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Abstract: Simulation tools for building physics
problems play an important role in design and
understanding the behavior of energy efficient
buildings. There are different tools available for
simulation of these problems, but each
simulation tool has its own advantages and
limitations. In this paper, a heat transfer problem
in an exterior building wall with high
performance materials has been simulated in
both COMSOL 4.0 and WUFI 5.0. The results
show the advantage of using high performance
materials in new construction systems. On the
other hand, comparable results between utilized
simulation tools have been found indicating that
COMSOL has a high potential with special
advantages for simulation of different building
physics problems.
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1. Introduction

Numerical modeling is indispensible in
studying the efficiency of new concepts in
energy design of buildings [1]. Thus having an
appropriate simulation tool that will be able to
consider different phenomena in real and
laboratory cases is necessary for building physics
engineers.

In order to achieve buildings with high
energy efficiency, the construction industry
needs high performance materials and new
construction systems. Materials such as aerogel
and PCM (Phase Change Materials) are
promising materials for this purpose [2-5]. PCM
absorbs heat as the temperature increases and
releases heat by decrease in the temperature.
mPCM (micro-encapsulated PCM) can be used
inside the building materials such as concrete to
save energy and increase thermal comfort [6-8].
On the other hand silica aerogel has a low

thermal conductivity with high solar energy
transmittance [9]. Hence, using a layer of silica
aerogel in the exterior part of the facade, in a
glazing system or on the external wall, can help
the storage of solar energy in the building
materials during the day and avoid heat loss
during the night. More over, using a layer of
concrete containing mPCM behind the aerogel in
the exterior wall can be a good idea for saving
energy in the building envelope. mPCM can
absorb the passive solar energy which passes
through the acrogel layer during the day time and
release it at night with a low heat loss due to
existence of aerogel insulation. In this paper
performance of this system is studied using the
programs COMSOL 4.0 and WUFI 5.0, and the
results are discussed.

2. Materials and Geometry

A three layer building envelope is considered
for numerical simulation. Two layers of low
thermal conductive light weight concrete with
and without mPCM and a thin layer of silica
aerogel form the envelope. In the reference
model none of the concrete layers contain
mPCM but in the main model the layer in the
middle is mixed with mPCM. In fact, it is
possible to consider a more energy efficient
envelope system by for example using
electrochromic glass in the exterior part of the
wall to avoid solar energy gain during the warm
season, or by applying another layer of PCM at
the interior part of the wall to decrease
temperature fluctuation during high external
heating loads and save more energy in cooling
systems as well. In order to study the
performance of previously described system, the
envelope in Figure 1 is numerically simulated.
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Figure 1. Composition of simulated walls.

Average values for aerogel material
properties are considered here according to the
producer [10]. Concrete material properties are
taken from the WUFI database. Dieckmann et al
[11] have reported the graph in Figure 2 for
enthalpy of a concrete containing mPCM, which
has been explained in the WUFI tutorial as an
example. Based on this data, two values are
roughly determined for specific heat capacity of
the concrete layer containing mPCM. Since the
choice of PCM depends on factors such as
weather, building structure, thermophysical
properties and etc [1], different phase change
temperatures with the same values of specific
heat capacity will be considered for simulation in
order to compare the effect of phase change
temperature in the system. Thermophysical
properties of the materials are given in Table 1.
The concrete material containing mPCM has
three applications in this wall: i) heat insulating
material, ii) heat storage material and 1iii)
structural element. Optimizing properties of such
materials can result in high performance
materials which simplify constructional process.

Figure 2. Specific Enthalpy of concrete containing
mPCM from [11].

Table 1: Thermophysical properties of the materials.

