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7 INSTITUT FUR

Overview | BAUKLIMATIK

* Physical model in DELPHIN 6

» Coupled heat and moisture transport model with detailed moisture transport and
storage model

» Optional ice formation model

> Optional air flow model (forced flow/bouancy driven), fully coupled to heat and
moisture transport model

Y

Optional salt transport model including transient phase transitions

Y

Many boundary condition models, contact resistances, source/sink models, special
models (e.g. interior longwave radiation exchange)

» Mostly the same as in DELPHIN 5, but thoroughly reviewed and more
efficient/stable (routinely tested with automated benchmarks)

» Support for 3D geometries (in solver, not in user interface)

* Optimization of the solver engine
> Iterative preconditioned Newton-Krylov-Methods significantly accelerate
simulation of 2D details, enable 3D simulations
» Parallel solver
» Optimized memory layout for faster physics evaluation algorithms
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The DELPHIN 6 Software o e

* Executables (Windows executables, on MacOSX and Linux similar naming)
» DELPHIN 6 User Interface (modelling environment)
Delphin6.exe

» Console solver (command line argument controlled)
DelphinSolver.exe

» Graphical (modern) solver, just as fast as the command line solver (except for
parallel solver variants), yet with live preview of simulation results
DelphinSolverUI.exe

» Command line discretizer (can be used to automatically perform grid sensitivity
studies)
CmdDiscretise.exe

» DSixOutputConverter utility (extracts data from output files, converts data into
other formats, creates TECPLOT files)
DSixOutputConverter.exe

* Databases (Climatic Data and Materials)

* Post-Processing

» Either DELPHIN 5 Post-Processing (can be installed alongside with DELPHIN 6)
» Ornew POSTPROC 2 software (recommended for simulation analysis)
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7 INSTITUT FUR

New User Interface | 2, BAUKLIMATIK

* New Icon and Splashscreen

S

DELPHIN

Coupled Heat, Air,
Moisture and Salt Transport
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VM%W!W

'4"‘ INSTITUT FUR
|, BAUKLIMATIK
www.bauklimatik-dresdende

Picture taken from IBK-GWT project about improving construction detail for
intersection of interior separation wall with inside-insulated historic brick wall
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7 INSTITUT FUR

New User Interface | 2, BAUKLIMATIK

*  Multiple languages

» Switch with menu option Edit - Languages..
» Currently: English, German, French
» Translation is simple = Translators are welcome!

« Software runs natively on Windows, MacOS and Linux

soe ipnin 609 -
e = &l i Fi % = 4 @8 s—
L1 - = E oS = (-3
I s e i sty
]
-
o ries [N
oo —
W
% = B cire
co S——
i i
&
snasa
s

*  On Mac OS X: Security = allow software from any sources
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New User Interface S INSTITUT EOR

*  Welcome page

> Recently used projects (with preview)
> Examples/Validation cases (with descriptions)

» Current version, Update information, Web-content from Bauklimatik-Dresden.de
/7 Delphin 6.0.10 =[E

Datei Bearbeiten Ansicht Fenster Werkzeuge  Hilfe

’@ Projekt erstelen. . I m Offne Projekt...

[ Kiirziich verwendete Projekte ] [ Beispicle Validierungsfélle ]

Delphin 5 Projekt importieren..

DELPHIN Version 6.0.10
Beispiele/ Validierungsfille

- 1.d6p
Aktuelles
Siructure C:fUsersfghorwin/AppData/Local IBK /Delphins hmarks/ hmark1.dsp
e T ex 1 Version 6.0.8 it die erste offizielle Release-Version der
enchmar neuen DELPHIN 6 Software,
An insulated roof is 1 d in one d The thermzl insulation is
facing the interior and there is & moisture barrier facing the exterior. The
structure is perfectly sirtight. Tutorials/ Workshops
" This test case evaluates the correct lculat, of t £i1 using Sighe www. bauklimati-dresden. de/schubingen
T P realistic ambient climste data.
- .d6p
Sructure C:fUsersfghorwin/AppData/Local 8K /Delphins hmarks/ dép

