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Basic of simulation n3encu1t

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

e Transient

— Usage of dynamical boundary conditions (external und internal climate)
— Thermal and hygric inertia of construction is considered

e Hygro-thermal
— Heat conductivity and storage

— Moisture transport (vapour and capillary conductivity) and moisture
storage

= Building elements

— Materials and systems/constructions
— Constructional details

e Simulation
— For analysis (expertises) and prediction (feasibility study/optimisation)
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Basic of simulation n39ncu1t
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Transient transport processes in capillary-porous building materials

internal external

Radiation (short and long wave)

Te t
emperatuire Temperature
i ,;Q“fxﬂ \_fa FNWB
Humidity / /
Humidity
Wind
Rain
Air
pressure
Occultation
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Basic of simulation n3encu1t
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Basic knowledge for the use of simulation software

e Material properties )

= Conserved quantity
= Transport processes > Physical state equations
e [nitial conditions

e Boundary conditions

 Mathematical method
« Space discretisation

. Time steps Precision > Numerical solving method
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Physical basic equations
and models



Physical basic equations and n3encu1t
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models

Mathematical basics and nomenclature
Einsteins’ summation rule:

jk = Z jk Usage of direction index implicates sigma sign
k

For cartesian coordinate systems: X

k-
0

>

’ 1Z -
. . 0 0
Usage for partial derivative: = s
OX, OX oy o0z
Example:

Conserved quantity is defined in dependency of

m=m (t, X ) time and space

amzam+8m+am
ox, OX oy oz

Partial derivatives are summed
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Physical basic equations and n3encu1t

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

models

5 o 00)
a?:ax KG‘X with Q=Q(’[,Xk) and 9=9(’[,Xk)
k k
Q J/m? Internal energy density
0 °C Temperature

Change of internal energy in time (only heat storage):

Q _ b als)
ot T at
Important material parameter:
Pary kg / m3 Density of dry materials
Cr J/ Specific heat capacity
N kgK Heat conductivity

J/smK =W /mK
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Physical basic equations and n3encu1t
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models

Transient heat conductivity — till achievement of steady-state conditions

Temperature profiles

20
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Physical basic equations and nSBI‘ICUlt
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Transient heat conductivity — till achievement of steady-state conditions

Steady-state conditions = no change of conservation quantities in time anymore

0 ( X 00 3
OX L OX J
|:> Heat fluxes constant: gq= A 66_9 = const
X

|:> Storage term and heat capacity are irrelevant for stationary state

At transient processes the storage term controls how quick the
system responses to boundary conditions:

= high heat capacity — slow achievement of stationary conditions
* low heat capacity — quick response
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Physical basic equations and nSBI‘ICUlt

models
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Water mass balance (transient conservation equation for moisture in building
components):

ow 0
— = 7 —9vk T Qux with  W=W(t, X
ot X, ( v w ) ( k )
w kg / m3 Water mass density Vapour
g, kg / m? flux density Capillary water flux
Ow skg/ M density
pv A S W 4 /_/
gV f{
}
Qw
Vapour pressure gradient Vapour diffusion

Water content difference capillary conductivity
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Physical basic equations and n3encu1t

models
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Gas mass balance (transient conservation equation for gaseous phase in building components):

op d
_gz__(ggC,k +ggg,k) with pg = pg (t;Xk) and pg = pg (TyW, pg)
ot OXy
Pq kg /m? Gas density
Jgc kg /m?s Convective gas flux density
Jgq kg /m?s Gas flux density due to gravity

TECHNISCHE
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Physical basic equations and nSBI‘ICUlt
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models

Transport processes and models

00
Heat flux density: g=—A—
OX
O, air O 0
Vapour diffusion: g, = ——= P,__ D, b
b x| RT ox
op,
Capillary water transport: Oy =—"K,—
OX
_ _ Kg 8pg - _K
Gas transport: Ogc = p—ga Uy =Ky 0,pP,
_ 2y COSQ The smaller the pore radius, the
Capillary pressure: Pe — —> bigger the traction force and
i therefore the water height in the
capillary tube
Water pressure: P, = Pc + Py
r Pressure gradient in liquid phase induces water transport
TECHNISCHE
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Physical basic equations and n3encu1t
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models

Transport processes and models

Evaporative cooling and heat of condensation

Specific enthalpy of water vapour: h =¢, (T — Tret )+ Hevap
Specific enthalpy of water: hy =Crw (T — Tres )
Evaporation enthalpy: H,,., =3.08-10° J/kg
——> hU although  Crw ! 2Cr

h,

Enthalpy transport of water vapour is much bigger than of liquid water!