Density ~ Thermal Conductivity Specific Heat

[Kg/m®] [W/mK] [J/KgK]
Concrete 400 0.1 850
T< PCT*:1900
CmPCM 400 0.1 T=PCT: 12700
oncrete T>PCT: 1900
Aerogel 30 0.01 850

*PCT: Range of Phase Change Temperature

3. Numerical Simulation
3.1 Initial and Boundary Conditions

A heat transfer problem is solved in both
COMSOL 4.0 and WUFI 5.0. The indoor
temperature and initial temperature of the wall is
22 °C. The exterior boundary condition is
defined as step change between a high and a low
temperature (each in a period of 12 hours) to
result in a sinus shape heat flux curves with less
dependency on the more realistic outdoor
temperature changes which usually have sinus
variations as well. The high temperature is equal
to indoor temperature to have an initial heat flux
of zero, and the low temperature is considered as
minus 10 °C to clearly see the effect of heat loss
and phase changes of the PCM. Moreover, the
effect of considering solar radiation is discussed
in the results section. The boundary conditions
are given in Table 2.

Table 2: Boundary conditions of the heat transfer
problem.

Surface Heat Resistance Air Temperature

[m*K/W] [°C]

Indoor 0.125 22
0-12 hr: -10
Outdoor 0.0588 12-24 hr: 22

3.2 Phase Change Temperature

Since the phase change temperature of the
PCM affects the efficiency of the system, three
different phase change temperatures of 5 °C,
15°C and 20°C are considered for mPCM to
study this effect. The phase change range for
definition of specific heat capacity was defined
as 1°C higher and 1°C less than the phase change
temperature.



4. Results and Discussion

Results of the numerical simulation of the
reference envelope are given in Figure 3.
Comparable results are obtained from COMSOL
and WUFIL Considering that the outdoor
temperature boundary condition is defined by the
text climate file in WUFIL, but an interpolation
function in COMSOL, there will be some minor
differences in the results. On the other hand,
since COMSOL is a general multiphysics
simulation tool, special care must be taken in
definition of parameters such as meshing
parameters. Since WUFI is a specialized building
physics simulation tool (developed for studies of
heat and moisture transport in building envelope
systems), the WUFI results will be used for
discussing the performance of the wall system.
The advantages of using COMSOL for
simulation of building physics problems will be
discussed at the end of this part.

Figure 3. Heat flux at the interior surface of reference
wall.

Figure 4 shows the differences between the
heat flux at the interior surface of the reference
wall and the wall containing mPCM with a phase
change temperature of 5 °C (simulated with
WUFI). Although the total heat flux for both
cases 1s similar, the difference between the
maximum and minimum points of the heat fluxes
is noticeable. This means that using PCM has
resulted in less heat loss during cold periods and
higher loss during the warm periods.
Consequently, the energy consumption is shifted
from the peak periods to off-peak periods by
using PCM; this can result in [12]: i) Possibility
of purchasing energy at lower cost in off-peak
periods. i) Reduction in cost of energy

production, smaller size of equipments and more
efficient operation due to time-shifting energy
consumption.

Figure 4. Heat fluxes at the interior surfaces for the
reference wall and wall containing mPCM with a
phase change temperature of 5 °C.

Since diminution in fluctuation of the heat
flux depends on interaction between phase
change temperature of the PCM and changes in
temperature profile of the envelope, in the next
step the phase change temperature of the mPCM
was considered 15°C according to the
temperature profile in the previous simulation.
Figure 5 shows that this change has resulted into
a more efficient system due to two phenomena:
1) reduction in the peak value of heat flux that is
about 30% in this case and ii) delay in the
initiation of maximum heat loss that is apparent
in the first 5 days and it takes time more than 10
days in this case. Therefore, using a PCM layer
inside the wall can be beneficial even without
considering energy gain by solar radiation.

Figure 5. Heat fluxes at the interior surfaces for the
reference wall and wall containing mPCM with a
phase change temperature of 15 °C.

However, this proves that solar radiation can
cause saving energy in this system in addition to



regulating the heat flux fluctuation in the interior
surface. This is due to the heat flux that solar
energy generates from the exterior surface
opposite to the heat loss direction.

Increasing the phase change temperature
does not help the effectiveness of the current
system, because the temperature profile in the
wall will not match the phase change
temperature range of the mPCM. This is shown
in Figure 6. On the contrary, fluctuation in the
heat flux in all the cases is less than the reference
envelope and the main reason is higher specific
heat capacity of the wall containing mPCM at
any temperature.