Homogensous wall
HAMSTAD: Benchmark 2

2 homogenecus layer is enalyzed under isothermal conditions in one dimension. The
we | l2ver is initislly in moisture bslance with the =mbient air, hsving comstant
relative humidity. At time zero there is a sudden change in the relative humidity of
the surrounding zir. The structure is perfectly airsighs.

ks~ hmark3.d6:

Detailed outling of structure. C:/Users{ghorwinfAppData /L ocal IBK/Delphiné fexamplesHamstadBenchmarks HamstadBenchmark3.dsp
Light weight wall

'AD: Benchmark 3

1- Taze0
e i
19 e 1o i
oot frweiditet 2 single layer is snslyzed with respsct to convective hest and mass traasport
induced by changing ambient prassure.
. This test case eveluates the ability of similating air flow through the porous

medium and its e

ct on temperature and moisture distribution.
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New User Interface
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77 Delphin 6.0.10 - Bestandskonstruktion_50_1-2.d6p* o8B %)
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- W Zieoel, Sichtrmauerwerk [505]
CALOSTAT [625]
CalciumsSilicate T500 [409]
M alkputz (historisch) [148]
CalciumSilicate (Epasit) [412]
H Kalkputz - Oberputz [477]
W casiKleber leicht [123]
D
. .
File Operations
| materials [ outputarids | outputFies |
[j Surfaces/Boundaries g X
- =z
%+ 7 =l F B &
% (B AuBen
£e] =[ [l 1nnen
| Surfaces/Boundaries Climate Conditions Boundary Conditions
Schedules F X
]
=
© :
Dimensions: — - mm Selection: -— Elements (selfused/arid): 01317513175 Coordinate Range: -— Sche.. Initial Condi... Resistances/Contact Condi... Sources/... ‘
Application Log & X

'ZiegelSchlagmannWDZPerlitefuellung 556.mé".
'ZiegelSchlagmannWDZZiegelhuelle 557.m6°".
'ZiegelStralsund 391.mé".

'Zinc_280.m&".

Reading material file
Reading material file
Reading material file
Reading material file
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New User Interface g,BAUKUMATlK

77 Delphin 6.0.10 - Bestandskonstruktion_50_1-2.d6p* o8B %)
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CalciumsSilicate T500 [409]
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CalciumSilicate (Epasit) [412]
H Kalkputz - Oberputz [477]
W casiKleber leicht [123]
/ Project, Geometry
and Simulation Views [ vaterls | OutputGrds | ouputFes |
[j Surfaces/Boundaries g X
. =z
, d 2 I=HF &
% (B AuBen
e =[ [l 1nnen
| Surfaces/Boundaries Climate Conditions Boundary Conditions
Schedules F X
& 4P =
]
=
© :
Dimensions: — - mm Selection: -— Elements (selfused/arid): 01317513175 Coordinate Range: -— Sche.. Initial Condi... Resistances/Contact Condi... Sources/... ‘
Application Log & X

Reading material file
Reading material file
Reading material file
Reading material file

'ZiegelSchlagmannWDZPerlitefuellung 556.mé".

'ZiegelSchlagmannWDZZiegelhuelle 557.m6°".
'ZiegelStralsund 391.mé".
'Zinc_280.m&".
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New User Interface

« 3 Views with project data

» Project properties, location and climate

I’g..

|

» Construction/Geometry view (main modelling view)

» Simulation view (physical model settings, solver options, simulation start)

INSTITUT FUR
BAUKLIMATIK

73 Delphin 60.10 - 2Pipes_no_rain.d6p =B8] =®
6 & [anderer standort ~]  Prokbesdveibung
Breitengrad [490° .. 90T: 13,07 Soil heat collector example
__ | Langengrad [-180...180 Grad]: 52,38 Two pipes per m soil collect energy during winter, During summer, soi can regenerate,
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Bsmodel (Glichgevechismodel) verwenden

Luftsromngsgiechung

Salzbiencgeichungen

‘Schadstofanzglichungen

P —

Ausgbereiteinhst:

Anfang des chertygroskapischen Feushiegehas (fondensat)
sdvebe Ausgabenim Beformat

