the ceiling
hew W/(mz-K) Radiant heat transfer coefficient between the floor and the internal walls
Heat transfer coefficient between the thermal node under consideration and the |air
Ha WIK G
thermal hode (“A”)
Heat-transfer coefficient between the thermal node under consideration and the ceiling
Hc W/K .
surface thermal node (“C”)
Hcircuit W/K Heat transfer coefficient between the thermal node under consideration and the circuit
Hcondbown WK Heat transfer coefficient between the thermal node under consideration and the next one
Heat transfer coefficient between the thermal node under consideration and the previgpus
HCondUp WIK one
Hconv - Fraction of internal convective heat gains acting on the thermal node under consideration
Heat transfer coefficient between the thermal node under consideration and the floor
Hr WIK “pn
surface thermal node (“F”)
Hinertia W/K Coefficient connected to the inertia contribution at the thermal node under consideration
" WIK Heat transfer coefficient between the thermal node under consideration and the internal
ws wall surface thermal node (“IWS”)
HRad - Fraction of total radiant heat gains impinging on the thermal node under consideration
hy W/(m?K) | Total heat transfer coefficient (convection + radiation) between surface and space
J - Number of layers constituting the slab as a whole
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Symbol Unit Quantity
J4 - Number of layers constituting the upper part of the slab
Js - Number of layers constituting the lower part of the slab
Ly m Length of installed pipes
Ty sp kg/(mz-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 iteration in iterative calculations
Hh h Number of operation hours of the circuit
" - Maximum number of iterations allowed in iterative calculations
Pg,"f:ﬁlrt' w Maximum cooling power reserved to the circuit under consideration in the h-thfhour
Pt spec W/m? Maximum specific cooling power (per floor square metre)
qi W/m? Inward specific heat flow
qu W/m? Outward specific heat flow
QQ w Heat flow impinging on the ceiling surface) (“€”) in the h-th hour
Qgircu“ w Heat flow extracted by the circuit inithe h-th hour
ngm, w Total convective heat gains inthé h-th hour
QF w Heat flow impinging on thiefloor surface (“F”) in the h-th hour
Q,htCOnv w Internal convectivefieat gains in the h-th hour
Q,htRad w Internal radiant-heat gains in the h-th hour
Q,h s w Heat flow impinging on the internal wall surface (“IWS”) in the h-th hour
QErimAi, w Rrimary air convective heat gains in the h-th hour
Q,Ead w Total radiant heat gains in the h-th hour
qun w Solar heat gains in the room in the h-th hour
Q'{ansm w Transmission heat gains in the h-th hour
0 W/m? Average specific cooling power
R (m>-KYW Generic thermal resistance
Rpgqdc (mz-K)/W Additional thermal resistance covering the lower side of the slab
RagqF (m2-K)/W Additional thermal resistance covering the upper side of the slab
RCAC KIW Convection thermal resistance connecting the air thermal node (“A”) with the ceiling
surface thermal node (“C”)
RCAF KIW t(f)}(;r:r\:;clt:]oond’éh?‘::n’?)al resistance connecting the air thermal node (“A”) with the floor surface
RCAW K/W Convection thermal resistance connecting the air thermal node (“A”) with the internal wall

surface thermal node (“IWS”)
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Symbol Unit Quantity
Rint (mz-K)/W Internal thermal resistance of the slab conductive region
2 Conduction thermal resistance connecting the p-th thermal node with the boundary of the
RL,p (m K)/W
(p+1)-th thermal node
R, (m?K)yw Pipe thickness thermal resistance
Radiation thermal resistance connecting the floor surface thermal node (“F”) with the
RRFC K/W L w
ceiling surface thermal node (“C”)
RRWC KA Radiation thermal resistance connecting the internal wall surface thermal node (“IWS”)
with the ceiling surface thermal node (“C”)
Radiation thermal resistance connecting the internal wall surface thermal node\(*IWS”)
RRWF KIW . o
with the floor surface thermal node (“F”)
Rt (mz-K)/W Circuit total thermal resistance
2 Conduction thermal resistance connecting the p-th thermal node with‘the’ boundary of the
Rup (m*-K)yw
(p-1)-th thermal node
Ryais (mZ-K)/W Wall surface thermal resistance
R, (mz-K)/W Water flow thermal resistance
R, (mz-K)/W Pipe level thermal resistance
R, (mZ-K)/W Convection thermal resistance at the pipe innerside
S, m Pipe wall thickness
84 m Thickness of the upper part of the slab
Sy m Thickness of the lower part of-the slab
w m Pipe spacing
4 m Thickness of the j-th.ayer of the slab
A0 K Generic temperature difference
A0 K Maximum eperative temperature drift allowed for comfort conditions
At s Calcdulation time step
6’2 °C Temperature of the air thermal node (“A”) in the h-th hour
6’8 °C Temperature of the ceiling surface thermal node (“C”) in the h-th hour
o °C Maximum operative temperature allowed for comfort conditions
gcomfort’Ref “C taximom Upt:lativc temperatore attowed-forcomfortconditionsmthereferencecase
92 °C Temperature of the floor surface thermal node (“F”) in the h-th hour
o °C Temperature of the core of the internal walls thermal node (“IW”) in the h-th hour
9|r\1/vs °C Temperature of the internal wall surface thermal node (“IWS”) in the h-th hour
Ohr °C Room mean radiant temperature in the h-th hour
egp °C Room operative temperature in the h-th hour

4 © 1SO 2012 — All rights reserved
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Symbol Unit Quantity
HF',‘ °C Temperature of the p-th thermal node in the h-th hour
HF',‘L °C Temperature of the pipe level thermal node (“PL”) in the h-th hour
eg};b °C Daily average temperature of the conductive region of the slab
e\r/]Vater,ln °C Water inlet actual temperature in the h-th hour
9\§?&Pun °c Water inlet set-point temperature in the h-th hour
Hsztt’;n,n’Ref °C Water inlet set-point temperature in the reference case
oh ater Out °C Water outlet temperature in the h-th hour
A W/(m-K) Thermal conductivity of the material of the pipe embedded lager:
4 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
& K Actual tolerance in iterative calculations
& Nax K Maximum tolerance allowed in iterative calculations
Pj kg/m3 Density of the material constituting the j-th layer of the slab
0} various Slope of correlation curves
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5 The concept of Thermally Active Surfaces (TAS)

A Thermally Active Surface (TAS) is an embedded water based surface heating and cooling system, where
the pipe is embedded in the central concrete core of a building construction (see Figure 1).

