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European foreword

This document (EN 15026:2023) has been prepared by Technical Committee CEN/TC 89 “Thermal
performance of buildings and building components”, the secretariat of which is held by SIS.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by January 2024, and conflicting national standards shall
be withdrawn at the latest by January 2024.

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

This document supersedes EN 15026:2007.

The significant technical changes compared to the previous edition EN 15026:2007 of the standard are:
— the scope has been shortened;

— all the transport formulae are given for two-dimensional calculations and source terms for auxiliary
models accounting for special effects have been added;

— approaches to calculate the sources and sinks in the transport formulae to account for these special
effects, i.e. component ventilation, rainwater penetration and air infiltration, are documented in
Annex E;

— ice formation and freezing enthalpy have been added to the heat transport formula;

— the section on material properties has been expanded with more detailed information given in
Annex A;

— the sections on internal and external boundary conditions and the corresponding annexes have been
modified to account for new research results.

Any feedback and questions on this document should be directed to the users’ national standards body.
A complete listing of these bodies can be found on the CEN website.

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland,
Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North
Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tiirkiye and the United
Kingdom.

Documents
Document Sharingj—lub

Full document details: BS EN 15026:2023


https://doi.org/10.3403/30124008?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/30124008?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-15026-2023
http://www.avadocuments.com/doc/bs-en-15026-2023

EN 15026:2023 (E)

Introduction

This document defines the practical application of hygrothermal simulation software used to predict
transient heat and moisture transfer in multi-layer building envelope components subjected to dynamic
climate conditions on either side.

In contrast to the steady-state assessment of interstitial condensation by the Glaser method (as described
in EN ISO 13788), transient hygrothermal simulation provides more detailed and accurate information
on the risk of moisture problems within building components and on the design of remedial treatment.
While the Glaser method considers only steady-state conduction of heat and vapour diffusion, the
transient hygrothermal simulation models which are composed of the formulae defined in this document
also take account of heat and moisture storage, latent heat effects and liquid and convective transport
under realistic boundary and initial conditions. The application of such models has become widely used
in building practice in recent years, resulting in a significant improvement in the accuracy and
reproducibility of hygrothermal simulation.

The following examples of transient heat and moisture phenomena in building components can be
simulated by the models covered in this document:

— drying of initial construction moisture;

— moisture accumulation by interstitial condensation due to diffusion in winter;

— moisture penetration due to driving rain exposure;

— summer condensation due to migration of moisture from outside to inside;

— outside surface condensation due to cooling by long-wave radiation exchange;

— moisture-related heat losses by transmission and moisture evaporation.

The factors relevant to hygrothermal simulation of building components are summarized below. The
document starts with the description of the physical model on which hygrothermal simulation tools are
based. Then the necessary input parameters and their procurement are dealt with. The evaluation,

interpretation and documentation of the output form the last part. Benchmark cases for the assessment
of numerical simulation tools are discussed in Annex B.

Input parameters include:

— assembly, orientation and inclination of building components;

— hygrothermal material parameters and functions;

— boundary conditions, surface transfer for inside and outside climate;
— initial condition, calculation period, numerical control parameters.

Output parameters include:

— temperature and heat flux distributions and temporal variations;

— water content, relative humidity and moisture flux distributions and temporal variations.
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Based on the output parameters, experimentally validated post-processing tools can help to evaluate:

— Moisture dependent thermal performance;
— biological growth, rot and corrosion;
— moisture-related damage and degradation.

Outputs from the calculations are useful for various purposes, but applications are not covered by the
standard and are made at the user's own risk.
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1 Scope

This document specifies the model components to be used in a numerical hygrothermal simulation model
for calculating the transient transfer of heat and moisture through building structures.

This document specifies a method to be used for validating a numeric hygrothermal simulation model
claiming conformity with this document.