Iengesucket n ASCH-Dateen

——

Starctm 01012007 200000

Ercdsum 06.01.200700:00:00
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Schalte wscheniberschrifien s

‘Schvebe Stasstien fi Jeden rdemen Berechnungssc it
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U] Ergebrisverzeichris vor Start der Smussten laachen

Simulation starten: {'U for testen

Fir Berechrung ausgewahiter Sobver
ViartescHange: ® Schnel (Aufirage brauchen richt mehr aks 30 min)

Langssm
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New User Interface | 2, BAUKLIMATIK

#> Delphin 6.0.10 - Bestandskonstruktion_50_1-2.d6p™

[l ] =05 55 5 W w0 Il b 2

@ -@ Materials & x

uerwerk [505]
CALOSTAT [625]
CalciumsSilicate T500 [409]
M alkputz (historisch) [148]
CalciumSilicate (Epasit) [412]
Kalkputz - Oberputz [477]
W casiKleber leicht [123]

] Geometry/Grid Editing

| materials [ outputarids | outputFies |

[j Surfaces/Boundaries g X
2P =H O &

£ B AuBen

£e] S mnen

| Surfaces/Boundaries Climate Conditions Boundary Conditions

Schedules & X

/D=

iy

="
© - _
imensions: = — mm election: — lements (sel fused grid): cordinate Range: — <. ritial Cond.. esistances/Conl ondi... ources)/...
Dimensi Selecti Elements (selfused/arid): 0/13175/13175 Coordinate R sch Initial Cond Resistances/Contact Condi 5 S/
Application Log & X

Reading material file 'ZiegelSchlagmannWDZPerlitefuellung 556.mé’.
Reading material file 'ZiegelSchlagmannWDZZiegelhuelle 557.m6°".
Reading material file 'ZiegelStralsund_391.mé'.

Reading material file 'Zinc_280.mé'.
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New User Interface g,BAUKUMATlK

77 Delphin 6.0.10 - Bestandskonstruktion_50_1-2.d6p* o8B %)
=l HE BN 2ZzE EE] o L Y Materials F X
6 ””l H "|_‘|' E (o] ﬂ A AT S @ Ex
) = 45 &
e uérwerk [505]
CALOSTAT [625]
CalciumsSilicate T500 [409]
M alkputz (historisch) [148]
CalciumSilicate (Epasit) [412]
H Kalkputz - Oberputz [477]
W casiKleber leicht [123]
| materials [ outputarids | outputFies |
[j Surfaces/Boundaries g X
. =z
%+ 7 = F B o5
% (B AuBen
e =[ [l 1nnen
.
External Post-Processing
| Surfaces/Boundaries Climate Conditions Boundary Conditions
Schedules F X
]
=
© :
Dimensions: — - mm Selection: -— Elements (selfused/arid): 01317513175 Coordinate Range: -— Sche.. Initial Condi... Resistances/Contact Condi... Sources/... ‘
Application Log & X

Reading material file
Reading material file
Reading material file
Reading material file

'ZiegelSchlagmannWDZPerlitefuellung 556.mé".

'ZiegelSchlagmannWDZZiegelhuelle 557.m6°".
'ZiegelStralsund 391.mé".
'Zinc_280.m&".
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New User Interface g,BAUKUMATlK
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e .Ziegel, Sichtrmauerwerk [505]
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| Surfaces/Boundaries Climate Conditions Boundary Conditions
Schedules F X
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Language selection
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Dimensions: — - mm Selection: -— Elements (selfused/arid): 01317513175 Coordinate Range: -— Sche.. Initial Condi... Resistances/Contact Condi... Sources/... ‘
Application Log & X

Reading material file
Reading material file
Reading material file
Reading material file

'ZiegelSchlagmannWDZPerlitefuellung 556.mé".