Example: J :::>g '

==) I

gWhW th\l
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Physical basic equations and nSBI‘ICUlt

models

Summary

Conservation equations

Moist bal w__ 9 (vic + Yok )
oisture mass balance: — = ——(0Qvk K
ot ox v
oQ 0
Energy balance: —=——(q, +h,9,, +hyQuwxk
Solution of equations
Initial conditions (one for each conservation equation), e.g.: T,0 or T,w
Boundary conditions (types):
Neumann (2nd) Describes fluxes from surroundings into construction,
z.B. radiation heat flux, Vapour diffusion flux
Dirichlet (1st) Describes boundary values, e.g. surface temperature
Cauchy (3rd) Describes fluxes and boundary values
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Physical basic equations and n

models

3encult
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Summary

Material parameters and material functions

General parameter:

Pary kg /m?
Cr J/
kgK
Tran}ipon parameter: MK
1l —
K, s

Mvt\nli(atrtjl;e)- storage pﬂré:\r}]reﬁgr:

w(ep kg /m?

17

Density of dry material
Specific heat conductivity

Heat conductivity
Water vapour diffusion resistance value
Liquid water conductivity

Moisture retention curve (MRC)
Sorption isotherm
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Part 2

The numerical solving
method
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The numerical solving n39ncult

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

method

Control volume method

Used to transform partial differential equations into systems of ordinary differential
equations

Analytic derivation using the example of heat conduction equation:

1. Transformed original equation: E + 6_ (Qk ) 0
Xy
2. Multiplied with function: [E + a—( )}
Xy
3. Integrated over a volume: I [— +— (qk )} dv =0
Sl at o
Presumptions/preconditions:
oU oU
W =const (= O-order FEM) and I ot dv [ 5 v
Vv
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The numerical solving n39ncult
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method

Control volume method

Analytic derivation using the example of heat conduction equation:

ouU 1.0
4. Equation transformed/simplified: E = _\TJGT (qk ) dv
v YA
o le-  —
5. Gauss-Green-Theorem: E = _\TEE nKAq, dA
A
ouU 1co- —~
6. Application for discrete areas: E = _\7 Z n, A Qi,i
o 1
E le: 1D —_— = -
xample ~ =y A4 -Ad]
ou _1 . |
ot Ax [q. qr] with the borders of the volume | = left, r = right
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The numerical solving n3encult

method

Balancing of conserving quantities (mass + energy)

i

l—;<
X
Outflow

Inflow Outflow

I

Inflow

Change of density in the discrete volume = Difference between inflow and outflow

TECHNISCHE
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The numerical solving n39ncult
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method

Control volume method

Derivation at concrete example: vV
q
— Y ::(’q>
.
A A
/IV DX /IV
Change of absolute conservation quantities per time = difference of fluxes
AU -V =At(Ag - Aq,) atwhich A=A =A and V=AXxA
AU A AU
hence — = —q, and r
oy @) ( o —dr)
o 8U A
and for infinitesimal time steps: = —( a —0q, )
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The numerical solving } Sg[ﬁcult
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Discretisation

Discretisation for numerical solution Definition of local state variables

Material macroscopically homogenous 0 Water content
|

Isotropic transport properties T Temperature

Properties of volume elements,

[0} Relative humidity
representative for the material

p,  Vapour pressure

p.  Capillary pressure
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The numerical solving n39ncult
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method

Discretisation of partial derivation 00

Example: Heat fluxes between control volumes

Taylor series expansions:

f(x+Ax)=f(x)+Axﬂ+
OX

Estimation of 1. derivation of function (with fault 2nd order):

of _ f(x+Ax)—f (x) 10(2)
OX AX

:> Discrete formulation of heat flux Q. =— &
Density between control volumes: K Axk