R W

Key
C concrete %
floor s@
pipes X @

R room R\
RI reinforcgment \O
W window c\}‘

T M

Figure 1 —Sqmple of position of pipes in TAS

The building constructions emb @ the pipe are usually the horizontal ones. As a consequence, in| the
following sqctions, floors and ¢ s are usually referred to as active surfaces. Looking at a typical strudture

of a TAS, heat is removed by.'a-€ooling system (for instance, a chiller), connected to pipes embedded in| the
slab. The system can be d&d into the elements shown in Figure 2.

&
?\
N

v
S
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a A~ WON =

The)
pea
to ¢
offig
be U
is p

heating/cooling equipment

hydraulic circuit

slab including core layer with pipes

possible additional resistances (floor covering or suspended ceiling)
foom below and room above

bipe level

Figure 2 — Simple scheme of a TAS

rmally active surfaces exploit the high thermal‘inertia of the slab in order to perform the peak-s
k-shaving consists in reducing the peak in.the required cooling power (see Figure 3), so that i
pol the structures of the building during-a period in which the occupants are absent (during n
e premises). This way the energyconsumption can be reduced and a lower night time electrig
sed. At the same time a reduction in the size of heating/cooling system components (including
pssible.

having. The
is possible
ght time, in
ity rate can
the chiller)
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during day {ime is sufficient to coal the slab during night time.

As regards
sufficient tg

know the heat flow on the'water side to be able to dimension the heat distribution system and the chiller/bg

This part of

When using
design is tq

heat gaim

reduction of the required peak power

T T

SELLLSL LSS

o 6 A RS

ower, W

ower needed for conditioning the ventilation air
ower needed on the water side

Figure 3 — Example of peak-shaving effect

ventilation with dehumidifying may be required depending on external climate and indoor hum
In the example in Figure 3, the required peak cooling power needed for dehumidifying the

keep the rogmitemperature within a given comfort range. Moreover, the planner needs als|

ISO 11855 )provides methods for both purposes.

TABS, the indoor temperature changes moderately during the day and the aim of a good T
maintain internal conditions within the range of comfort, i.e. —0,5 < PMV < 0,5, during the

be used both with naturaland mechanical ventilation (depending on weather conditigns).

dity
air

the design of TABS, the planner needs to know if the capacity at a given water temperatufe is

b to
iler.

ABS
Hay,

according to ISO 7730 (see Figure 4).
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Oair air temperature
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Omr mean radiant temperature
O floor temperature
Ow exft water return temperature

Figure 4 — Example of temperature profiles and PMV values vs. time

Some detailed building systemcalculation models have been developed to determine the heat| exchanges
under unsteady state conditions in a single room, the thermal and hygrometric balance of the room air,
prediction of comfort conditions, check of condensation on surfaces, availability of control strategies and
calgulation of the incomiing solar radiation. The use of such detailed calculation models is, howgver, limited
due|to the high amount of time needed for the simulations. The development of a more user frigndly tool is
required. Such a'tool is provided in this part of ISO 11855, and allows the simulation of TAS.

The| diagrams” in Figure 5 show an example of the relation between internal heat gains, water supply
temperature, heat transfer on the room side, hours of operatlon and heat transfer on the watgr side. The
diagrams' refer to a concrete slab with raised floor (R = 0,45 (m ‘K)/W) and an allowed room 1emperature

£040n 4 Qoo
range-orzTGCtozoC:

The upper diagram shows on the Y-axis the maximum permissible total heat gain in space (internal heat gains
plus solar gains) [W/m ], and on the X-axis the required water supply temperature. The lines in the diagram
correspond to different operation periods (8 h, 12 h, 16 h, and 24 h) and different maximum amounts of
energy supplied per day [Wh/(mz-d)].

The lower diagram shows the cooling power [W/mz] required on the water side (to dimension the chiller) for
TAS as a function of suEpIy water temperature and operation time. Further, the amount of energy rejected per
day is indicated [Wh/(m*-d)].

The example shows that, for a maximum internal heat gain of 38 W/m? and 8 h operation, a supply water
temperature of 18,2 °C is required. If, instead, the system is in operation for 12 h, a supply water temperature
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of 19,3 °C is required. In total, the amount of energy rejected from the room is approximately 335 Wh/m? per
day. In the same conditions, the required cooling power on the water side is 37 W/m? (for 8 h operation) and
25 W/m? (for 12 h operation) respectively. Thus, by 12 h operation, the chiller can be much smaller.

Y &0 | [ T T
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50 Y
i e \ _"359 350 Whim® d
Tt —" == = = = L
----------------- --h-‘-"' e H"""-\.._. ‘\t (L
. [ - T 300 Q'\
20 | — | T r 20| )
o e
[ Minimum E C( T
L[] W KD 85-3: occupants and equipment k\ —a—1Eh
10 . i
[ << O =o=12h
[ | WK1 953 lighting QQ —x— 8h
’ | )
16 17 16 19 $\ 21 22
%
\g‘@ X
16 17 18 4@ 20 2 22
Y H:l T T T T T T T T T T T A T T T T T T T T T T T T
xO
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b “‘H\_‘[
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Key

X (upper diagram) inlet temperature tabs, °C

Y (upper diagram) maximum total heat gain in space (W/m?, floor area)
Y (lower diagram) mean cooling power tabs (W/m?, floor area)

Figure 5 — Working principle of TABS
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6 Calculation methods

6.1 General

TABS are systems with high thermal inertia. Therefore, for sizing chillers coupled with them, dynamic
simulations have to be carried out. In principle, the solution of heat transfer inside structures with embedded
pipes has to deal with 2-D calculations (see Figure 6). The calculation time required to consider the 2-D
thermal field and the overall balance with the rest of the room is usually too high. Therefore, mathematical
models in literature are usually based on a link between the pipe surface and the upper and lower surfaces
(i.e. floor and ceiling).

Ong possibility to model radiant systems is to apply response factors to the pipe surface, upper gurface and
lower surface of the slab (see Figure 7). This way, the conduction heat transfer is defined Via hirje response
factpr series, that can be reduced to six response factor series, because of reciprocity rules.