'ZiegelSchlagmannWDZZiegelhuelle 557.m6°".
'ZiegelStralsund 391.mé".
'Zinc_280.m&".
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New Modeling View
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77 Delphin 6.0.10 - Bestandskonstruktion_50_1-2.d6p* o8B %)
T LR pN ez CE = Material & X
@ !l EENEEE R Y = E A =
= [z G
. uérwerk [505]
CALOSTAT [625]
CalciumsSilicate T500 [409]
M alkputz (historisch) [148]
CalciumSilicate (Epasit) [412]
H Kalkputz - Oberputz [477]
W casiKleber leicht [123]
P
Definition windows
. (freely arrangeable)
| materials [ outputarids | outputFies |
Surfaces/Boundaries & x

Reading material file
Reading material file
Reading material file
Reading material file

'ZiegelSchlagmannWDZPerlitefuellung 556.mé".

'ZiegelSchlagmannWDZZiegelhuelle 557.m6°".
'ZiegelStralsund 391.mé".
'Zinc_280.m&".

[j _ ez
G P= 0T &

i{'} B AuBen
Bl mnen
| Surfaces/Boundaries Climate Conditions Boundary Conditions
Schedules & X

]
| —
© . _
Dimensions: = — mm Selection: — Elements (selfused/grid): 0/13175/13175 Coordinate Range: — Sche.. Initial Condi.. Resistances/Contact Condi... Sources/... ‘
Application Log =3
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7 INSTITUT FUR

New Modeling View | 2, BAUKLIMATIK

« Zooming via mouse scroll wheel

STy I T —

« Equidistant view toggle mode

O nEE= i 1 B fax B

]
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7 INSTITUT FUR

Consistent Coordinate System Definition 22 BAUKLIMATIK

* Coordinates Y « Assignment/range indexes j

» Assignment order

> Later assignments override earlier assignments (applies to all assignments)

Column indexes

0 1 2
3
3
5 2
s
5
z 1
S
~
0
grid without after assigning after assigning VOID after assigning another
materials assignments material to range 002 3 material torange 1122 material torange2121
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7 INSTITUT FUR

Modeling Improvements | 2, BAUKLIMATIK

« Highlighting of edges/boundaries with assignments

Dash-dot line pattern for boundaries without interfaces,
corresponds to symmetry conditions (adiabatic and moisture tight)

Thick solid lines indicate assigned interface
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Modeling Improvements | 2, BAUKLIMATIK

« Highlighting of coordinate outputs (sensors)

Coordinate based assignments are shown
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7 INSTITUT FUR

Modeling Improvements | 2, BAUKLIMATIK

* Highlighting of side assignments

Dashed lines show assigned contact
conditions and flux outputs
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Modeling Improvements A AT

e Indication of used and unused definitions

Materials
- C
Fieseniebe C—
. E|egel S|chtmauerwerk [505] = Gray italic text .mdlcates an
Calciumsiicate T500 (409 -— unused/not assigned definition

B alkputz [h|5t|:|r|5ch] [148]
CalciurnSilicate (Epasit) [412]
Kalkputz - Oberputz [477]

Materials

E#iuzme

. 2|egel SIChtrI'IEIUEF'.'JEFk [EIZIS]
= ﬁ_._'_.".*.\-. rate TS il -_.'_,
B 1ckputz [h|5t|:|r|5ch] [148]

« Assignment lists are located alongside CalcdumSilcate (Epasit) [412]
Kalkputz - Oberputz [477]

definition window _

(re-introduced from DELPHIN 4)

a0 43 307 Ziegel, Sichtrmauerwerk [505]
44 0 57 307  Kalkputz (historisch) [148]
97 0 107 307 Kalkputz - Oberputz [477]
g9 227 98 234 Kalkputz - Oberputz [477]
29 73 98 20  Kalkputz - Oberputz [477]
73 212 88 249 CalciurmSilicate (Epasit) [412]
73 58 88 95  CalciurmnSilicate (Epasit) [412]

[ e LI
%]
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New Modeling Concepts A Bikivaric

|

e No embedded material data

> Material files (*.m6) are always referenced
> Material list/definition window lists Material References

 Interfaces group several boundary conditions

> Instead of assigning individual boundary conditions to several sides, interfaces are

defined (e.g. outside, inside, basement, ...) and these are associated with boundary
conditions

