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Introduction:
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Introduction:

Hunting Lodge St. Hubert

 Top 100 monument in The Netherlands
* Architect Berlage
* Built between 1916 and 1922 for rich industrial
* High Tech building for its time
« Walls with cavity
« Partial floor heating
» Central heating
e From inside mechanical controlled outdoor
sun blinds
e Mechanical ventilation
o Electrical elevator in tower
o Central controlled clock
e Bell service system
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Introduction:
Hunting Lodge St. Hubert

o ol
/H lL!—M—LLLﬂ‘_‘ .
O

B Y | - e s |

Technische Universiteit
Eindhoven
University of Technology

04

11-11-2008 PAGE 7




Moisture damage analysis

University of Technology
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Moisture damage analysis
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Measurements

Wind velocity and direction

Horizontal rain fall Vertical wind driving rain
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Measurement results

Catch ratio:
R,
R,
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CFD geometries
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CFD results

Wind velocities and directions

pz: F— Foe—
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Raindrop trajectories
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CFD Droplet driving rain results
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Comparison: Measurement and CFD Results
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Measurements:
Indoor temperature and relative humidity
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Modelling and simulation COMSOL.:

Geometry

. o= brick
*—|— concrete
e i
440 mm 60 mm
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Modelling and simulation COMSOL.:
Input data temperature and vapour pressure
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Modelling and simulation COMSOL.:
Input data sun irradiance and driving rain
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Modelling and simulation COMSOL.:

C; % =V-(K,;VT +K,,VLPc) Heat PDE
Cp. oLl _ V-(K,,VI'+K,,VLPc)  Moisture PDE

LPc="log(Pc)




Modelling and simulation COMSOL.:

Coefficients

C,=p-C Thermal capacity
K11 =1 Thermal conductivity
oPc M
K.=—| -6 -¢- . Psat - w_ :
12 v " Yp ¢ ALPc 0. RT Latent heat evaporation
= W . opC Moisture capacity
¢ 8Pc oLPc
Psat
K, = §p Q- g Vapour permeability
oT
oPc oPc M
K,, =-K- — 5p Q- - Psat - o Liquid permeability
oLPc oLPc o, RT
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Conversion estimated material properties into

PDE coefficients

Ew) —»
S(w) —>

Splw) =

Mw) ———»

REEET.

Cp(LPe,T)

K1n(LPc,T)
K,2(LPc,T)
Crp(LPc,T)
K (LPc,T)
K, (LPc,T)
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Modelling and simulation COMSOL.:

Boundary conditions

The (i)nternal boundary conditions are:

q; =¢o; (T, (1)-T) [\N/mz],
g, =4 -(p;()-p) [kg /sm*]

The (e)xternal boundary conditions are:

O = & - (T, (1) =T) + Qg () W /m?],
9. =B, - (Pe(t) = P)+ Gpain (1) [kg /sm*]
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Modelling and simulation COMSOL.:
Results surface temperatures
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Modelling and simulation COMSOL.:
Results relative humidity at surface

ligdarys)
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Conclusions

« 1stattempt to use COMSOL for rain penetration
e Only 1D
 Estimated material properties

e Future work:
e 2and 3D
« Measured material properties
e Simulation of variants to solve problem
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