Hp: T, =T,=1T,

1
Sy
225 O"ﬂﬂ-—## 2
21 5 /7'
K = 3

Key
1 ppper surface
pipe surface

3 |ower surface

Figure 6 — Heat transfer through structures containing pipes

Response Z,. _, | I PONSE Zy s | IFEesponseZo_,,-
: \ v Impulse v
Impulse L I
iy L B ]

T Response Z,, , 4 Regponsez

Response Z. _

VY

Response Z IResponseZ

W = O 0wl 0

Figure 7 — Transfer functions for building elements containing pipes
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Another possibility is to consider a resistance between the external pipe surface and an equivalent core
temperature at pipe level, which represents the average temperature along the axial plane of the pipes (see
Figure 8). From the core level to upward and downward levels, a 1-D resistance-capacity network or 1-D
response factor series (or transfer function) can be applied.

Key
LS
LST
Ry
us
usT
OpL

Owater;n ~ Walter supply temperature

In this part

UST
O

us

low
low
i

r

upper part of the slab
upper surface temperature (floor)

mq

Figurp 8 — Simplified model for the .conductive heat transfer in a structure containing pipes

Rough
starting

Simplif
daily to

Simplif|
simulat

bf ISO 11885, the following.calculation methods are presented:

o NN %6,

R

9 Water,In t

LS NN

LST

er part of the slab
er surface temperature (ceiling)
uit total thermal resistance

an temperature at the pipe level

sizing method, based’ on a standard calculation of the cooling load (error: 20+30%). To be U
from the knowledge of the daily heat gains in the room (see 6.2).

ed method using diagrams for sizing, based on the knowledge of the total energy to be extra
ensure ‘comfort conditions (error: 15+20%). For details, see 6.3.

ed model based on finite dlfference method (FDM) (error: 10 15%). It conS|sts in detailed dyna

sed

Cted

mic
the

knowledge of the values of the varlable coollng loads of the room during each hour of the day. For further

details,

see 6.4.

Detailed simulation models (error: 6+10%). It implies the overall dynamic simulation model for the radiant

system

and the room via detailed building-system simulation software (see 6.5).

6.2 Rough sizing method

The cooling system shall be sized via the following equation:

12
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Ep
P(’lé/ill?(‘:)fjit,Spec = n_ay -1000- fg [W/mz] (1)
h
where
Pé’i'ﬁ:’fjitspec is the maximum specific cooling power (per floor square metre) [W/mz];
Epay is the specific daily energy gains [kWh/mz];
My, is the number of operation hours of the circuit [h];
fs is the safe design factor (greater than one, usually 1,15) [-].
For this purpose, Ep,, shall be calculated in the following way:
— | The hourly values of heat gains are calculated for the room under the design conditions and occupancy
schedules, via an energy simulation tool or a proper method for the calculation of heat gains.
— | Epay is the sum of the 24 values of heat gains.
Thel heat gains calculation has to be carried out using an operativestemperature 0,5°C lower than the average
opefative temperature during occupancy hours, for the sake-of safe design. As a consequence,|if the room
opefative temperature drift during occupancy hours is 21{0°€ to 26,0°C, then the room average operative

tem
calg

6.3

In this case, the calculation of the heat gains has to be carried out by means of the value of the {

ene
tem
con
own
tem
tem

The

ulation of heat gains is 23,0°C.

Simplified sizing by diagrams

gy to be provided during the day.lin order to ensure comfort conditions at the averag
berature (for instance, 23,0°C). This method is based on the assumption that the entir
Huctive part of the slab is maintained at an almost constant temperature during the whole da
thermal inertia and the thermal resistance dividing it from the rooms over and below. T
berature of the slab iscalculated by the method itself and is used to calculate the w
berature depending on-thetunning time of the circuit.

following magnitudes are involved in this method:

Epay: specific-daily energy gains in the room during the design day: it consists of the sum o
values acting during the whole design day, divided by the floor area [kWh/m2].

ax .

e&mfort : maximum operative room temperature allowed for comfort conditions [°C].

berature during occupancy hours is 23,5°C, and the reference room operative temperafure for the

otal cooling
E operative
e thermally
, due to its
his average
ater supply

[ heat gains

Orientation of the room: used to determine when the peak load in heat gains happens: east (morning),

south (noon) or west (afternoon).

Number of active surfaces: distinguishes whether the slab works transferring heat both throu
side and through the ceiling side or just through the ceiling side (see Figure 9).

ny, - number of operation hours of the circuit [h].

gh the floor

Rint - internal thermal resistance of the slab conductive region [(m2-K)/W]. It is the average thermal
resistance that connects the conductive parts of the slab placed near the pipe level to the pipe level itself

(see Figure 12).

© 1SO 2012 — All rights reserved
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— Gé]‘éb: daily average temperature of the conductive region of the slab [°C]. It is a result of the present

method and depends on the number of active surfaces (ceiling only, or ceiling and floor), the running
mode (24 h or 8 h) and the shape of the internal load profile (lunch break or not) and room orientation.
The average temperature of the slab is achieved through coefficients included in the method by the

equation.
08iib = Oomtort + @ Epay  [°Cl 2)

where w is a coefficient, whose values are given in Tables 1 and 2.

— Ry : circuit total thermal resistance, obtained via the Resistance Method (for further details| |see
ISO 11B855-2) [(m*K)/W]. This thermal resistance depends on the characteristics of the circuit, ‘pipe, |and
condugdtive slab (see Figure 14).

— vaeaffer o - water supply temperature required for ensuring comfort conditions [°C].

It is obtained through the following equation:

Ep,, -1000
Set A D o
GWeatper, n= OSlab ~ [ayT] ) (Rint + Rt) [°Cl (3)

0,175m

£
1 5
(=)
w
(b}
Q
[43]
=
=
w
® 2
-
3 ® £
o
<L N
o

Key

1 concrete

2 reinforced concrete

Conductive region: Material 1 and Material 2
Number of active surfaces: 2

Figure 9 — Example 1 — Conductive regions and numbers of active surfaces
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O
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\ . 3
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Q o
N\
N
%]
O
e -~ —
Key
1 wood
air

reinforced concrete
Confluctive region: Material 3
Numpber of active surfaces: 1

Figure 10'— Example 2 — Conductive regions and numbers of active surfaces
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=
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@ o
O
R 0.03m
S 3
W
Ub)
=
el
O
< 4
o 5
N
o
L — —n
Key
1  wood

2 concrete
3 fibreglasp
4  reinforcgd concrete
Conductive region: Material 4
Number of agtive surfaces: 1

Figure 11 — Example 3..—)Conductive regions and numbers of active surfaces
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Slab UCR
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]
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Ry /2°Roy, /2

Row =R, Jo*R,,, ]2

Q
QRUp/Z y R =0, o

Slab

R [2
QPL eDown & ‘pown’' < LCR
‘93|ab
Key
CR conductive region
LCR lower part of the slab conductive region
PL pipe level
Rpovh total thermal resistance of the lower part of the slab conductive region
Rint internal thermal resistance of the slab conductive region
Rup total thermal resistance of the upper part of the slab conductive region
ROS rest of the slab
UCH upper part of the slab conductive region
OpL average daily temperature at the pipe level
Osiab average daily temperature of the conductive region of the slab
Figure 12 — Thermal resistance network equivalent-té’the slab conductive region in simplified sizing
by diagrams
The| coefficients suggested for the calculation ©f the average temperature of the conductive region of the slab
are |given in Tables 2 and 3, depending-on the shape of the internal heat gain profile. For intermediate

duration (e.g. a lunch break), a correspondent interpolation between coefficients of Table 2 ang Table 3 is

recd

mmended.