> Support for Engineering Interface Models (predefined sets of boundary conditions
and related climatic conditions)

Assignments

Boundary Condition 1
Boundary Condition 2

Boundary Condition 3

|/

Geometry Elements Boundary Sides Interface
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New Modeling Concepts | 2, BAUKLIMATIK

* Interfaces — Example

E ,‘-@ Surfaces/Boundaries 8 X

File Edit View Window Tools Help
aw L P=-FF b &

o Il 5E 15 B w G E S
Outside

—

B Basement

First floor
Wi (dashed because

selected in [definition
view)

Outside

| surfaces/Boundaries | Materials | Outoutries | GutputGnds |

Boundary Conditions [ 4

2 D=

Basement:IndoorHeatConduction
Basement:IndoorVaporDiffusion

[

Boundary conditions
associated with interface
“Basement”

. B asement Climate Conditions | Boundary Conditions

Initial Conditions g x

2=

=r
©

Dimensions: — — mm Selection: — Elements (selfused/grid): 0/18/24 Coordinate Range: — Sche. Initial Condi Resistances/Contact Condi | Sources|. ‘
Application Log 5 X
Reading material file 'Ziegel3chlagmannWDZPerlitefuellung 556.m6". s

Reading material file 'ZiegelSchlagmannWDZZiegelhuelle 557.m6'.
Reading material file 'Ziegel3tralsund 391.m&".
Reading material file "Zinc 280.mé".
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New Modeling Concepts ST

* Interfaces — Engineering Level

» DIN indoor and outdoor climate

> WTA mOdel .ﬁ Interface/Boundary condition 2 =
» Standard model ——

Name: WTA room interface

Type: {Smndard interface for indoor dimate [EngineeringIndoor] hd ]
.. Indoor Conditions

> Boundary Condltlons IDIN EN 15026/WTA adaptive indoor dimate model [IndoorTA] v I
and Climate Conditi OnS IWTA 6.2 model for normal plus 5% moisture load indoor [IndoorWTAMNormalpSLoad] hd ]

. Upper temperature [#C]: 25 28 -

are created automatically Lover tamprsuee [ s 7

. ] . Upper relative humidity [%]: 65 ]

durlng Slmulatlon Setup Lower relative humidity [%]: 35 24

8

Temperature [°C]
r
f3

> Engineering interface
definitions can be converted
to detailed model » s o s w5 @ =

Ambient temperature [°C]

&

&

o

80 -

Relative humidity [94]

rrrr [ rrrr e e
-15 -10 -5 o 5 10 15 20 25

Ambient temperature [°C]

Convert to detailed model
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7 INSTITUT FUR

Output handling | 2, BAUKLIMATIK

* Output file definitions

> Filename

Physical Quantity

Grid reference

Time and spatial handling (averaging/integration)

YV V V V

Value unit

 Grids

> Define intervals and output steps

» Global options (for all files)

» Binary/ASCII Format

> ASCII-Format precision (rarely needed, for example for energy density integrals to
compute overall gains/losses)

» Output time unit (same for all output files)  ausgsbeostonen

» Over-hygroscopic moisture content limit Ausgabezeiteinheit h
Anfang des Uberhygroskopischen Feuchtegehalts (Kondensat): 95 o

(as relative humidity)

[ schreibe Ausgaben im Binrformat

Zahlengenauigkeit in ASCII-Dateien: -1
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Output handling | 2, BAUKLIMATIK

 Physical Quantities
» Quantity defines also default unit and type (flux or field quantity)

» Anything calculated in DELPHIN is available as a quantity
> Includes transport coefficients (which can be monitored in output files)