Alexandra Troi - CNA Trasformare il
costruito - Numerical simulation

o renser: EURAC
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The numerical solving n39ncult

method el
Numerical solving methods at a glance
(00
u__of ®
ot OX, \ OX,

+

Control volume method
+

Discretisation of partial derivations

System of ordinary differential equation
(one equation per control volume and conserving quantity)

e.g. 1D heat cond- oU; _ 1 " Qi_l —ei Y ei —9i+1
ductivity equation ot AX =172 Tuz 2 T
i i i+1/2

i1-1/2 i+1/2
— | | | ||
I i | i1 | |
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The numerical solving n39ncult
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method

Numerical solution
Discretised differential equation (example: moisture mass balance)

oW 1
E = —N ZA: (gvapour + gliquid )A

Numerical Integration
A I Iterative calculation of solution till

Known

) D
soluYa\ .

Correct ____—»® |} differential equation is fulfilled
result ; /9 w.
; S Polynomial extrapolation

Conserving quantities
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The numerical solving n39ncult

method

Numerical solving methods at a glance

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

2 balance equations * n elements = number of equations & unknowns

Vector with unknowns: y= {Q. » Wi }
System of differential equations: % =f(t,y)

Solution of equation systems by time integration:

y(t) =y, + [ F(ty) dt

|:> Simulation software DELPHIN
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DELPHIN: Program n3encult
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operation

) Delphin 5 - [no project loaded]
Steps - New Project  'Fie edt view Smuation Tools Help

® Open new project = ] : | @

template Open... Save  Saveas. Reload ‘ Iz
¢ Choose memory location
of the project

¢ Delphin project name

| EEEEEERaki

DELPHIN opens a
standard template

(*.dpj).

L

(s > Choose folder

| 1 {
Heln i : Ok : Cancel :

29 e EURAC
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DELPHIN: Program

operation

Steps - Construction

® Define type of
construction, here:
1D horizontal

¢ Adjust number of
material layers in
x-direction

® Adjust thickness of
different layer in [m]

Only transport in
x-direction:

The height (y-direction)
und depth (z-direction)
should be 1 m to
calculate a wall area

of 1mz2.

DELPHIN then opens
the construction view
and shows the
succession of layers —
initially without materials.

g@3encult

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

Delphin 5 - [d:\temp\test3\New project.dpj]
File Edit View Simulation Tools Help

0 = a o < El g 5 ) o
New... Open... save Save as.. Reload Materials Conditions Outputs Unda Redo Sim...
|— setup new construction = _imixi
r—General conSHuCon T
Canstucian hoe Ian mamatmtion tntam s oot =!
LONSuUCUOn OPe il CONSUUGION (Dianal Uanspon) =]
. —
im = F
e E
>
I
P s ——— LS
inclination: 19 =50 .. 50°) ki3 1

~Initial arid setup

Select number of columnsirows (vertical and horizontal Iayers) and define initial
wigdths/eights in meter imL

TECHNISCHE
UNIVERSITAT EU RAC
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DELPHIN: Program n3encult
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operation

Delphin 5 - [d:\temp\test3\New project.dpj]
. File Edit View Simulation Tools Help
Steps - Material 0 = o g @® g = 5 ‘
New... Open... Save Save as.. Reload Materials Conditions Outputs

K (]

Undp Redn ‘ Sim...
Import material

b Choose program or Construction/Discretisation Materials
user data base WP (=, scae] 100%°]) [ XX | HESEHLEE |

Choose import modus
® Choose material and
import it

~Select material

Calegorization: |1k Laboratory

_loix]
=
VIS /e }

Layers 1 2 3 4 5 Historical Brick Cluster 4-D

Limesandsiong
Wienerberger Normal Brigh

# Gypsum
DELPHIN shows the B s o
imported materials in the

- mhmmslml View material.. | Text-edit matertal |
material list.

— o —
el el Dudlainr Dot At il
( = Keep link to external material file
'\ Import material data into project
~Material Data Info
The matenial data was measured, and the material functions and files were generated in the
laboratory of the Institute for Building Cli of the Dresden University of Te

For more information or special material properties, or if you would like lo oblain malerial
properties for your own malerials, please contact the IBK laboratory.