Table.2 - Constant internal heat gains from 8:00 to 18:00

Orientation of the room

Circuit running mode Number of active East (E) South (S) West (W)
surfaces
w
Floor and ceiling (C2) -4,6 816 -5,3 696 -6,935
Continuous (24 h)
Only ceiling (C1) -6,3 022 -7,2 237 -1,7 982
Floor and ceiling (12) -5,5 273 -6,1 701 -g,7 323
|_Intermittent (8 h)
Only ceiling (I1) -7,2 853 -7,8 562 -8,5 791

© 1SO 2012 — All rights reserved
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Table 3 — Constant internal heat gains from 8:00 to 12:00 and from 14:00 to 18:00

Orientation of the room
Circuit running mode Numsbf:f::ezctlve East (E) South (S) West (W)
w
Floor and ceiling (C2) -6,279 -7,1 094 -7,3 681
Continuous (24 h) —

Only ceiling (C1) -7,9 663 -8,7 989 -8,7 455

| 8 h Floor and ceiling (12) -8,1 474 -8,758 -9,3 264

ntermittent
Only ceiling (11) -10,029 -10,685 -10,967
By the choice of Hg/'g,’r‘]fon , it is possible to adapt the method to different maximum ,room opergtive

temperaturgs, if the same maximum operative temperature drift allowed for comfort conditions is kept.

Max .
QComfort IS
for constant

defined, the tables can be summarized by diagrams. For example, if A4 . "= 26°C, the diag
internal heat gains from 8:00 to 18:00 is as given in Figure 13.

nce
ram

LeF]

— ]
Y 26 79w <&
55 ]
C]
24
C
23
22 T
21 "" = . a3 _..._. 11-\:_\__‘-_.-
20 *n“"‘“ 'ﬂ-“”m
19 -'=,*~ 12
18 <11
1? T T T T """[1
0 0,2 0,4 0,6 0,8 1
\V4
Key
X EDay,OC

Y  Ogap, KWh/m?

Figure 13 — Diagram for determining 6., as a function of the specific daily energy, exposure of the
room (E = east, S = south, W = west), running mode of the circuit (C = continuous -24 h, | =
intermittent - 8 h), and number of active surfaces (1 or 2), in the case of constant internal heat gains

18

during the day

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=229d3d685e4cd3adca6c3a776d62e329

Example

ISO 11855-4:2012(E)

Input data
—  Epay: 0,6 kWh/m?%

— Shape of thermal loads: no lunch break;

Main calculation steps

Individuation of the conductive region and number of
active surfaces:

— OUon : 26°C;
=)
— Exposure of the room: south; 1 §~L
— mn24h; |
— Thermal conductivity of the conductive region aof the 2 g‘
slap: 1,9 W/(m-K); 5\
—| R 0,07 (M*-K)W; .
— | Kind of floor:
3 E
0,15m ® § ~ Conddctive region
E
1 S ~___—Active surfage
O\\L —_————
1
E‘ — Calculation 6hHRint:
2 n
S — Rip= Raown = 0,1/1,9 = 0,053 (m*-K)|W
—C=Rm= 0,0265 (m*K)W
— *Determination of w (from Table 1):
5 ~7,2 237 (m*K)/kWh
E
) g 04, =26,0-7,2237-0,6 =21,7°C
o
0,6-(0,0 265+0,07)-1000
Setp _ ) ) ) y °
HWater,In =21.7- 24 =19.3°C
Key:
1 wood
2 air
3 reinforced cancrete
6.4 Simplified model based on FDM
Thel model is-based on the calculation of the heat balance for each thermal node defined within the slab and
the foom. Thevslab and the room are divided into thermal nodes used to calculate the main heat flows taking
plade during the day. The temperature of each thermal node during the hour under consideration fHepends on
the temperatures of the other thermal nodes during the same hour. As a consequence, the heat palances of
all the~thermat-nodes—wedld—require—the-solutien—via—a-systemef-equations—eran-iterativeselution. The last

option is the one chosen in this part of ISO 11885. As a consequence, most of the equations regarding this
method (see also Annex B) apply for each iteration executed in order to approach the final solution. The use
of an iterative method requires the definition of four quantities:

n. actual number of the current iteration [-];
nvax. Maximum number of iterations allowed [-];
& actual tolerance at the current iteration [K];

&vax:  mMaximum tolerance allowed [K].

© 1SO 2012 — All rights reserved
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The actual number of the current iteration and the actual tolerance at the current iteration are calculated at
each iteration and compared with the maximum number of iterations and tolerance allowed respectively. In
particular, if £ < &uax and n < nyax, then the solution has been found within the given conditions. Instead, if
n >= nyax, then the number of iterations performed has been too high and the solution has not reached the
given accuracy. That would require a higher value of nyax Or &uax, in case a lower degree in accuracy can be

accepted.

6.4.1 Cooling system

As regards the cooling equipment, it is simulated via the following magnitudes:

Setp,h
HWater,

Max,h
Circuit

The limited
supply watg
power expr:

n - water inlet set-point temperature in the h-th hour [°C];

: maximum cooling power reserved to the circuit under consideration in the h-th hour [W].

power of the cooling system shall be taken into account, since the chiller is able'to keep a cons
r temperature only when the heat flow extracted by the circuit is lower than the maximum coq
pssed by the chiller. For further details, see Annex B.