/5 Select output quantity ? =
Type Na;ne Unit Description O
State variable or related quantity AirPermeability s Air permeability
State variable or related quantity AirPermeability Y s Air permeability in simulation direction ¥
State variable or related quantity AirPermeability_Z H Air permeability in simulation direction Z
. State variable or related quantity CapillaryPressure Pa Capillary pressure {negative)
. State variable or related quantity EnergyDensity Jfm3  Energy density
State variable or related quantity GasMassDensity ka/m3 Mass density of gaseous phase with respect to REV =
. State variable or related quantity GasPressure Pa Gas pressure (total gas pressure)
State variable or related quantity GasPressureOffset Pa Gas pressure offset to atmospheric pressure
State variable or related quantity IceMassDensity ka/m3 Total mass density of ice with respect to REV
State variable or related quantity IntrinsicSolutionDensity ka/m3 Density of salt solution with respect to liguid volume
State variable or related quantity IntrinsicVaporMassDensity ka/m3 Density of water vapor with respect to gas volume
State variable or related quantity IntrinsicWWaterMassDensity kg/m3 Density of liquid water with respect to liquid volume
State variable or related quantity KirchhoffPotentialLiquidFiusx - Kirchhoff potential, integral of liquid water conductivity over liquid pressure
State variable or related quantity KirchhoffPotentialLiquidFlusx_Y - Kirchhoff potential, integral of liquid water conductivity over liquid pressure in simulation direction ¥
State variable or related quantity KirchhoffPotentialliquidFlux_Z - Kirchhoff potential, integral of liquid water conductivity over liquid pressure in simulation direction Z
. State variable or related quantity LiquidContent m3fm3 Volume fraction of liquid phase (REV)
. State variable or related quantity LiquidMassDensity ka/m3 Total mass density of liquid water with respect to REV
. State variable or related quantity LiquidPermeability 5 Liquid water permeability
. State variable or related quantity LiquidPermeability_Y E Liquid water permeability in material direction ¥
. State variable or related quantity LiquidPermeability_Z s Liquid water permeability in simulation direction Z
. State variable or related quantity LiquidPressure Pa Liquid pressure
. State variable or related quantity MoistureMassByMass ka/kg Total mass of liquid water and water vapar per mass of REV
. State variable or related quantity MoistureMassDensity kg/m3 Total mass density of liquid water, water vapor and ice
State variable or related quantity Molality molfkg  Molality of dissolved salt species
. State variable or related quantity OwverhygroscopicWaterMassDensity ka/m3  Mass density of overhygrascopic liquid water {condensate) with respect to REV
. State variable or related quantity RelativeHumidity % Relative humidity
State variable or related quantity SaltDiffusionCoefficdent m2fs  Diffusion coefficdent of saltin porous material related to molality gradient
State variable or related quantity SolutionMassDensity ka/m3 Mass density of salt solution with respect to REV
State variable or related quantity Temperature C Temperature
State variable or related quantity ThermalConductivity WmK  Thermal conductivity &
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Output handling )

 Flux output sign conventions

>

>
>

* Rules

>

Distinguish between boundary/surface fluxes and flux fields — different sign
conventions

Fluxes are assigned to sides
One flux output (definition) can be assigned to several locations

When flux outputs are assigned only to boundary sides ——
Flux is positive when it flows into the construction

i.e. a positive moisture flux increases the moisture content

in the construction, a positive heat flux increases

energy density (and temperature)

When flux is assigned to at least one internal side,
flux is positive when it flows into positive coordinate direction

Y
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New Modeling Features S INSTITUT EOR

e Schedules

» Replace time limits for boundary and field conditions, can be specified like
output intervals

Surfaces/Boundaries
g L (P=0F b =
» Color bars indicate types of BC I Oberflache

associated with an interface L Ppe
. B unterseite, Grundwasser

* Interface — BC indication

 Intelligent Auto-Discretization

» Clusters grid only at boundaries where interfaces are assigned

> ReCOgnizeS and keepS field 7> Automatic grid generation M
assignments (outputs/sources) At Disretzation Opticns Gri stattes
X-Direction Grid elements (totaljused): 14345/14007
f-Direction Smallest grid dimension in [m] (¢/y): 0.001/0.001
e T Largest orid dimensionin [m] (¢fy):  0.0451425/0,090188

Grid Preview

Variable Grid Options
Minimum element size: 1

Maximum element size: 10

Stretch factor: D

OK. ] [ Cancel ] [ Apply ]
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Databases | 2, BAUKLIMATIK

e Material Data Base

> set of m6 Material files (as in DELPHIN 5)
> data files are read in separate thread — no longer delay when importing materials