Head of laboratory: D Rudolt Plagge
Webpape of IBK Laboratory. kinkto Homepaoe of IBK Laboralory

=

TECHN
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DELPHIN: Program 3encult
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operation

Delphin 5 - [d:\temp\test3\New project.dpj]
File Edit View Simulation Tools Help

Steps 0 = o o (7 g | 5 ) &
New... Open... save Save as.. Reload Materials Conditions Outputs Unda Hedo Sim...

® Mark material and

favoured layer W
® Click on green assign INE (= scae: 100%°] | W XETX | MIEEEEE | @| 0 |

button Material A&
1 Historical Brick Cluster

SWlLime Plaster (hist))

DELPHIN generates a
material assignment data
set and colours layers
with material assignment
corresponding to the
colour of the material.
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DELPHIN: Program

operation

g2 3encult
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Steps

® Call discretisation
dialogue

® Set grade of
refinement (higher =
more refined
discretisation)

® Set minimal/maximal
element thickness
eventually

® Start discretisation
(>> OKk)

DELPHIN divides material
layers in discrete volume
elements.

33

Delphin 5 - [d:\temp\test3\New project.dpj]
File Edit View Simulation Tools Help

0O = i} -3 ] g | | ) £
New... Open... save Save as.. Reload Materials Conditions Outputs Unda Hedo Sim...
ruction/Drcretisation =lolx|
2 seate| 0% W BX) | MIEEEI=E | ¢O®
No|Material
1 Historical Brick Cluster
2 Calciumsilicate
Adhesive Covering Plaster
Automatic Discretization x| Lime Cement Plaster (Transputz SG)
~Discretization options ML ime Plaster (hist.)
(" Equidistant discretization
* Variablg discretization — — — — _ _
o S
{’ ¥ minimum elementwidth: |1 mm >
N [T maximum elementwidth: |20 mm »
~ ~ o _ - -

[V Discretize in X-direction

[~ Discretize in Y-direction

Detail level o

Low [ .I High

Elements (assignedftotal): 7575

Stretch factor. |1.233

min dc |1 mm min dy: |1I:ID|:I mm

max dx |31_69 mm max dy: |1DDCI mm

Gl 5 [0 | Help (or,ww'z
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DELPHIN: Program n3encult

t ] EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

Delphin 5 - [d:\temp\test3\New project.dpj]
File Edit View Simulation Tools Help

Steps - Climate 0 = o g @ & o 5 ) o ‘
New... Open... save Save as.. Reload Materials Conditions Outputs Unda Redo Sim...
® Import climate
* Adjust internal and — ——
external climate
data LI

1 Historical Brick Cluster

2 Calciumsilicate

Adhesive Covering Plaster

Lime Cement Plaster (Transputz SG)
WL ime Plaster (hist.)

* Import and assign
boundary conditions =
data sets

DELPHIN shows the
imported climate and
boundary conditions in
the conditions windows
and enables the
assignment to the
construction.

DRESDEN

e FEURAC
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DELPHIN: Program
operation

Delphin 5 - [d:\temp\test3\New project.dpj]
File Edit View Simulation Tools Help

3encult

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

Steps - Outputs O = o o @ ‘ 5 9 g ‘ . 5 ‘
New... Open... save Save as.. Reload Materials Conditions Outputs Unda Redo Sim...
¢ Start Outputs-Wizard
* Deactivate \./OC- WL seme] 0% | iR X | MMMSFEAE | €E0O% ‘Mﬂ‘
outputs, activate i I
water content
* Generate and assign Ed% X|m|

output files

1 Historical Brick Cluster
Calciumsilicate
Adhesive Covering Plaster
Lime Cement Plaster (Transputz SG)

1

Conditions
h B X [ B[R
Climate |[Boundary] Initial | Field | Contact |
Right/bottom construction side:
B o ) EOTTEN—— x
el thve ty ] relative ity P - n -
L] Surface moistur density L] Surface moistun dens <« L - | -
DELPH!N generates ﬁmw:ﬁmfxgmum muq:mm&"glmugu TR L - @, [c? E —
Inf isture ] st
output f_|Ies and enables & i e s s [ outputFiles ormats/Types ds/Schedules
the assignment to the L olsbire: i acrus it L Moiskire: B acroes curface No [Filename [OutputFormat  [Output Grid
geometry. Mo outpul ¢ d
G Create and sssin selected outputs ) Cancel |
] —
_—————