6.4.2 Hydraulic circuit and slab

The Resistance Method (for further details, see 1ISO 11855-2) is appliedyit/sets up a straightforward rela

expressed i
pipe plane,
the pipe pl3
and 15). T
process, se

h terms of resistances, between the water supply temperature and the average temperature a
Dp. SO that the slab can be split into two smaller slabs. In.this way, the upper slab (which is ak
ne) and the lower slab (which is below the pipe plane),are considered separately (see Figure
neir thermal behaviour is analysed through an implicit FDM. For details about the calculz
e Annex B.

tant
ling

ion,
the
ove
5 14
tion
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Key
LS
R

Rw
Rx
R,

S4
S2
us
Oesp,

OpL

GWate

r

o R,+R, *R ™ = S ] = A,
9Water, In VJN l
~
us 9 |«
D
o R,+R, +R o R, | —te
9Water,|n Hesp,Av HPL
o M
LQ LS oA,

lower part of the slab

pipe thickness thermal resistance

convection thermal resistance at the pipe inner_side
pipe level thermal resistance

water flow thermal resistance

slab

thickness of the upper part of the’slab

thickness of the lower part of the slab

upper part of the slab

average temperature at the outer side of the pipe
average temperature jat the pipe level

water inlet temperature

Figure 14 — Concept of the Resistance Method
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us
® g |' II
HWater, In 0Water,Av eesp,Av
LS s‘q
Key
L length of installed pipes
LS lower part of the slab
R pige thickness thermal resistance
Rw comvection thermal resistance at the pipe inner side
Ry pipe level thermal resistance
R, water flow thermal resistance
T pipe spacing
us upper part of the slab

Oesp,Av average temperature at the outer side of the. pipe
Oisp.Av average temperature at the inner side of the pipe
OpL average temperature at the pipe level

Owaterav  Walker average temperature

Owater;n ~ Walter inlet temperature

Owaterout  Waker outlet temperature

Figure 15 — General scheme of the Resistance Method

th a

elinto

account the radiation exchange between them and f|naIIy each slab surface is connected to the wall surface
node (see Figure 16). Moreover, hourly heat gains are distributed on air and surfaces, depending on their
characteristics (see again Figure 16). The composition of heat gains is shown in Figure 17. For further details,

see Annex B.
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ad
2-A-+ A,
|
Qhad ’ AF
2-A-+ A,
S\Q)
xO
Key . c\)lr
A thermal node representing the airi \the room
C thermal node representing the ceiling surface
CHT| convective heat transfer &
F thermal node representingthe floor surface
Iw thermal node repr@‘uting the internal walls
IWS thermal node enting the internal wall surface
RHT radiant heaﬁfer
Ocon total co Qctlve heat gains
ORad totaé@gnt heat gains
é?‘ Figure 16 — Scheme of the thermal network representing the room
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TES+5G

-

E Rad

clo

Key
CIHG convective internal heat gains
DWC degign weather conditions
IHG internal heat gains

RIHG radiant internal heat gains
Oconv totgl convective heat gains

ORad total radiant heat gains
SG solar gain
TES trapsmission through the external surfaces

Figure 17 — Heat loads acting in the room and how they take part in the calculations

6.4.4 Limits of the method

The followingimitations shall be met:

— pipe spacing: from 0,15 m to 0,3 m;

— usual concrete slab structures have to be considered, 1= 1,15-2,00 W/(m-K), with upward additional
materials, which might be acoustic insulation or raised floor. No discontinuous light fillings can be
considered in the structures of the lower and upper slabs.

If these conditions are not fulfilled, a detailed simulation program has to be applied for dimensioning the TAS
(see 6.5).
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Under the above-mentioned conditions, a cooling load calculation or a simulation for a convective system can
be carried out for an entire 24 h period and with an internal temperature equal to the average room operative
temperature during the occupancy hours. The results of this calculation to be taken into account as input for
the present simplified model are the solar heat gains and the heat flows into the room from the external
surface.

6.5

Dynamic building simulation programs

For all cases which are not in the range of validation of the simplified methods, TABS calculations have to be
carried out by means of a detailed dynamic building-system model.

Thege TABS calculations have to take into account the water flow into the pipes, the heat conduct
upward and downward surface of the slab and the pipe level, heat conduction of each wall;~muty
between internal surfaces, convection with air, and the thermal balance of the air.

Wh

7

never results of TABS calculations are reported, the computer program applied shall be specif]

Input for computer simulations of energy performance

on between
al radiation

ed.

To facilitate dynamic computer simulations of buildings with embedded-radiant heating and coolifg systems,

the
surf

For
and

For

calg
surf

whs

equivalent resistances between the heat conduction layer (pipe level) and the upward and
hces can be used.

outward resistance is calculated.

type A, B, C and D systems (in ISO 11855-1 and\EN 1264-2 and EN 1264-5) the equivalent r
ulated from the inward specific heat flow, ¢i; and outward specific heat flow, ¢,, taking into
ace resistance according to this equation:

Equivalent resistance, R = 46/q — 1/ [m? K/W]

re

46 is the heating/cooling medium temperature difference [K];

hy is the total heat transfer coefficient (convection + radiation) between surface and space [V]

downward

type E, F, and G systems in ISO 11855-1, this resistance s directly calculated. Both the equivalent inward

bsistance is
account the

/(m?-K)).
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Annex A
(informative)

Simplified diagrams

Based on the simplified calculation method in 6.4, the following diagrams for design of a TABS have been
developed. The diagram in Figure A.2 shows an example of the relation between internal heat gains, water

supply temy
The diagra
1,2 W/(m-K

The upper
(internal ga

the diagram correspond to different hours of operation (8 h, 12 h, and 24 h) and differentidaily energy g
)

[Wh/(m*-d
The lower
chiller) for T
rejected pe

The examp

, pipe spacing of 0,15 m and a permissible room temperature range of 21°C to 26°C.

diagram in Figure A.2 shows on the Y-axis the maximum permissible total heat gain in sf
ns plus solar gains) [W/m2], and on the X-axis the required water supply temperature. The ling

diagram in Figure A.2 shows the cooling power [W/m?] required on.the water side (to size
AS as a function of water supply temperature and operation time. Further, the amount of en
day is indicated [Wh/(m*-d)].

le shows that by a maximum internal heat gain of 48 W/f? and 8 h operation, a supply W

mmfmmmmmmmwﬂmﬁ, ; ide.
ms correspond to a concrete slab shown in Figure A.1 with a solid concrete floor, conduciivity

ace
s in
hins

the
Brgy

ater

temperaturg of 17,8 °C is required. If, instead, the system is in operation for 24 h, a supply water tempergture

of 21,3°Ci
day. The rg
20 Wim?. T

5 required. In total, the amount of energy rejected fromthe room is afproximately. 460 Wh/m]
quired cooling power on the water side is for 8 h gpération 58 W/m* and for 24 h operation
nus, for a 24 h operation, the chiller can be much smaller.