2 Normative references

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

EN ISO 7345, Thermal performance of buildings and building components — Physical quantities and
definitions (1SO 7345:2018)

EN ISO 9346, Hygrothermal performance of buildings and building materials — Physical quantities for
mass transfer — Vocabulary (1SO 9346:2007)

3 Terms, definitions, symbols and units

For the purposes of this document, the terms and definitions given in EN ISO 9346 and EN ISO 7345 apply.
The following symbols and units apply.

Symbol Quantity Unit
a, rain water retention factor of a surface -(0..1)
cq specific heat capacity of liquid water J/(kg-K)
c, specific heat capacity of water vapour J/(kg-K)
Cice specific heat capacity of ice ]/ (kg-K)
C, specific heat capacity of air ]/ (kg-K)
(o specific heat capacity of dry material (solid) ]/ (kg-K)
Dy liquid conductivity m?2 /s
E . total flux density of incident solar radiation W/m?2
9.9, | density of moisture flow rate kg/(m2-s)
9 density of liquid water flow rate kg/ (m2~s)
T f[i;enzigf;fevge;'f; gigi;?te which can be absorbed at kg/(mz-s)
9, dens'ity of'moisture flow rate of available water from kg/(m2-s)
precipitation
g, density of water vapour flow rate kg/ (m2~s)
h surface heat transfer coefficient w/ (mZ-K)
Documents
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Symbol Quantity Unit
h, convective heat transfer coefficient w/ (mZ.K)
h specific latent enthalpy of evaporation or

€ condensation J/kg
h, specific enthalpy of liquid water ]/kg
h. radiative heat transfer coefficient w/ (mZ-K)
h, specific enthalpy of water vapour ]/kg
K, liquid conductivity s/m
n air change rate 1/s
p, ambient atmospheric pressure Pa
p. capillary pressure Pa
p, partial water vapour pressure Pa
partial water vapour pressure in the
Pye . . . Pa
' environment/ambient air
Pys partial water vapour pressure at a surface Pa
Py sat saturated water vapour pressure Pa
q density of heat flow rate W /mZ
Dsens density of sensible heat flow rate W/m?2
n liquid moisture flow resistance of interface m/s
Ry normal (i.e. vertical) rain rate mm/s
r, rain exposure factor of a surface -
r, water vapour diffusion resistance of interface m/s
R, gas constant of water vapour ]/ (kg-K)
s water vapour diffusion equivalent air layer thickness m
dss of a surface layer
S, source term for internal energy ]/(mS_S)
Sw source term for moisture kg/(m3-s)
T thermodynamic temperature K
T, ambient air temperature K
T, temperature of a surface K
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Symbol

Quantity

Unit

time

internal energy density of the material

wind speed

moisture content

kg/m3

liquid water content

kg/m3

sat

saturation moisture content

kg/m3

ice content

kg/m3

distance

m

solar absorptance

-(0..1)

vapour permeability of still air

kg/(m-s-Pa)

vapour permeability of a material

kg/(m-s-Pa)

long-wave emissivity of the outside surface

~(0..1)

Celsius temperature

°C

thermal conductivity

W/(m-K)

relative humidity

~(0..1)

water vapour diffusion resistance factor

density of air

kg/m3

density of solid material matrix

kg/m3

density of liquid water

kg/m3

4 Hygrothermal formulae and material properties

4.1 Assumptions

Formulae (1) to (16) contain the following assumptions:

— geometry remains constant with no swelling or shrinkage;

— no chemical reactions are occurring;

— local equilibrium exists between liquid and vapour, without hysteresis;

— moisture storage function is not dependent on temperature.
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4.2 Balance formulae

4.2.1 General

The development of the formulae is based on the conservation of energy and moisture mass. The
mathematical expressions of the conservation laws are the balance formulae. Heat conservation shall be
expressed by the change of internal energy u over time in accordance with Formula (1).

ou 8(q+hvgv+hl gl)k
— == +S (1)
ot X, u

The moisture mass conservation shall be expressed in accordance with Formula (2)

olg, +yg
@:_M+5W (2)
ot ka

The subscript k denotes the directions x, y, z, both for the coordinates and the corresponding flux
quantities g and g. Removing the index k from the formulae yields the formulation for one-dimensional
problems. q and g are vectors and the derivative of vector g, for example, expands for two-dimensional
problems to Formula (3).