* Climate Data
» New format: c6b climate data container files for use in CCM (Climate Calculation
Module)

> Basically same content as EPW, but binary format (data protection), epw natively
supported

> Free Climate Data Editor (CCMEditor) tool available for editing/converting data

« Additional time series (climate data)

> Still using ccd files as in DELPHIN 5

> Now supporting csv files (tabulator separated data files):
first column time points, second column values, description and units in first row

Example file: Time [d]  Temperature [C]

0.0 10.0
0.02083 9.0
0.041667 8.7
0.0625 7.4
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Model and Simulation Settings

Mode! Options Solver Options Performance Options |

The settings on this page control Basic properties of the physical model,
Energy Balance Equation
Default initial temperature: 0 C
@ Use thermal conductivity of dry material (LAMBDA)
) Use design value of thermal conductivity (LAMBDA_DESIGN)
() Use moisture-dependent thermal conductivity

Default initial relative humidity: 50 %

|:| Moisture Balance Equation

quid flux calculatio
Use gra
[ salt Balance Equations
Salt Simulation Options
[ Pollutant Balance Equations
VOC Simulation Options...

Additional Modeling Options

[] Use anisotropic material transport model

Prevent overfiling

Qutput options

Qutput time unit: [d

Qwer-hygroscopic moisture limit (condensate):
[ wirite binary output files

Mumber precision in ASCII files:

Simulation Time Frame

Startdate  01/01/2007 00:00:00

End date  01/06/2007 00:00:00

Duration

7 INSTITUT FUR
|2 BAUKLIMATIK

First page: Model options

» Contains settings, that define physical

model and naturally give different

St el matien gt gl ™ results

Dresden, 09/21 2017

Andreas Nicolai (TUD)
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. . .
Model and Simulation Settings [EB, BAUKLIMATIK
Model Options Solver Options Performance Options ’
The opfions and seftings on this page defermine accuracy of the calulafion and thus alkso the performance. .'\
Relative Tolerance: 0.1 ’
Absolute tolerances i
Moisture Mass Balance Equation: 1e-06 !
Air Mass Balance Equation: 1e-06 ’
Salt Mass Balance Equations: 1e-12 {
Pollutant Mass Balance Equations: 1e-10 )
—

Meiwmih‘ni s@ﬁiﬁ&:‘w M_IM.,__\“H -J .
Second page: Solver options

» Tolerances control error test — to how many digits shall my conserved
quantities be accurate
Mind: there is a non-linear relationship between conserved quantities

and analysed properties (e.g. relative humidity)
» Settings have an influence on model results

» Smaller tolerances slow down simulation but can help increase

robustness!
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Model and Simulation Settings | 2, BAUKLIMATIK

Model Options I Solver Options | Performance Options | ™
The gpfions in s page only have an impact on simulation performance, not on results, ;
Integrator: [cvane [cvoe] -]
Maximum Method Order {1-5): 5

Mon-inear Iteration Convergence Coefficient:

Linear Equation System Solver: Sparse direct solver {KLU) [KLU]

System band width (direct band solver):
Maximum Dimension for Krylov Subspace:

Linear Iteration Convergence Coefficent:

Preconditioner; Automatic selection [Auto]
System band width (band preconditioner):

Level of fill-n {ILU):

Initial time step: 1

Time step size limit {model consistency): 0.0001

Tt el st ]
Third page: Performance options

» Numerical settings only influence simulation speed

(differences in order of rounding errors possible)
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7 INSTITUT FUR

New Solvers / Performance Optimization 2 BAUKLIMATIK

Time integrators available

> Explict Euler (for debugging purposes)
» Runge Kutta 47 (Dormand-Prince), explicit solver
> Implicit Euler (for testing numerically tricky problems)

» CVODE (default, as in DELPHIN 5)
» Alternating-Direct-Implicit (ADI), good for certain 2D/3D problems, research code

* Linear equation system solvers (for use within implicit solvers)

> Banded (general 1D simulations, small 2D simulations)

» Block-Tridiagonal (VOC/Salt simulations in 1D)

> Sparse direct (KLU solver, for thermal problems in 2D/3D)

» GMRES and BiCGStab (for general 2D/3D cases) — Krylov-Subspace methods!