0,15m

=
0,07m

per
bnly

26

0,20m

Key
1 concrete

2 reinforced concrete

Figure A.1 — Slab used in the simplified calculations
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choice of TABS
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. :.--"4‘;5[] Whim? overall heat gain
Key
X (upper diagram),._supply water temperature, °C
Y (upper diagtam) maximum heat gain, W/m?
Y (Idwer diagram) size of the chiller, W/m?
Figure A.2 — Simple diagrams showing the relation between heat gains in the room, lines fior system

running hours, supply water temperature 6,,, and energy removal on the water side

The diagrams in Figure A.4 correspond to a concrete slab shown in Figure A.3 with a solid concrete floor
(conductivity 1,2 W/(m-K)), pipe spacing of 0,15 m and a permissible room temperature range of 21°C to
26°C.

The upper diagram in Figure A.4 shows on the Y-axis the maximum permissible total heat gain in space
(internal gains plus solar gains) [W/mz], and on the X-axis the required water supply temperature. The lines in
the diagram correspond to different hours of operation (8 h, 12 h, and 24 h) and different daily energy gains
[Wh/(m*-d)].
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The lower diagram in Figure A.4 shows the cooling power [W/m2] required on the water side (to size the
chiller) for TAS as a function of water supply temperature and operation time. Further, the amount of energy
rejected per day is indicated [Wh/(mz-d)].

The example shows that by a maximum internal heat gain of 48 W/m? and 8 h operation, a supply water
temperature of 17,0 °C is required. If, instead, the system is in operation for 24 h, a supply water temperature
of 20,5 °C is required. In total, the amount of energy rejected from the room is approximately 460 Wh/m? per
day. The required cooling power on the water side is for an 8 h operation 58 W/m? and for a 24 h operation
only 20 W/m?. Thus, fora 24 h operation, the chiller can be much smaller.

&
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0,15m Q
- O
1 |
e
2 ©
Q
o
)
\
3 &
Q@ o
X S|
O £
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N
o
Key
1 wood
2 concrete
3 fibreglass
4 reinforced concrete

Figure A.3 — Slab used in the simplified calculations
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Figure A.4 — Simple diagrams showing the relation between heat gains in the room, lines for system

running hours, supply water temperature 6,,
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Diagrams like the ones in Figures A.2 and A.4 can be extended to different maximum operative temperatures
allowed (but keeping the same room temperature drift). Such an extension can be performed by modifying the
X-axis of both of the diagrams by the following equation:

Setp _ pSetp Max Max
HWater,In - HWater,ln,Ref + (QComfort - HComfort,Ref) [°C] (A.1)
where
eé”(f‘rﬁfon is the maximum allowable operative temperature in the case under consideration [°C];

Hé"c?r’,ﬁfotRef is the maximum allowable operative temperature in the reference case of the diagram|[fC];

9\,Sve;tper in is the water inlet temperature in the case under consideration [°C];
9\?\/6;& In.Ref is the water inlet temperature in the reference case of the diagram [°C].

Moreover, {he second diagrams in Figures A.2 and A.4 can be substituted by the following equation, if no
graphical sypport is needed:

O =122 Wim?] h.2)
0
where
Ow is the average specific cooling power of TABS [W/mz];

Epay | is the specific daily energy gains [Wh/m®];
np is the number of running hours [h].

As regards [the heating capacity, dynamic_calculations can also be carried out when looking at the possibility
to use the pystem only for a part of thexday. If steady state calculations are needed, this shall be don¢ by
using the Resistance Method introduced in ISO 11855-2.

30 © IS0 2012 — Al rights reserved


https://standardsiso.com/api/?name=229d3d685e4cd3adca6c3a776d62e329

ISO 11855-4:2012(E)

Annex B
(normative)

Calculation method

B.1 Pipe level

R; i$ the total thermal resistance [(mz-K)/W] between the water supply temperature andhthq pipe level
temperature, determined by the Resistance Method (for further details see ISO 11855-2). Rycan be calculated
through Equation (B.1):

Ry =R, +R,, +R, +R, (B.1)
whdre
o3 0,87 T-ln(dd;} T.]n( Td J
Rz:.;v RW=T M R = 2« ~ 4% and szé_
2'mH,5p'Cw 8- My Ly 274, 2. A

Twq conditions shall be fulfilled for the application of these équations:

— |the equation for R, is valid only if s4 /W > 0,3, s, /W*>.0,3, and da/W < 0,2;

— |the equation for R, is valid only if 7, -c, -(RW +R, +RX)2

N~

If bgth conditions are fulfilled, the equation-®; = R, + R, + R, + R, can be applied.

B.4 Thermal nodes composing the slab and room

The| slab is composed of J= J; + J, material layers, where J; is the number of layers constituting the upper
part of the slab and Jsis\the number of layers constituting the lower one. As a consequence, J setg of physical
properties (g, ¢, 4))shall be known. Besides, each layer has its own thickness, &, thus, for [geometrical
congistency:

J+Jo

Jq 1 s

N 251 and S2 = . Z i
J=1 J:J1+1

For the calculations, each material layer is subdivided into a number of smaller divisions. For each material
layer, the number of layers, mj, into which it is divided for the calculations, shall be decided. Each division
inherits the physical properties from the material layer which it belongs to. Each layer division constitutes a
thermal node, that is a finite volume where a local heat balance is performed, in order to get temperatures and
heat flows taking place within the slab and the room.

For a consistent description of the thermal behaviour of the slab and room, more thermal nodes shall be
defined. Totally, the following thermal nodes shall be built up:

— Thermal nodes representing the slab divisions (thermal nodes “I”, standing for “internal”);
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— Thermal node placed at the floor surface, over additional thermal resistances such as carpets, moquette,
and raised floor (thermal node “F”, standing for “floor”);

— Thermal node placed at the pipe level surface, connecting the slab with the water circuit (thermal node
“PL”, standing for “pipe level”);

— Thermal node placed at the ceiling surface, below additional thermal resistances such as suspended
ceiling (thermal node “C”, standing for “ceiling”);

— Thermal node placed at the surface of the internal walls, over the thermal resistance constituted by the
interna i “ » i »y.