Dimensions [wihl: [12.45033972528: froca nmm

Selection: 63,1

Blements (selusedfrid): 17575 |

TECHNISCHE
UNIVERSITAT EU RAC
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DELPHIN: Program n3encult

operation

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

Delphin 5 - [d:\temp\test3\New project.dpj] *

Steps - Simulation R

, (/] m., n d | Materials Condition
® Open modelling and

simulation properties m xxmm AFEEE o
® Define starting point ]

and total duration of
simulation

Modeling and Simulation Settings

Model features | Defaus |

IV Energy balance

™ Include air low model (quasi-steady/decoupled) 7 Include Buoyaricy sifect

Update intenval for alr pressure calculation | |s 'I

¥ Moisture balance (water vapour and liquid water)

Referance temperaturs forisathermal molstura balance I/-..' |': “‘I

[~ VOCRollutant balance PallutantvOC simulation options |

Liquid T

¥ Use

liquid water KI(OI) or DI(O1)
I~ Include gravity effect (requires liquid conductivity)

r-Simulation time

Start for 00 0000 =
Duration of simulation ~[a -
End of =

|5
| 6 Jan 2U0UU 000

o | o |

. @ EURAC
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DELPHIN: Program n3encult
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operation

Dedgihim 5 - [d | bemp Tests iew praject.dpg] =

Fin Edt Vew Srson Tock el
(] = 1} B @
- 2 Sme  Smwas.  Reload

] 8 o

E)
|mmm Unda

Start DELPHIN simulation

WX | MEREBs | eO0m

Fiter  [Material

Limie Cament Flaster (Transputz 36)
Calciumsilicate
Adheshe Covering Plaster
Limie Plasber (hist )
— S i - Jhistoica Bk Chstee |
Steps — Simulation-2
® Start solver dialogue
* Start SImUIatlon Start simulation ﬁi'
~Solver settings
el E xternal S Solver parameters... [
- Start opi
Verbose Level: | 1-Normal output (detailed init + oulput time) =l
Run options: [~ Testinit
[~ Close I after g simulation
[~ Wait after each output
Command line: Assigamentints
| SUNSTALL_DIR)\delphin_solver.exe” v1 “dtempitest3iNew project dpj” pismy - :‘:’:ﬂ”“““‘""""
Add to batch file... | mw- rln; 40,1751
Locason ELEMENT
(mﬂmmmue simulation Check simulation log files... |
P — oo
O - X ip b2 -]
Help Close [ owpuries | |

DELPHIN starts the —I—]IW
numeric solver in a "m"!Lm-UmM”m e M“ML’” RH_telacut
separate windox. :

Warnings and error log cossals [click Aght to debets massages)
WARNING: Invalid or deprecated ksyword "SOLVER' in this section!

liquid_contant_Seldou

]| [l roistre_mazs_integralout
surlace_temperature_lefou
surtace_RH_tafloul
surface_neat_fu_integral_lef cut
surlace_temperatsre_righl oul
surtace_RH_right cut
surface_heat_fux_integral_right sut

Bsad] @ & G [ W Breas | g __,mumm..m(mom:...l!muwm...",mmm Dethin 5.6+ ... | [0 BM Extractor.. | Deskiog ™ Teoh ™ Programming ™ DE | 4 ¢
TECHNISCHE
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DELPHIN: Program

operation

While the numeric
simulation runs, the
results can be evaluated
at the same time

Steps - Interpretation

® Open output folder
® Choose output file

DELPHIN pictures the
results.