oq, oq, 94,

X

ox,  0x ay (3)

4.2.2 Internal energy density

A reference state shall be selected when defining the internal energy density and associated enthalpies.
Then u is defined as energy density relative to some reference energy density upef at the reference

temperature, Tyef
U= pg-Cqg '(T_Tref)-i_wl G .(T_Tref)-i_wice .(C ice (T_Tref)_hice) (4)

NOTE1 The internal energy density, u, of a dry building material depends on its temperature. It is possible to
use a linear relation for this purpose within temperature ranges that can occur in buildings. The internal energy of
water as liquid and/or ice is additionally present in moist materials. The internal energy stored in the gas phase, i.e.
dry air and water vapour, can be neglected.

In the time scales relevant to application of this document, freezing and thawing processes are considered
to be fast enough to treat freezing and thawing of ice inside the porous material as equilibrium processes.
Macroscopically, still a time delay in thawing/freezing can be observed, which is then mainly governed
by the ability of the material to transport heat to or from the freezing zone.

Depending on the choice of the reference temperature, Tyef (0K or 273,15 K) the corresponding freezing
enthalpy hjqe shall be inserted into Formula (4) (see Table 1).

NOTE 2 A consistent model can ensure that in the presence of ice the sum of the volumetric contents of liquid
water and ice will not exceed the available porosity of the material.
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4.2.3 Additional source terms

When additional source terms are used they shall be integrated by using the Auxiliary models in Annex E.

NOTE Additional heat sources, S;;, and moisture sources, S,,, allow the consideration of special effects, for

instance building component ventilation or additional moisture sources due to rain water penetration. The use of
source terms makes it possible to integrate auxiliary models into the balance formulae which can be tailored to the
effects to be factored in.

4.3 Relations between driving potentials and conserved quantities

The primary state variables or conserved quantities are the internal energy density u and the water
content (moisture mass density) w, defined through the balance formulae for energy and moisture mass.
The calculation of the energy and mass flows of the individual transport processes requires additional
state variables or driving potentials: capillary pressure, p., partial pressure of water vapour, py and

temperature, T.
The relative humidity shall be calculated in accordance with Formula (5):
P

? = D) ©)

The capillary pressure of the pore water is related to the relative humidity of the surrounding air by the
Kelvin Formula (6):

P, = leVTln(go) (6)

The consideration of moisture transfer in capillary active materials requires a sufficiently well defined
sorption isotherm in the humidity range 92 % < ¢ < 100 % .

4.4 Transport of heat and moisture

4.4.1 General

In Formulae (7) to (9) one-dimensional flux density expressions are used. 2D and 3D formulations are
obtained through use of directional indexes, k, for the vector flux quantities (see 7.2).

4.4.2 Heat and enthalpy transport inside materials

Heat transport shall be composed of sensible and latent components. Heat transport by thermal
conduction q shall be calculated with Fourier’s law (Formula (7)) with a thermal conductivity which

depends on moisture content. If ice is considered in the calculation, the thermal conductivity /I(w,wice)

also depends on the ice content w, , (see A.3).

T

= (7)

q=Aw)

The condensation of water vapour into liquid water is a phase change releasing heat. Evaporation is a
phase change absorbing heat. Mathematically this is incorporated in the model by associating liquid and
vapour mass fluxes with different levels of enthalpy. These fluxes are associated with convectively
transported sensible and latent energy.
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Convective heat transport by water vapour shall be calculated in accordance with Formula (8):
h,9, :(Cv'(T_Tref)'gv) (8)
Convective heat transport by liquid water shall be calculated in accordance with Formula (9):

h g :Cl'(T_Tref)'gl ()

NOTE The convective transfer of sensible heat, i.e. the terms with thermal capacities cv and cl, can be ignored
in applications where moisture fluxes are small. In other cases, for example, when considering driving rain
penetration or liquid water uptake, these terms can be important. In the case of rainwater penetration, care has to
be taken to distinguish rain temperature from ambient air temperature.