— Thermal node placed inside the internal walls (thermal node “IW”, standing for “internal walls”);
— Thermal node representing the air node (thermal node “A”, standing for “air”).
The thermal nodes should be enumerated according to the following the following rules:
— Thermal node 1: thermal node “F”;
Jy

— Thermal nodes 2to 1+ ij : thermal nodes “I” representing the upper part of the slab;
1

‘]l
—  Thermé4l node 2 + ij : thermal node “PL”;
1

Ji Ji+J,
— Thermal nodes 3+ ij to 2+ Z m: thermal nodes “I” representing the lower part of the slab;
1 1

Ji+J,
— Thermal node 3+ z m; : thermal node “C”;
1

Ji+J,

— Thermal node 4 + z m: thermal node “IWS”;
1

Ji ey

— Thermal node 5+ Z m;: thermal node “IW”;
1

Ji+J,

— Thermapl node 6+ Z m;: thermal node “A”.
1

The following figures summarize the thermal nodes mentioned above.
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Figure B.1 — Example of thermal nodes representing the slab

© ISO 2012 — All rights reserved

33


https://standardsiso.com/api/?name=229d3d685e4cd3adca6c3a776d62e329

ISO 11855-4:2012(E)

(TrnD12(C)

(_THND1Z(IWs) ]
| THND14 (W) |
| A NW
| THND15 (A) | a,— — —-—- ° M-

%/
o)
>
N

O
/ / s
<O

Cmform J | QQ'

\i s\\§\
| | S
N
Key A\Q)
A air O
C celing c\}‘
CHT convective heat transfer C)\\
F flopr
W intgrnal walls O®
IWS inttrnal wall surface C)
RHT radiant heat transfer O :
THND  thgrmal node \c~>

S

Figute B.2 — Ex?a@'p e of thermal nodes representing the room and correlated heat transfer
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%Q

In order to ngrm heat transfer calculations, each thermal node is characterized by three main physical
magnitudest
— thermal inertia of the p-th thermal node:
J
For thermal nodes “I”: Co=pjcj— (B.2a)
i
For thermal nodes “IW": C,, = Cyy (B.2b)
For thermal nodes “F”, “PL", “C”, “IWS”, and “A™ C, =0 (B.2c)
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— thermal resistance RU,, which connects the p-th thermal node with the boundary of the previous thermal

node:

5.
For thermal nodes “I”: RUp = )

For thermal nodes “C™: RU, = Raqqc

For thermal nodes “IW": RU, = Ryyais

(B.3a)

(B.3b)

(B.3c)

For thermal nodes 'F, 'FL", 'Wo', and "A™. KU, =0

p

— |thermal resistance RL,, which connects the p-th thermal node with the boundary of the néxt th

Jj

P - 2mJ/IJ

For thermal nodes “I”: RL

For thermal nodes “F": RL, = Raqq F
For thermal nodes “IWS™ RL, = Rygis

For thermal nodes “PL”, “C”, “IW”, and “A”: RLp =0

B.3 Calculations for the generic h-th hour
Further data required to perform the simulations are listed below:

— | 4 : Area of the heating/cooling surface:[m’]

— | Ay : Total area of the internal vertical walls [m2]

— | Fyf-c: view factor between the floor and the ceiling [-]

— | Fyr.pw : view factor-between the floor and the external walls [-]

— | hap : convective heat transfer coefficient between the air and the floor [W/(mz-K)]
— | hac : convective heat transfer coefficient between the air and the ceiling [W/(mz-K)]

— | haqy\&convective heat transfer coefficient between the air and the internal walls [W/(mz-K)]

2 1 NpAn

(B.3d)

brmal node;

(B.4a)

(B.4b)

(B.4c)

(B.4d)

ha) alalids Lila l HP § H 4lo l el £ il L oL \
— I\AddC - AUUTUUTIAl UTTSTIiTiar reolotdrivc CUVTTITTY LT TUWTT SIUT UT U SIdu [T IN)IVV]
—  RpgqF : @dditional thermal resistance covering the upper side of the slab [(mZ-K)/W]

—  Ryals : Wall surface thermal resistance [(m?K)/W]

— Cyy : average specific thermal capacity of the internal vertical walls [m?]
— Ry : circuit total thermal resistance [(mz-K)/W]

— 1y 5 @ specific design water flow in the circuit [kg/(s-mz)]
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Cw 'SP

ecific heat of water [J/(kg-K)]

frrr‘n : running mode for each h-th hour [-]

— Pgl'r"’(‘:ﬁrt’ : maximum cooling power reserved to the circuit under examination for each h-th hour [W]
— va‘;tfépln: water inlet set-point temperature for each h-th hour [°C]

err]thonv : internal convective heat gains for each h-th hour [W]

— err‘,tRad Tinternat radtant heat gains for each h-th hour [W]
— QSrimAr : primary air convective heat gains for each h-th hour [W]
— qun: solar heat gains in the room for each h-th hour [W]
— Q?rans [, : transmission heat gains for each h-th hour [W]
— At caleulation time step [s]. For hourly time steps: A4 =3 600 s
—  aM&: maximum number of iterations allowed [-]
— §Max: maximum tolerance allowed [K]
The values|of Q,?}tCom,, err]nRad’ Q,QrimAir, qun, and Q?ransm shall be known for the whole day. Q,?}tC)m,,
er,‘]tRad ang QBrimAir depend on the people and the equipmentin the room and on the possible air supplyfand
infiltration, pnd can thus be estimated.Qgun and Q?ransm can be calculated by other software (thrqugh
commerciall software enabling calculation of the coolingiloads of a room with a constant room tempergture
equal to thg average room operative temperature during occupancy hours).
For every time step, the running strategy of thel circuit fr?n shall be decided before the simulation is stafted,
and the supply water temperature ﬁ\fveatfe'lsmbt is an input as well. These parameters are chosen by| the
designer and, by performing the simulation with different sets of parameters, it is possible to approach| the
best combination of running strategy of the circuit and supply water temperature.
The followirjg shortcuts are useful in the following calculations:

Fopow|=1=Fyr_gw-—Fyr-c [-]

he_w +5.5- Fopw [W / (m?K)]

he_c 455 F k¢ W /(m?-K)]

At each h-th hour, the following calculations shall be executed:

— Calculation of the heat loads acting in the room:

h h h h
QConv =0,15- QTransm + QIntConv + QPrimAir

n h h h
ORad = 0,85- OTransm + PintRad + 9Sun

(W]
(W]

From estimations performed on several detailed simulations, it was assumed that about 15 % of the heat
gains passing through the external wall act on the room in a convective way, while the remaining 85 % can be

considered

36

a pure radiant heat load.
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From this point on, iterations shall be performed, at each hour, in order to approach the solution of the thermal
field in the room. The main points of the iterations are listed below:

— Determination of the water supply temperature. The inlet water temperature is calculated by taking into
account the average heat flow extracted in the hour under consideration, according to the following

equation:
h Max,h
hater 1 = MaX ine;fép,inﬁ%ater,in N (Q.Cir:cuit _PCira::)l(Jit) rC]
Mi,sp - AF *Cw
where
9\?\/62{22'” is the water inlet set-point temperature in the h-th hour [°C];
g\r/]Vater,In is the water inlet actual temperature in the h-th hour [°C];
Qgircuit is the heat flow extracted by the circuit in the h-th hour [W}];
Pgl'iﬁlrt‘ is the maximum cooling power reserved to the ciretit under consideration in the -th hour
WI;
mﬂ,sp is the specific water mass flow in the circuit in the h-th hour [kg/(s-m);
Ar is the area of the heating/cooling surface [m?];
Cw is the specific heat of the fluid’flowing in the circuit [J/(kg-K)].

