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The built environment is

In space and time

Material

Construction m
Building 10 m
Urban Area 1 km
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The laws of nature of the built

environment are Multiphysics

B8 CHAMPS-BES Application areas

Building Mechanical & Energy
Climatology Engineering
= Preservation of histarical = Energy efficiency,
huildings and cultural sustainahle
heritage development of built
environment

= |nteraction Building —

Climate — Inhahitants = Mechanical properties,

durability, damaging
processes

Building Physics & Environmental &

Soil Science Architectural Engineering

= New materials and = Material emissions and
processes IAQ

* Qutdoor to indoor
pollutant transport

= Moisture huffering,
dampness and mold
control
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= Hygrothermal and
hydraulic material
propeties



Computational Tools are needed to

understand, predict and control

Multi Buildings

AR oo
HAVIDase

MatLab

Multi Physics

PDEs
\ Comsol

Multi Systems & Control

§ 1 3: c
UDEL.S

Simulink

Technische Universiteit
e Eindhoven
University of Technology

21-10-2016 PAGE 6



Physics of the Built Environment

Scale levels, from left to right: EU; Urban area; Building; Material;
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Physics of the Built Environment
Scale level [mm]

© ) A 2.8531X10°°
X107 °

Material ~ mm

Material Physics
Durability
*Energy

Technische Universiteit
e Eindhoven
University of Technology

21-10-2016 PAGE 8




Physics of the Built Environment

Building ~ m

Building Physics
*Indoor Climate
*Building systems
*Energy

*Health
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Physics of the Built Environment

Urban Area ~ km

Urban Physics

*Urban Climate

*Urban district systems
*Energy
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Physics of the Built Environment

Scale level [Mm]
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Physics of the Built Environment

Multiphysics and Scales

Heat

Moisture

Air

Stress
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Example

Moisture Air Stress
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Example Thermal Bridges
Heat ~mm
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Example

Heat Moisture Air Stress
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Example Water Leakages
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HAMSTAD

Heat Moisture Air Stress
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PDEs based on T & LPc

C. % =V-(K,,VT+K,,VLPc)

C,. agzt? © —V.(K,,VT +K,,VLPc)




Calculating PDE Coefficients

Using Material Properties

C, % =V (K, VT +K,VLPc)

C,p. % =V (K, VT +K,,VLPc)

Moisture content —_—

Cr{LPe,T)

Kp(LPe,T)
EpLPe,T)
CreelLFe,T)
Ky(LPe,T)
Ky(LPce,T)

Thermal conductmity 5
coefficient

Vapor permeability  se—
Liquid permeability — s—

Specific density _

VoYY Y e

Specific heat capacity se——1
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Calculating PDE Coefficients

Using Material Properties

C, % =V (K, VT +K,VLPc)

OLPc
C,p —— =V (K, VT +K,,VLPc)
LPc at 21 22
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HAMSTAD Benchmark no 1

Roof with condensation

0.5 mm

g=h-(T,-T)+1L,-B-(r;—p)
g=p-(p.—p)
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HAMSTAD Benchmark no 1
Roof with condensation
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HAMSTAD Benchmark no 1

Roof with condensation

Total moistre content in insulation
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HAMSTAD-Benchmark 3

Insulation with airflow

Benchmark 3

200 mm
Indoor 7\/ Outdoor
T=20°C T=2°C
RH=70% 9 RH= 80%
=10 W/m'K =10 W/m'K
Bp=2 107 [s/m] Bpe=7.38" 1{]'1‘[5'_.-’111]
>

Airflow direction when AP=0
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https://upload.wikimedia.org/wikipedia/commons/0/0c/Red_pog.svg
https://upload.wikimedia.org/wikipedia/commons/0/0c/Red_pog.svg

HAMSTAD-Benchmark 3

Insulation with airflow
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HAMSTAD-Benchmark5

discontinuous Interface
Benchmark 5
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Conclusions

« HAMSTAD benchmark in Comsol 5.2a
— Modeling approach valid

— Results are satisfactory for all 5 benchmarks
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- Thank you
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