Preconditioners (for Krylow-Subspace solvers)

» Banded
> ILU (incomplete LU factorization)
> ... others are research/test implementations

Physical model evaluation done in parallel (OpenMP parallelization)

See presentation and workshop from BauSIM 2016 for details
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~

New Solvers / Performance Optimization 2 BAUKLIMATIK

« Example 1 - EN ISO 10211 — Case 2

» Energy balance only (thermal bridge problem)
> 36666 Elements, 189 half-bandwidth (rectangular 194 x 189 grid)

0
119.3
N 50 .
E Delphin 5.9.3 - Band
64.2 .E.
3 -100 Delphin 6.0.10 - Band
18.2 14.9 E
a7 .
— — T -150 Delphin 6.0.10 - KLU - 4
Threads - Parametrized
Delphin 5.9.3- Delphin 6.0.10 - Delphin 6.0.10- Delphin 6.0.10- Delphin 6.0.10 - 200
Band Band KLU KLU - 4 Threads KLU - 4 Threads - ) 0 o1 02 03 04 05
Parametrized : : Time [d] : : :
Simulation time [s] Bottom heat flux density [W/m2]

e Variants

» Band solver vs. KLU (in DELPHIN 6)
> Serial/parallel code (1 vs. 4 threads)
» Parameters for steady-state result (transient accuracy does not matter)
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7 INSTITUT FUR

New Solvers / Performance Optimization 2 BAUKLIMATIK

* Example 2 — Corner

» Hygrothermal simulation
» 10931 Elemente (21862 Unknowns)

e Variants

» Serial banded solver in DELPHIN 5 (half-bandwidth 223)

» Parallel GMRES solver in DELPHIN 6 (4 threads),
ILU preconditioner, colored Jacobian (14 colors)

20 — — 80
19— SN
249.5 g ; } 70 g
c ) 18 — - &
E 3 17 = =60 >
o © - L
g S 16 - -~ 50 3
5 E 15 - g
E = g —40 3
E 14 — F =
7 13 -~ = 30
185 ‘ T T ‘ T 1 I ‘ T T 1 ‘ 1T T 1 ‘ T T 7T ‘ I T 1 ‘
— 0 10 20 30 40 50 60
Delphin 5.9.3-Band  Delphin 6.0.10 - GMRES -
4 Threads Time [d]

Simulation time [min], first 60 days of simulation B Temperature [Delphin 5] B Relhum [Delphin 5]

B Temperature [Delphin 6] B RelHum [Delphin 6]
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Remote Solver Server | 2, BAUKLIMATIK

* Send projects to remote (powerful) server and collect results

Remote Solver Server

Server (IP-Address):  remote.solver.achfs2. tu-dresden. de -
Paort: 10000

Iser: andreas

Password: I

Y

Project input files are collected and exported into project package (*.dépp)

Y

Project package is sent to server, scheduled in either fast or slow queue (fast
jobs are automatically aborted after 30 minutes if not yet finished)

Y

Once completed, results are archived as 7zip file and retrieved from server

A\

Results are extracted in projects directory just as if simulated locally = ready
for PostProcessing
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New License Model | 2, BAUKLIMATIK

* Only limited lifetime licenses

>
>
>

>

Much reduced license costs
Annual license duration with support and free updates/upgrades

Activation provided for work and private computer (linked to
person/company)

Activation needs to be updated every year (license renewal)

* License/support renewal/extension:

> Always for 1 year after last license expired, includes free updates/upgrades
and support

» Cannot skip renewal intervals, after approximately 4 years same price as new
license

* Pricing:

Commercial license: 800 € initial + 600 €/a

Academic license: 600 €/a

Student/teaching license: --- €/a

all prices excluding VAT
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TECHNISCHE Zan INSTITUT FUR
DRESDEN BAUKLIMATIK

Fakultat Architektur Institut fir Bauklimatik

Thank You! Questions?
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