The latent heat of evaporation hg shall to be defined in agreement with the selected reference
temperature Tpefin the internal energy density Formula (4). The constants for heat capacities and latent
heat of evaporation listed in Table 1 shall be used. Similarly, the freezing enthalpy (heat of fusion) shall
to be chosen based on the selected reference temperature.

Table 1 — Heat capacities and latent heat of evaporation

Property Symbol Value
Specific heat capacity of liquid water cq 4180 J/(kg'K)
Specific heat capacity of water vapour Cy 2050]/(kg-K)
Specific heat capacity of ice Cice 2108]/(kgK)
Latent heat of evaporation, Tyef = 273,15K he 2503 000]/kg
Latent heat of freezing, Tref=273,15K hice 333550]/kg
NOTE The constant ¢, does not have a large influence on the simulation results, since the latent heat of
evaporation dominates the energy transport in the gas phase. Hence, use of different values for this constant will
not affect simulation results much.

The heat of sorption as well as condensation is considered in the model through Formulae (3) and (7).
Moisture entering a porous system as vapour with associated latent heat (7) and condensing into the
liquid phase will cause the temperature to increase (3). Moisture evaporating from the liquid phase will
leave the porous system with associated latent heat, thus reducing the temperature (3).

4.4.3 Moisture transport

In porous building materials, moisture transfer occurs through capillary liquid transport and diffusion of
water vapour as specified in Formula (10):

Iw =9y +9 (10)

Various physical transport mechanisms are behind these processes. Vapour diffusion is the result of a
partial pressure gradient of water vapour in the pore air, thus including the effect of differences in water
vapour concentration in the pore air and temperature as defined in Formula (11).

o, O
__%0 %Py (11)

u ox

v
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The water vapour permeability &, of still air is divided by the material-dependent water vapour diffusion
resistance factor y to take account of the reduced cross-section available for vapour transport and the
longer diffusion path along the winding pores if diffusion occurs in a pore system rather than a bulk
volume of air. This material property is typically moisture-dependent, usually expressed by y(w) or

,u((a) . The water vapour permeability 5, of a material is defined by Formula (12):

5, (T
s, (T,w)= (7) (12)
p(w)
The transport function is then defined by Formula (13)
op,,
g, =9, (T,W) o (13)

The vapour permeability of air ¢, is a temperature-dependent quantity. For practical purpose it can be

taken as constant or as function of temperature and ambient pressure.

Liquid transport, the result of capillary forces is related to the capillary pressure gradient by

Formula (14):
op..

' %y (14)

9, =K

The liquid water conductivity K, is a function of moisture content, typically expressed as K, (w) or

K, ( P. ) . Secondary transport mechanisms, such as surface diffusion, shall be included in the liquid water
conductivity function (measurement of such effects alone is generally not possible).

The temperature dependence of the water vapour diffusion resistance factor and the liquid water
conductivity may be neglected. In cases where such dependency is critical, for example in polymers, the
temperature dependence shall be incorporated into the water vapour permeability function.

NOTE Temperature increase reduces the viscosity and the surface tension of the pore liquid. Within the
application scope of this document, the impact is expected to be low. It is therefore sufficient to use parametrization
obtained in laboratory conditions for other temperatures as well.

For liquid transport, alternative potentials such as relative humidity and moisture content can be used if
the transport coefficients are transformed accordingly and the interfaces between two materials are
handled in such a way that the suction pressure and partial vapour pressure are still continuous functions
across the interface.

4.4.4 Moisture transport across material interfaces/vapour retarders/foils
The details of the contact between two layers of building materials can have a large influence on the

moisture transport. Additional coatings, such as adhesives, can modify the diffusive moisture transport
and the liquid transport.
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