g@3encult

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

Delphin 5 - [ Ve | est ilew project.dpi] * — =
e Edt View Smuistion Toch Help
0 = 1% i < = = £l 2 = B k= 3
Mew.  Open Save  Sawas.  Reload | Maleials Condiions  Outputs Unda sim. Chamf PostProc
Controcboa Omrctton — \-J)-m|
WmERX | MRS Ll = Fiter [Ualerial
Lime Cemert Plaster (Transputz 5G)
Calciumaiticats
Adhesive Covening Plaster
Lime Plaster (hist)
: x|
Jer oo
| =| Andenungsdatun | +| Typ |-oroge -]
28.08.2012 13:38 Textdokument 1KB
|| iquid_content_field.out 28.08.2012 13:39 OUT-Datei 53k
|| moisture_mass_integral,out 28.08.2012 13:39 OUT-Datei 61KB
| restart.txt 28.08,2012 13:39 Textdokument 2Ke
|| RH_fieid.out 28.08.2012 13:39 OUT-Datei =1
|| surface_heat_flux_integral_left.out 28.08.2012 13:39 OUT-Datei 61KB
|| surface_heat_fux_intagral_right.out 28,08.2012 13:39 OUT-Datei 63KB
|| surface_RH_left.out 28,08.2012 13:39 OUT-Datei 4KB
|| surface_RH_right.out 25.08.2012 13:39 OUT-Datei 4KB
L surface_temperature_left.out 28.08.2012 13:39 OUT-Datei 4KB
_ | surface_temperature_right.out 28.08.2012 13:39 OUT-Datel 4KB
|| temperature_field.out 28.08.2012 13:39 OUT-Datsi 68 KB
jeal Beick Custer
b

RH_Seld out
liquid_content_Naid oul

Moisture_mass_inteoral sut

Lelix

surtace_lemperature_bef out

surfaca_RH_lefcul
surtace_heat_Sux_integral_lef out

surface_temperature_nght out

surface_RH_tight out

_':' surface_heat_Sux_integral_nght.out
i ]

Dso] @ & & (2] (W] Btewimm

| 18 s Wt [[] € i Fonum .. | B oelohins - code...[[[] voz aphcati Bl Ot 56-c.. | [ e Exiraciort. | Deskion * Teols * programming ™ 0E [
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DELPHIN: Program n3encult
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operation

Delphin 5 - [ L\ e hew preject.dyi] *
Fia [de Vew Seddon Tooh beb
[n} & 1] = @ 8 g L] e 4 a
Now.. Open., Savw  Samas.  Reload Matorials  Conditions  Oufputs Unda Redd Sim.. Charts . Post-Proc
TR Asoumeuts/seiections

Fter  [uateniat

While the numeric
simulation runs, the Al sae] wouzj W EEX | MBEREEE | ¢O®

results can be evaluated {11 1 e
at the same time i
ristorcal Bick Clastee |
Steps -
interpretation
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DELPHIN: results n3encult

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

Different materials
Surface Material Variation

60
| |

Surface Material = Brick, Exposure Coefficient = 1
Surface Material = Clinker, Exposure Coefficient = 1

554

50

; | | ,
) VA \ A

35

: L AWV AN A
TN

20

NN -IAWIRNIWIRN WY AN WY

0 0,5 1 15 2 2,5 3 3,5 4 45
Time in [a]

Moisture mass density (liquid + vapor) in [kg]
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DELPHIN: results nSencult

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

Rain protection/roofing:
Exposure Coefficient Variation

[ [ [ [ [
Surface Material = Brick, Exposure Coefficient = 0.5

181 | ——— Surface Material = Brick, Exposure Coefficient = 0.4

Surface Material = Brick, Exposure Coefficient = 0.3

Surface Material = Brick, Exposure Coefficient = 0.2

20

S 14— __ Surface Material = Brick, Exposure Coefficient = 0.1
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DELPHIN — Analysis n3encult

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

of 2D problems

Wall with hydrophobisated
surface

Area with faulty hydrophobisation

2D grid after
discretisation

LN PP Y B T T it LT N PR ey
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DELPHIN — Analysis 3encult