— Calculation of the temperaturé of each thermal node, at the current iteration of the h-th hopr.

Each p-th thermal node has peculiar characteristics that can be summarized in coefficients (“H”)| to be used
as ghortcuts in the calculation-of the energy balance for each thermal node:

Hy is the eoefficient summarizing the heat transfer coefficient between the p-th thermal node
and-thermal node “air” [W/K];

Hws is-the coefficient summarizing the heat transfer coefficient between the p-th thermal
node and thermal node “internal wall surface” [W/K];

He is the coefficient summarizing the heat transfer coefficient between the p-th thermal node
and thermal node “floor” [W/K];

Heg is the coefficient summarizing the heat transfer coefficient between the p-th thermal node
and thermal node “ceiling” [W/K];

HRag is the fraction of room radiant heat loads impinging on the p-th thermal node [-];
Heony is the fraction of room convective heat loads acting on the p-th thermal node [-];
Hcondup is the coefficient summarizing the thermal conduction connection between the p-th thermal

node and the previous thermal node [i.e. the (p-1)-th thermal node] [W/K];

Hecondbown is the coefficient summarizing the thermal conduction connection between the p-th thermal
node and the next thermal node (i.e. the (p+1)-th thermal node) [W/K];
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Hinertia is the coefficient summarizing the inertia contribution at the p-th thermal node [W/K];

Heircuit is the coefficient summarizing the heat transfer coefficient between the p-th thermal node
and the water inlet temperature [W/K].

The coefficients seen above are specified for each thermal node, in Table B.1.
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By means of the coefficients seen above it is possible to calculate the temperature of each node
at the end of the time step under consideration. At each iteration, the temperature of each
thermal node, at the end of the time step under consideration, is calculated via the following
equation:

h h h h h h
Hpjr -Op + Hyys -Ows + Hp -0 + Hc - 0c + HRag - ORad + H conv - OConv +

h h h-1 h h
h +HCondUp 'ep—1 + HCondDown '9p+1 + Hlnertia 'ep + HCircuit 'HWater,ln 'frm

oh -
P h
Hp +Hws +Hg +Hc + Hcondgup + H condbown + Hinertia + H Circuit * /rm

[°C]

The achieved temperatures 9: are stored and compared with the ones calculated (at] the

previous iteration (6" ), in the following way:

— Calculation of the actual tolerance at the current iteration: & = Z(HQ —0;") IK];
r

— Compdrison of the actual tolerance with the maximum tolerance allowed: & <&y, /!

If &>&uax and n<myyy, then the required accuracy has, nob ‘been reached and angther
iteration must be executed.

If one more iteration more must be executed, then\OL. .. is calculated via the folloying
equation:

(QIEL - e\r/]Vater,In )

Qgircuit: ! fr:w ! AF [W]
Rt

Otherwise, the following quantities can be calculated and stored:

h  ,h
h (HPL - HWater,In ) h
QCircuit= R 'frm 'AF [W]
t
h_ . h_(oh , h _ ,h , h _h Ae h
OF=hpnr - 4F (9A HF)+hF—C Ap (‘90 9F)+hF—W Ap <9lws 9F)+2'AF+AW ORad [VY]
h h ,h h ,h h h Ar h
Oc=hp_s-4F (5’A —9c)+hF-C - Af <9F —‘90)+hF-w -Ap (5’|ws _HC)+T'QRad W1
. F+AW

h h  oh h  oh h  ,h
Ows=la-w - Aw <0A —9|WS)+ he_w - AF (9F _QIWS)+hF—W - Ap (90 —9|WS)+

VAL

Ay h w
+—.
2‘AF + Ay ORad
h h h
oh__ AF OF + Ap Oc + Aw Yws C]
MR 2. AF + AW
h  ph
Gp +6, o

ngz A "YMR [ C]

2
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h
h h OCircuit o
Owater,0ut= Owater,In + e o [°C]
My sp " A4F "Cw

B.4 Sizing of the system

The allowed range for the operative temperature of the room is usually 20 °C to 26 °C. If the room operative
temperature is always in this range (or in any range of comfort temperatures chosen by the planner and
agreeing with local or international standards), then the system is well sized. Otherwise the running strategy,

the supphwater temperature orthe circuit- characteristics-have to be changed
Ll il 4 Ll =4
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(informative)

Annex C

Tutorial guide for assessing the model

The following values will be used:

J1 S Input

Jo 1 Input

01 0,02 m Input

mi 2 Input

M 0,17 W/(m-K) Input

P1 700 kg/m® Input

c1 2300 J/(kg-K) Input

02 0,07 m InpUt

2 ma 3 Input
g A2 1,1 W/(m*K) Input
5 pa 1900 kg/m® Input
8 e 850 J/(kg-K) Input
E 03 0,1m Input
g ms3 4 Input
A3 1,9 W/(m-K) Input

p3 2000 kg/m® Input

c3 880 J/(kg-K) Input

04 0,1m Input

ma 4 Input

Ja 1,9 WAm-K) Input

P4 2000'kg/m® Input

ca 880 J/(kg-K) Input

At 3600 s Input

AF 30 m? Input

Aw 48 m? Input

T har 1,5 W/(m?-K) Input
3 had 5,5 W/(m?K) Input
g Toaw 2,5 W/(m?-K) Input
£ Fyeew 0,21 Input
8 Ec 0,35 Input
£ Raddr 0,1 (m*K)/W Input
= Raddc 0 (m*K)wW Input
Rwaiis 0,05 (M*-K)/W Input

Cw 25600 J/(m?K) Input

-‘S s Ry 0,073 (M*K)/W Input
52 Cw 4187 J/(kg-K) Input
é 5 Tt sp 0,01 kg/(m?'s) Input
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