Figure 6. Heat fluxes at the interior surfaces of
simulated walls.

Although it is clear that this system can result
in reduction in energy  consumption,
determination of the effectiveness of the system
requires using the real climate data including the
data about moisture condition, solar radiation,
rain and wind data, orientation of the
construction element and etc. Furthermore, by
applying the real climate data, it would be
possible to optimize the system by varying
different parameters such as thickness or thermal
conductivity of each layer, that can for instance,
speed melting or slow down solidification of
PCM. Therefore, a real climate database is
necessary to convert COMSOL to a suitable
building physics simulation tool.

On the other hand, one of the advantages of
COMSOL 4.0 to WUFI 5.0 is the possibility of
defining different types of functions and
applying them in simulation. For example, since
process of phase change in the PCM normally
consists of two different heating and cooling
curves for C, of the material, it is essential to
define C, properly to get more comparable

results with experimental studies [1]. On the
other hand in case of having convective heat
transfer in boundary conditions, for example in
hot box test of a wall [13], COMSOL
multiphysics can be used for simulation. And
finally simulating 3D problems as well as
multiphysics problems are the main advantages
of using COMSOL multiphysics for building
physics problems.

5. Conclusions

Applying high performance materials in new
construction systems can result in: i) saving
energy, ii) less waste of the materials, iii)
simplicity in execution of constructions, iv) more
effective space to be sold to the customers and v)
even less construction costs, as a consequence of
parts ii and iii.

Utilizing a PCM layer behind exterior
aerogel heat insulation can be beneficial due to
both gaining solar energy and increasing heat
capacity of the wall. However, the effectiveness
depends on the construction details and weather
conditions. Thus it is necessary to do numerical
simulation in order to optimize the system.

COMSOL multiphysics has a high potential
with special capabilities to be used as a building
physics simulation tool. However, more practical
facilities such as a database for real climate data
are necessary to achieve this goal.

6. References

1. F. Kuznik, J. Virgone, Experimental
investigation of wallboard containing phase
change material: Data for validation of numerical
modeling, Energy and Buildings, 41, 561-570
(2009)

2. Ruben Baetens et al, Phase change materials
for building applications: A state-of-the-art
review, Energy and Buildings 42 1361-1368
(2010)

3. V.V. Tyagi, D. Buddhi, PCM Thermal storage
in buildings: a state of art, Renewable and
Sustainable Energy Reviews 11 1146-1166
(2007)

4. K.I. Jensen et al, Development of windows
based on highly insulating aerogel glazings,



Journal of Non-Crystalline Solids 350 351-357
(2004)

5. AbuBakr S. Bahaj, Potential of emerging
glazing technologies for highly glazed buildings
in hot arid climates, Energy and Buildings 40
720-731 (2008)

6. Bentz D, Turpin R, Potential applications of
phase change materials in concrete technology,
Cement and Concrete Composites, 29, 527-532
(2007)

7. Pérez-Lombard L. et al, A review on buildings
energy consumption information, Energy and
Buildings, 40, 394-398 (2008)

8. Khudhair AM, Farid MM, A review on energy
conservation in building applications with
thermal storage by latent heat using phase
change materials., Energy Conversion and
Management, 45, 263-275 (2008)

9. Fricke J, Preface, Aerogels: Ist International
Symposium Proceedings, Wirzburg, (1985)

10. http://www.cabot-corp.com/Aerogel

11. Dieckmann JH, Heinrich, H,
Energiespeicherbeton, ein Beton mit integriertem
Latentwarmespeichermaterial, Bauphysik, 30,
137-142 (2008)

12. D.W. Hawes, Latent Heat Storage in
Concrete, Solar Energy Materials 19 335-348
(1989)

13. Sunliang Cao et al, The Effect of Wall-
Integrated Phase Change Material Panels on the
Indoor Air and Wall Temperature — Hot-box
Experiments, Renewable Energy Research
Conference, Trondheim (2010)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