Of 2 D p ro b I e m S EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

[ TR S R SRR . B e e el o }
9 8 gremccssssssssnecse=ge. e e e b bl bl it Ll b Dbl bd L Fe=s=sssscescensascanns -
S
= ? fecsssssssssssssssscdradesccsnasnsansnasaanaannans fecssssssssssssssssssfeabloccccacnasaannacaannas
Sf ' AW Bestand
o B ] AW, ohne Hydrophobierung, mit 8 cm CaSi f----------- A
T AW, mit Hydrophobierung, mit 8 cm CaSi
g 51 g AW, mit Leck in Hydroph., mit8 em CaSi f----------- 1
[s) i ) :
: = p— -
o : : ] '
5 3
<
@
0o
b

0,25 03 0,35
Location in [m]

Field of humidity with
faulty hydrophobisation
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Rehabilitation and Building n3encult

In older housing stock

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

£

£ .
inside o ! outside

o

(9]

Discretisat
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DELPHIN — Analysis of

g2 3encult

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

constructional details

Detail 2.1 wis Detail 2.5 wis

“ensteranschluss seitlich Fensteranschluss innen
mit vorhandenem Innenputz Mauerwerk mit Anschlag
(Putz Leibung innen entfernt) mit vorhandenem Innenputz

-enster mittig

1
auBen auBen

— Thermal bridge?

9 5?‘"7;.{:; ~, I'-:""-';-T‘{:Lj; J

T

innen innen

| Window frame |

— Plaster, Brick, Plaster, Glue mortar, Insulation, Plaster
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DELPHIN — Analysis of

constructional detalls n39ncu“

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

* Analysis with DELPHIN

Delphin 5 - [D:\Wserindreas\zhorwin\serverlab We
Datel Beabeiten Ansicht Smulation  Werkzeuge Hife
D 4 =] @ C] g L] L

New.. Qfnen... Speichem  Meu laden

sim\2_1_DIN. dpj] *

k2
Ergebnisse..

Fost-Froc

Konstruktion/Gitter

L] skalierung; 100% 2| (el 2 B X MFESEES

Zuweisungen

Filtsr | Materialisn

Lirme-Cement plaster (MASEA)

Historical Brick Cluster 4-D0

Lime Plaster hist)
adhesie_FKA

D& PUR mit Fdlimértel Therm

adhesie_FKA

PUR mit Fdlimértel Therm

PUR mit Falimgrtel Therm

Antischimmelputz
Antischimmelputz
PU-Foam
Lime-Cement plaster (MASEA)
Zusveisungsinformationen
Name Spruce SW_Fi across grain
Typ der Zuweisung  Materialien
Zuweisungsbereich 11,1 31,11
Ot der Zuweisung  ELEMENT

Dmﬂx LR AT
o s [ Ausgapsomas

Water conl

Field
L,

__ Maldungsfenstar {iir Fehler und Warnungen (lischen mittels Konteximaniisl) . i3
% . - 2 S o - e = bt e b e L et e,

tent fiel
P
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DELPHIN — Analysis of
constructional detalls

g2 3encult

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

Detail 2.1 - with window rabbet

outside inside
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EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

DELPHIN — Analysis of n3encu1t

constructional details

Detail 2.1 - without window rabbet

9, =12,1°C

Incorrect! DIN 4108-2 demands:

9. >12,6°C

outside inside

TECHNISCHE
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DELPHIN — Analysis of

constructional detalls n3encu“

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

* Detail 2.5 - with window rabbet

9 . =13.8°C Ok, thermal protection fulfilled.
Ol !

.. 05 .
outside inside

o
=y

Minimum thermal protection of the guideline
ensures, that the dew point temperature resp.
minimum pretensions for mould are not reached
or exceeded (e.g. on wallpaper).

Location in [m]

=
w

What about the internal condensate?

0 005 01 015 02 025 03

120 113 118 117 116
318171615
|21-31-415
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DELPHIN — Analysis of

g2 3encult

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

constructional details

 Critical moisture content: Condensation and drying behaviour

®=92,7%
0B
¢ =956,6%
059
' Condensation periods
g”‘”\ Drying period
§U,3
&
029 -E
£
014 3
5 @ ...i.| Critical point in the construction
0 005 01 015 02 02 03 5 5 .
Loceionin) " can dryout during summer.
] 0 a0 100 . .
[‘:';!EE §l Rioieid 6%l No moisture accumulation!
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